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Frograx f o r  Organizational ,,,eeti,ng of Teletherapy 
Eivaluztion Board, ;&y u-i5-16, 1952 

.;ednesday Night 

8 F.m. . t o  10 p a .  

9 a.m. to 10 8.9. 

1O:OO a.m. 
10~15 8.a. 

I l : i t G  a.m. 

i2:OO noon 

8:OO p.n. 

Friday 

9:OO a.m. 

9:30 a.m. 

12:OO noon 
4 ll:3G aeP. 

1:30 p . ~  

5 p.n. t o  7 p.n. 

Open Iiouse B Z i c a l  Eiv is ion  .......... Drs. mdrews, Boot 
Brumr  , Perkinson, Z a p ,  Xniseiep 

Y r a n s p r k t i o r i  tirrangoinents ma Tour of LieZical Livisio:? 
Facilities. 
I n t r o 2 u t i o n  ........................,.,.,..Dem Lavison 
Gener aL 2rojlern of Isotol3e Sources 
fo r  lelstl1srapy.. ............................. i:. Brucer 
Introduct ion 7 -  t o  t h e  P x s i b l e  G S ~ S  . .  of C e s i u n ~ ~ 7 . .  .................................... Ermer 
Haccss f o r  i ~ i c h  

Presentat ion of Data on Cesiuml27.. .......... .Mi. Bruce- 
Prauuction of ccsiu4-37..  ...................... .A, 31~p-r 
ITocurezent Probhas.  ................... *..Po Aebcrsold 

Cones and Diaphr-gm.. .................. ..J. Richar6scn 

Size  of  SOLTCC.. .............................. iE. Sruccr 
Cons t rmt ion  of Lead. .  ........................ .J. LFlde 
Rotation& L.hchbAtx-y.. ....................... ,hl. Brucsr 

Yr oblems f o r  Discussion 
S i i g l e  VS. A.d.tiple Sowces...................H. K e r w  

Penmibra.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Ei .  BrQcer 

I n f o r m l  Discussion and Ecception 
at ..:USBW of A t o n i c  Znergy.. ..................... .Stzff 

The Radiation Inter ac t ion  S?cctrun 
from 2csium137.. ............................. P. R. Boll 
Generai Discusion-Opened by.. .............. ..I.,. Gmcla  
Organizational 5iscussion-Qensd by..  .... . W e  Gregoricff 
heccss for Lunch 

Ck ,g an i z  a t  ion  d Mc e t ing  C on t inued 

Cocktai ls  a t  the iIom of Dr. 2. Kermm, 102 Pickwick LcL?e. 



1. 

2. 

3 .  

4. 

5 .  

6.  

7. 

8 .  

9 .  

10 . 

The Orgmization of t h e  Borid 

i o t t e r  of Agrcenent 

Inv i t z t ion  t o  Other Schools t o  Build UI, Requi red Nuiibcr of  iJnits 

Co.mittce t o  Approach A.Z.C. 

Coai-xitttic t o  Design Source 

Corn-xLttic t o  Dcsign Scud 

C o r a i t t w  t o  Dcsign Rota t iond .  dechmisn  

C o m i t t s e  t o  Design R d i o b i o l o g i c a l  Fxpcriaent 

C o m i t t s e  t o  Gesign C l i n i c a l  Evdua t ion  Zxpcrinents 

C o d t t e c  .on J o i n t  Construction of Units 



Minutes of  the Teletherapy Evaluation Conferance 

The Medical Division 

Oak Ridge, Tennessee 
O a k  Ridge I n s t i t u t e  of Nuclear S tudies  

May 15, 16, 1952 

On May 15, 1952, twenty-five r ep resen ta t ives  from s ix teen  of twenty 
medical schools associated with the  sponsoring u n i v e r s i t i e s  of the O a k  Ridge 
I n s t i t u t e  of Nuclear S tudies  met i n  Oak Ridge t o  d iscuss  the organizat ion of 
a te le therapy  evaluat ion board, 
a t tending  the meeting i s  attached. The program of the m e t i n g  is attached but 
should be amended t o  read, Friday 11:OO a.m., Organizational Discussion opened 
by Dr. Brucer since D r .  Grigorieff  was unable t o  attend. The substance of the 
Thursday discussions i s  contained i n  the  pr in ted  booklet on te le therapy  problems. 

A swmary which includes a l is t  of persong 

Following considerable discussion on var ious methods of organizing 8 

t e l e the rapy  evaluat ion board, the  group f e l t  that, since none of them had been 
appointed a s  the  o f f i c i a l  representa t ive  of a un ivers i ty  t o  t h e  t e l e the rapy  
evaluat ion board, they should not make any binding commitment t o  the  I n s t i t u t e  
o r  t o  t h e i r  un ivers i t ies .  
mendations t o  the Board of Direc tors .  

A number of actions,  however, were taken a s  recom- 

1. It was mved by Dr. Meschan of the Universi ty  of Arkansas, seconded 
by D r .  McClure of Vanderbil t ,  and passed by unanimous vote t h a t  the assembled 

dent, construct ion,  and t e s t i n g  of a cesium te le therapy  unit. 

of Kansas, and given unanimw approval by the  e n t i r e  group t h a t  the  Executive 
Direc tor  of the  I n s t i t u t e  be asked t o  i n v i t e  a l l  i n t e r e s t e d  four-year medical 
schools  t o  j o i n t h c  S o u t h e n  schools in a t o l e t h e r q y  evaluat ion program and 
t o  appoint an o f f i c i e l  representa t ive  t o  the board. I n  connection with the 
discussion on the  appointment of a representa t ive ,  it was brought out that it 
i s  not proper fo r  the I n s t i t u t e  t o  suggest t o  the u n i v e r s i t i e s  the type of persm 
t o  be appointed, 
i c i s t s  from each schoo1,the Medical Divis ion of the I n s t i t u t e  already has a con- 
su l t an t  contract  system which could be used t o  allow a large group t o  take an 
ac t ive  pa r t  i n  ths developmnt of the  program. 

.n ivers i ty  representa t ives  go on record 8s being i n  favor of the  fur ther  develop- 

The motion was made by D r .  B e l l  of Louisv i l le ,  seconded by Dr. Hoecker 2. 

To insure  the  p a r t i c i p a t i o n  of the r ad io the rap i s t s  and phys- 

3 .  It was mved by D r .  Brmm of Georgia and seconded by D r .  Dennis of 
b j l a n d  t h a t  the recommaIdation f o r  a general  organizat ional  plan be t h a t  each 
un ive r s i ty  or medical school appoint one o f f i c i a l  representa t ive  t o  the  t e l e -  
therapy evaluat ion board; that this board should meet once each geer and corn- 
mi t t s e s  appointsd by the board t o  d iscuss  various phases of the problem should 
m e t  a t  the  c a l l  of the chairman of t h e  board. The motion w a s  passed unanimously. 

4. It was t h e  genera l  f e e l i n g  of the  e n t i r e  group that, since none of 
them had o f f i c i a l  standing, fur ther  considerat ion on organization of a s teer ing  
committee and spec ia l  c d t t s e s  be deferred mtil  th s  o f f i c i a l  r sp resen ta t iv€s  
of the  un ive r s i t i e s  are  formally appointed. It was suggested t h a t  the univer- 

. t i e s  who had not yet b e m  inv i t ed  be asked t o  send down representa t ives  f r o m  
bheir radiotherapy dep&ments any time during the months of June or J u l y  t o  be 
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i r iefed on t h e  problems t h a t  were presented t o  t h e  group on May 1 5 .  
of them had had an opportunity t o  be br ie fed  on these problems 
suggested t h a t  some ti= during August a meeting be cal led of the  offici21 repre- 
s en ta t ives  of a l l  i n t e re s t ed  m i v e r s i t i e s  t o  formally s e t  up the group as a 
consul ta t ive and advisory grot i  of the Medical Division of the  Oek Ridge I n s t i t u t e  
of Nuclear Studies .  

After  a l l  
it was fu r the r  

A sumnary of the  meeting was prepared by Mr. Dixon Johnson of ORINS and 
w i l l  be pr in ted  i n  the  ORINS News Letter. 

Marshall Brucer, M.D . 
Chairman 
The Medical Division 

Attachmnts:  Program of t h e  Meeting 
Sunrmary by Mr. Dixon Johnson and 
List of Persons a t tending  Meeting 
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A l l  bo&v c e l l s  can Se k i l l e d  r r i t f i  

some are not ,  more rad iosens i t ive  than 

radiat ion.  Some t m o r  c e l l s  are, and 

nom& ce l l s .  Therefore, the  degree of 

p a l l i a t i o n  possible  T:i%h an exte.rnal bean of rzciiation ranges from none (the 

idiosyncrasy of s.rtreme t o t a l  body s e n s i t i v i t y )  t o  c-ne (the d e s t x c t i o n  Of 

turr,or w i t 1 1  i n s i g - i f i c a n t  normal tissue danags). 

l a rge  nmker  or' t.;?;ors i n  mhich Yae problem Fs t o  develop z geometrical p a t t e r n  

of cancerscidal  dosage. 

-. mthiq tills range there  a r e  a 

Tm.ors a r e  eccen t r i ca l ly  plzced y i t h i n  i r r e g d z r  'cocias 2nd nave i r r e q l a r  

shapes. 

incomplete. 

fom dosage i n  t h l s  irregular nass v4th a rLrAirnuo; ciosagz elsevinere. The n in in i -  

zat ion of dosage elsecinere is conpliceleil  ky in5erfersnce of c r i t l c d  m a  extra- 

s e c s i t i v e  t i s sues ,  1.8. i i iucosae,ad bone xarroq. 

hazard of a varia'cle a l l o m n c e  of i r i t e g r d  .dose. 

Inforr.&i.oc 02 the  actual shape cr' the  tuu?.cr I s  51';~2jrs, or' xecessi ty ,  

The F r i m a z r  job of t h e  rad iopkys is i s t  i s  .2g ' ;niid 8 maxinu aild uni- 

-. i'mm is e lso  the l imit i r lg  

hj t h ree  d h e n s i o n a l  pa t t e rn  of dcsege c m  be developed x i t h  a beac? of 

rad ia t ion  from rn e-xternal source. 

Teletherapy Unit, 

s ince s b g l e  or mult iple  s t a t ionc ry  b e m s  2-0 spccial  ceses xherein the ro ta t ion-  

al inovernent i s  zero a r  the bean 2s in te r rn l t tan t  i n  a m t n t i o n a l  path. 

The nacbinei-,; f o r  such a source i s  ca l l ed  a 

All such exterlial thcraI;y m y  Se c-dled r c t n t i o m l  therapy 

A w-iform dosrge i n  any three d inens iond  ?nt-lcm car- be developed if the re  

i s  corq le te  r'reedcm or" r o t c t i o n  of  the mi%, the body, o r  both. 

o f t en  i n  non-rigii. susFcssion, the  3oay c a  ke x b t c k i e d  only Fartially rigid 

f o r  sho r t  per iods of time and i ts  l i m i t s  03 ro t c t io r ,  am n a r o a .  

most of the rotciting z ~ s t  be l cne  bj t he  i x i t  m2 tilero I s  a p r e n i m  on s m a l l  

unit size . 

But tumors are 

..  

Therefore, 

The uni forn i ty  of dosage xithin a perfect  geomet r i c2  pa5tcA i s  modified by 

a t tenuat ion  or' thc  be= i n  t r v i e r s i n g  t i s s ~ e s  of vaqii-ig dcnsitj-. The a f f e c t  of 

1 1 3 b i l - l  
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inhonogeneity of t i s s u e  i s  mininizeci at gama e m r g i e s  betmen 0.2 and 7.0 mev. 

but  there i s  a dileima i n  choosing w- i d c d  cncrgy, 

The encrg-  from the  source should be high ir, ordsr  t o  ge t  n&un pcnctra- 

t i o n  of t i s s u e  ami should be lon t o  g e t  minimxi geaetrat ion through the source 

shield.  

effects of energy and Z on photoe lec t r ic  absorption and Cczpton scatter helps 

resolve the  problcn. 

Since t i s s u c  has a low Z and t h s  shield has a high Z t he  divergent  

A t  any 2 high energy photons i n t e r a c t  l a rge ly  by tiic Conpton process. 

Bclon one mil l ion v o l t  energies  the  photoc lcc t r ic  proccss incrcascs  absorption 

in the higher Z sh ie ld ing  catcrids.  

s idc ra t ions  imuld appcar t o  be bclor; l,O QCV, but abovc C.2 nev. 

The i d c d  cncrgy from these physical  con- 

Various k d i o i s o t o p e s  decay by gemm cnissior: -:A,C,iiFn the  r s g c  dcsired,  

Other requirements arc: high g ~ m a  dose i? s m l l  scu-cc volme,  long awful l i f e  

and availabili5y. 

thermal neutron rccc t ion  and S i s s i o n  product scpnrizkion 

de f in i t i on  of lthighn, ftsxiiQufl, "longff and : l p r a c t l c d l l  about 5 t o  10 radioisotdpcs 

are b 2 t t e r  thm radium. 

units: E ~ ~ ~ ~ - ~ 5 4 ,  Corn and Cs137, Tke s c d i c d  ?rofcssion has given i n s u f f i c i e n t  

tnought t o  the  problcn of smdler  r c s t r i c t c d  usage z x h i n c s  such as i n t r a v a g k d  

and i n t r a o r d  app l i cz to r s  ci icre '-,he very l o c  cncrgicz 1;sT7e g r o a t c r  usefulness.  

A t  thc present  timc ;;rzctlzcl mtr-iods of production a rc  by 

Dcpcnding cpon the 

Only three appccr t f p x c t i c d n  f o r  largo t c lc therspy  

About 83% of the  gama e n e r a  f ron  3..&52-15A i s  about I ncv, rcdizt ion.  The' 

remaicder i s  a mi.xture of l o c  energ ies  mrcra@g 0.28 zcv. ma i s  cosily f i l t e r e d  

out  of  the beaii, 

lead and my bc inaccurate). 

as thct fron Cow at 1,2 mcv. 

10 t o  30 t b e s  higher thn Co60 depending ilpon t i c  con6itions of saurcc des@ 

a d  i r rad iz t ion .  "he "cold" %t%ri.d. is aveileblo I.2 h t i i  C ~ S C S  332 the cos t  

(Tlnis data i s  c-utrzpolatcd fron e r a r r o n  bcaa absorpt ion ir. 

This i s  c s s o n t i f i g  CIe smc q d i Q  of r ad ia t ion  

Europiunl52-154 sill have c s p c c i f i c  a c t i v i t y  fmn: 
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EL b e t t e r  tclethcr2p-y socrcc th2.n Goa. 
Cs137 y ie lds  gmim r a d i a t i o n  a t  0.66 mcv. Its l i x c n r  absorption cocf f ic icn t  

i n  carbon i s  0.18 m d  comparcs nith O.l,!+ f o r  Zu 152-154,. Therefore t h e  CsU7 
r a i i n t i o n  is absorbed and scn t tc rcd  o n l y  s l i g h t l y  difr 'crcrt  than ELI 152-154 m- 

d ic t ion  in l o n  2 t issue- l ikc mater ia ls ,  Csu7 should bc a fcc F3cr ccnt  less 

ossesscs the  r e , d t s  i~ pat icnts .  XedisS. s t a t i s t i c s  bciiig - A n t  they a rc ,  an6 

s h c c  the  u n i t  of ncasursnc;..t (dcgrcc of palliation) i s  r:ore 2 m t t c r  of opinion 

than of fact, the r e sd t s  rill bc i n  t t ic  l o r -  02 cc opiiiion POL, Onc qualiflcd 

obscFmr 's  o p h i o n  is zortii l i t t l c  corlpcrcd $3 t hn t  of c l a r g c  grou? of q u a l i f i e d  

observers. 

To get  such group togcthcr r l l  c c d i c d  schools h ~ v ?  bcer, i rv l t ed  m d  25 
-... 
I 

CT- 

have acccptcd the  i-,viclatian t o  pa r t i c ipc t e  in 8 lo:ig rxLgc o v d u a t i o n  of a l l  

tc lc thcra?y sources. 

f a c i l i t i e s  ~ 1 .  p o ~ t i o n  of the support i s  f r o 2  S C  fwAds. 

g o v c m c n t  controllcd project. 

Ld 

3 c c c . n ~ ~  m a y  of thc p r o b l e m  cc31 Lc sol-xd o n l y  in U C  
I 

I 

But t h i s  ciU not  be a 
A3 

The Tcicthcrzp:r E v d ~ c . t l o n  Eocrd has becn 0- 

ganized % the c c d i c d  schools, the nojc p r t S o c  zf tk?c c-rduet icr-  nil1 be done 

or" the n e d i c d  schools. 



TiOT F9R PUBLICATION OR NWS R&:QIISE 

1. Dis t r iWted  t o  18 members of T.23 f o r  information and criticism. 

2. Limited d i s t r ibu . t i on  t o  20 o ther  i n t e re s t ed  p a r t i e s  f o r  i l l for-  
mation and c r i t i c i s m .  

3 .  This a r t i c l e  i s  not c l a s s i f i z d  and m y  be released t o  any o the r  
i n t e r e s t e d  person. 

I,. J .  3 u l i i e t  
W. F. and John Barnes Company 

Paul Zlza 
Oak Ridge I m t i t u t e  o f  3uclear Studies  

These general  s p e c i f i c a t i o n s  are tentati-re and su5 jec t  t o  
revis ion.  
or" a f e a s i b l e  goal and not  as a Sir.d:-ng contractual  agreenent. 

They were j o i n t l y  arri*Jed a t  as a n  engineering est imate  



The head o f  t be  u n i t  i s  t o  be an interr ia l  r o x a t i n g  wheel type ue-  

sign similar t c  th-lt i n  the Oak Ridge and Saskatoon u n i t s .  

t o  be mounted on a horixcn'cal s h a f t  c lose  t o  the center  of  gravFfUy and 

t h i s  s h a f t  i s  t o  be su2ported i n  t h  f o r k  a t  the  lower end 02 a v e r t i c a l  

Th2 hea6 i s  

telascope column. 

a n  in t e rchsnpab la  mit t o  f i t  e i t h z r  cesium, with a 500 pound head, 

europiux, with a 1500 pound head, o r  cobal t ,  with a 2000 pound head. 

The f o r k  o r  can t l l eve r  s q p o r t i n g  the  head should be 

The t e l e scop ic  column i s  t o  be sup?orted from a ca r r i age  which 

This coSwm and car r iage  m v e s  on t racks  supportad. froifi t he  c e i l i n g .  

machanism are  t o  be designed f o r  tha  m a x i m u m  weight of thc, hvaviest  o r  

t h =  l i g h t e s t  hsad interctlangeably. Tha motions o f  t b s  c n i t  a r e  shown on  

t h e  accompanying char t .  

A.  The Degrees of  Freedom of ?Totion f o r  the Source-Collirlator Ass3mbZ-y. 

1. A11 notions a r e  t o  be on z i t h e r  snher lca l  or cy l ind r i ca l  co- 

o rd ina te s  and a r e  deacrlbed from r e s t  pos i t ion .  

r o t a t i o n  about a ho r i zon ta l  a x i s  perpendicular t o  the :axis of the 5za2 

or' r ad ia t ion .  

downward t o  an anzle  ap?roxiaately 70 degrem above h o r l z o n t d .  

The f i r s t  motion i s  

The beam m y  be swept i n  a v e r t i c a l  plane ;ram ver t ica l ly  

2. Ver t i ca l  aovazent of the head. Thc v c r t i c a l  motion or" %e 

haad s h m l d  be such t h a t  t he re  i s  permitted a m i x i m u m  Traverse q f  at 

l a a s t  4. f e e t  i n  a room 9 1/2 f e a t  high, with thz focus of r i d i a t i o n  a t  

standard t r a a t x n t  tab12 haight.  

7 .  3 .  nor i zoq td .  motion. Thc naxinum ho-izontal motion w i l l  be t h e  

d i ane te r  o f  th.2 c ; r l indrical  o r  s p h e r i c a l  co-ordinate s7s tdm and must be 

such t h n t  t;-e LcLine cnn conplotal;? c l e a r  a standard 6 f o o t  pai iz : l t .  

9y c o - o r d k a t i n g  the novmar,ts of  t h e  hosd and thti tabls ,  %kis  r o t m y  

d i m s t e c  can bs modified t o  a smaller diarn,ter but mst ba s ~ c h  t k t  5-03 
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any poin t  o f  t h e  body the  scurce can be st onc inctar d i s t a n c a .  It should 

be possibla to  modify t h s  somce  s k i n  dis tance from a radius o f  50 cm to 

B rndius of  90 cm. 

9. Table Notions. 

To a large ex tan t  the  motions of tho tab12 ar:: probably ndczssary 

on ly  f o r  s e t  up and focusing purFoses. The add i t iona l  rangd cf notion 

spzcifiad fQr t h e  prototype model ar3 f o r  the  purpos; qf inv.xtIgat i r ,s  

t h 3  comFltxity of cont ro ls  necessary i n  sin,olc;- o r  doublz :novi .n...E; s y s t m s .  

C .  C o n t r o l s .  

Thi abovc: dcxcribad notions should provid(3 conplst? f l e x i b i l i t y  

f=\r placing t h s  haad i n  any p o s i t i o n  i n  which i t  could possibly bt: uszd. 

Thz aff ic icncy v i t h  which the  dcvicc car! b3 usad w i l l  dzpznd q o n  the  

t-jqx and c?,egrze o f  cont ro l  that i s  prcvidcd f n r  thzs; !notions. 

Since the  prototype mch inz  i s  t o  b2 used for i nvas t iga t ing  vcr lous 

tccbniquos of trsatniant,  it is  proposcd t h a t  this macl.in, bL p r o v i d d  

with cont ro ls  which pzrmit the wid;st possibl?  variebf o f  ka r !  rLovexents 

?.ftzr 2 certa.in p s t t 2 r n  of movarnent h a  been detirminzd i t  can be r a p s s t 3 1  

Lutomaticall7 and a c c u a t 3 l y  b.7 m a n s  of a simple "s;t-up" o f  t h s  con t ro l  

mechanism. 

Pl lha inaintsmr?cs of a f i x 4  s o w c ~  t o  t a r g e t  d i s t ance  dcrmnds "hat 

t he  SO?LTCC bc constrained t o  follow a spha r i ca l  su r f zcs  with ths locus 

center-d st tha  tsrpt, Tho ex tan t  of thc sphe r i ca l  l o c m  i s  sonewkt  

q r z s t x  th sn  a hLaisphcre s ince  It i s  possibls  f o r  thz s o m c e  t o  occupy 

pos i t i f i n s  s o x w h t  b d o w  t h s  1 ~ v ~ 1  o f  th; t a rg2 t .  

&ch 3f thc s?he r i ca l  o r  cy l ind r i ca l  co-ordinz:c motirn..; is 50 

f 1 3 t 1 2 2  
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ba e f fec tad  by its own z l a c t r i c  motor. 

control led i n  t h 2 i r  spcad and d i r e c t i o n  by means o f  i: con t ro l l i ng  f o r c e  

Fach o f  thcse  motors E r 3  t o  5:: 

cowzct2d t o  9 computer mechanism which can be autamaticn!.ly s e t  t o  

rsproduce any p a t t a r n  ovdr ths surface of t h e  sphera. On sphcr ica l  co- 

c r d i m t z s  tha following motions a r c  t o  be contro1lz.d as shown on thl: 

chzr t 

Soma of th; notions will be by manual con t ro l  only. Somc: of t h o  

no t ions  must bc automatic i n  p a t t e r n  but must alsc bc su tona t i c  t o  ?os!-tisn 

o n l y .  h n m h r  of thd motions ar.3 no t  t o  be put i n  th; p r s s x t  mchanism 

but  thz  present, d a i s y  should s o  arrangz tk t  on f u r t h c r  dcvalopmcnt thzy 

could bz put i n t o  nn automatic con t ro l  p a t t x n ,  

5, z3de autornatlc but t h i s  dmznds upon tha cngindcring p o s s i b i l i t i L s .  

A numbx of  motions my 

Tha p x i o d  of  cycling on th.xz notions ahould vary Znywhzre from c b u t  5 

t o  20 ninutcs .  Th.2 ccxitral 3xis o f  th; b z m  i s  t o  bc focus& on c i  po in t  

i n  spaca and must be maintainad a t  t h i s  point  2s accurz-bely as possibl;.  

d 1 m accuracy i s  d z s i r i b l u ,  3 I cm accur:.cg i s  neccssiiry. 

be possibl:! t o  i n t e r r u p t  t h j  be,m within tho p a t t e r n  a t  cny point ,  

It should 

Somz o f  t h t  t;;pc p s t t d m s  t h z t  w i l l  bc uscd a r c  3s f o l l o w s :  

1. X c r i d i a i  motion, In meridian motion tha sourcd t rwc l s  d o n g  

2 g r c z t  c i r c l s  s o  t h a t  t'ca beam cu t s  -3. p;rpcndic:dar o r  cblique c ross  

SLction through thz  body. 

2. Conical notion. In conical  motion thc bcam f~~?.lows ttic suri"dct 

o f  a r i g h t  o r  o 'diqut  conc with th2 locus a t  t h i  tumor. TI12 cycls  of 

motion should bo 3bl.s t o  s tar t  from any po in t  on thJ  sphcrc and t he  

-,nglG shoulc! be a continuous v x i a b l c .  

3 .  R c c n t r i c  pa t tz rn .  I n  secun t r i c  p a t t m n s  s i t h z r  o f  t h z  two 

na t ions  prcviously dcscrib2.d may bc conoinzd with 3 motisn af thc  b 5 1 :  

t o  produce a n  s c c c n t r i c  p a t t c r n ,  

i 1 3 b 1 2 3  
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)himum k n g c  Automatic i n  Automatic t o  &.nual Po s s i b l  c 
3- t hc r  
DGvz,o!, - 

Notion af  ii -sd of klo t i o  ns Pa t t c rn  Posi t ion only 

m.;nt . 
Loadinsz S p s  c ia l  

an-off In ta rmi t ton t  

V;rticd 1.5 M 

BoriacnLcl 2.0 M 

T i l t  anZl3 160' 

Azimuth 

Rad ius 

Diaphragm 

Wn,dg~ f iltcr 

Ailtom t i c  
F i i t a r  

Notion of 
Tabla 

Rotation 

Vert L c s l  

Xorizontal  
N S  

Hor izo n t d  
i3-V 

3 boo 

50 t o  90 cm 

1 5  x 1 5  cm 

- 
-- 

3 60° 

0.5 M 

1.0 M 

1.0 M 

90' 

G5O 

-- 
X 

X 

X 

X 

X 

? 

? 

? 

x 

? 

? 

? 

? 

? 

? 

-- 
X 

X 

;c 

? 

X 

? 

? 

? 

-- 

x 

X 

X 

X 

? 

? 

- 
# 
.4- c Sone or' t he  motions w i l l  bo by manu31 control  onl;T. Somz o f  thz motions 

must bs a u t o m t i c  i n  pa t t2rn  but must c l s o  bL w t c n a t i c  t o  pos i t ion  only. A 

nu3lb-r o f  fhz motions 3;rc not  t~ b; pu t  i n  thr pr-sin-c xchunisr?. out  tho pr:san% 

desigr,  shcmld so errangc t t s t  on f - r t ixr  dcvzlopm2nt t k : r  ~ ~ 1 ~ 1 5  bc put i n t o  an 

a u t o m t i c  control  pa t te rn .  



In a ScptcEbcr 19fJ rcscarch rcpor t  f ro r i  thc h i v c r s i t y  of Cal i forn ia ,  

idclhase shorcd t h c t  there n s  a long-Lived ccsiuc. Lsotopc i n  f i s s i o n ,  dist inct  

from thc drecciy Tell 'mom ccsiunu4. 

nnich ind ica tcd  t c o  bcta  cncrg ics  and a gama m c r c  of about 0.7 mev.* 

In 194.2, &sorption curves ticre run 

*Glsndcnin, L. E., and k t c d f ,  3, 1, Papcr 152, b d i o c h c i 5 c d  
SkcEcs:  F i e  Fission Froducts, l l a t i o n d  Ekclcar E n c r s  Sc r i c s  - I V  - 9, 
Book 2, UcGran-HiLl, iqcx York, 1951, 
is f ron  this sourcc. Further rcfcrcncc xi11 be r.adc t o  thc 3 p c r  :Tmber 
of s c r i c s  4-9. 

Eiost 02 tile nc?;c,-id ilscd hc rc inz f t c r  

T h i s  long-lived Lsotopc of cesixE i x s  first  msigr-cd ia 194.3 t o  t h C  

aass 135 chain (?c.pcr 153). 

r e t a i n  this er ror .  

Xcncnl35 s tudied t o  vcr i f f  t5c 135 mss zssigrirm-it, thcrc  cas r c v c d c d  a 

10' year h a - i i f c  x t o r i d  f o r  m s s  135 c z i ~  thus  tkc 33-2-car m t c r i d  

m s  assigmd tc  m s s  337. 

Ir, 1948, t h c  bari~xd-37 daughter cf ccsiu&7 tics Ldcctificd 'cy Torinscnd, 

C l e l a d  and Hughcs.x* 

Sone 0:' thc publishcd f i ss ior ,  y i d d  charCvs 

Froc  tfic dccw .2f intcnsc: sourccs af Lodinc135 and 

Further  xrk i n  1945 ccd i rxcd  this a s s i p - c n t .  

In  Taper 152, thc basis of m c h  of t i c  p b l i s h c d  data O i i  F i e lds  of 

The cosi&7 i n  f i s s i o n  and th d e t s m i n a t i o n  of h a l f - l i f e  Is described. 

half-life, yicld,  f i s s i o n  rztc, m d  the mdin t i on  t i n c  are shoin t o  be inter- 

rolnted. F iss ion  yicld is usudly  bescd -qmn thc szt-ant ion a c t i v i t y  of D 

f i s s i o n  coni tor  of b o r n  y ic ld ,  

6.1 p r  ccnt  h o r n  y i e l d  is assuncd. 

In thc czsc of 137, 3 barim l.40 nonitor  of 

I . k q  expni,rcr_ts a c !  changcs in czlculzted 

values Sctnccn 19&& md 1950 ;hzve led t o  vmious Liicfd - J ~ G C S ,  ~ l l  close t o  6 

per  ccnf,, ald c? hzl f - l i fe  of  about 33 (plus o r  zir,us 3 )  ycars for the c c s i u c u 7  

E 1 3 b i 2 5  
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isotope, 

Hovcvcr, cesiunl37 is not  t he  only isotopc of ccsiun prcscnt  in 

f i s s i o n  products. 

nmbcr  l-45, nost  decay chains pass t o  o r  t h r w g h  a t o r i c  nunbcr 55, 

S t a r t i n g  u i t h  mass nunbcr 133, and extending up t o  nass 

Thc nass U3 chain decays f ron 10 a inutc  ariti3ony through 66 ninutc  

telluriun, 22 hour iodine, 5 day xcnon, t o  s t ab lc  ccsiunl33. 

chain s tops a t  s tnb lc  xenon, 

year cesiun t o  cnd as s t a b l c  b a r i m u 5 .  

Tho nass 134 

Thc mss 135 chain passcs in  hours t o  Q I O 6  

Thc nass 136 chain s tops  a t  s t a b l c  xenon 136 but thcrc  is d s o  a 

c e s i d 6  in f i s s i o n  rh i ch  has 2. 13.7 dzy h a - l i f c  ma dcccys t o  s t a b l c  

bariun. 

TZlc nass l.37 chain nay s t n r t  rrith E. vcry shor t  l i m d  iodine,  about 

6 p e r  cent E ~ Y  decay t a  a s t a b l e  xenon, but mst  ?asses through 33 y e m  

ccsiun t o  stable barim. Ll.1 of t he  others,  casscs 138 through 145, have 

very shor t  l i v c s  md pcss through c c s i u r  i n  scconds t o  ninutcs,  

Thcrdorc,  there arc b o  o the r  isotopcs of c c s i m  besidcs  137 

Ghich nust be considcrcd i n  any separat ion proccss. 

~ e s i u n l 3 5  has D tno n i u i a n  y e a  h a - l i f c ,  hencc, 2 vcry 10-z specif ic  

cctivity. It is  a pure be t a  c n i t t c r  and rill not  d f c c t  t i c  r ad ia t ion  

c h a r x t c r i s t i c s  of ccsi&7, but 7,511 help d i l u t c  i t s  spec i f i c  a c t i v i t y .  

Ccsiml33 i s  s tab le ,  

Both D f  these c o n t a i n c t i n g  ccsim isotopes have a ncutron capture 

c ross  scct ion,  h i c h  in long tern i r r a d h t i o n  a i g h t  a f f c c t  t i c  337 isotope. 

Ccsimu3 has a lcrgc cross  scc t ion  of 26 b a n s ,  

which has a ha l f - l i fe  of 2.3 yccrs. 

of cesiu&3 in a 1013 flux of neutrons cpn prodiice about 10 curies of ac t iv i ty .  

since thc 134 isotope has r ad ia t ion  c h a r w t c r i s t i c s  s i ~ i l 3 r  t o  ccsiunu7 

(0.5 t o  0.7 cev gama r ad ia t ion ) ,  it is not  3 sc r i cus  contaninant, h t  it 

can distcrt the  ha l f - l i fe  ca l ib rn t ion  of 2 supgoecdLy 2urc ccsim137 smplc .  

It is converted t o  ces iml34 ,  

A y e a r t s  i r r a d i a t i o n  of a t h i r d  of a gran 
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The neutron capturc of thc othcr i sc topcs  lcads  t o  vcry short half-life 

isotopcs nhich dccay t o  bar iuc  a d  ZIT separated out c h c d c d l y .  

sorption s tud ic s  K i t h  I,UT prcscnt  Z c u r i e  sourcc of c c s i ~ d - 3 7  nay be d i s t o r t c d  

in vcry t h i n  and very th ick  s a p l c s  by thc  ccsilln134 c o n t d n n t i o n .  Hence, F;c 

should use only t h a t  Tortion of thc  curvo bctmcn 10 and 25 grms/ cn',) 

( n c  ab- 

The best c s t i n a t c s  of the  yields of thc f o u r  isctopcs ax: 

Isotope Yield Sclcctcd valuc 

Cesiun 134 4.6% t o  6.1% 5,0% 

Ccsi&4 (1) m y  bc appreciable,  hcncc, fresh n a t c r i d  shculd be uscd, 

ccsiLd35 5.s t o  5*%& 5.5% 

cc s i d 3 7  6.1% t o  6.5% 6 .Os 

Inspect ioc 3f the snoothcd f i s s i o n  gicld curvcs frcn c i t h c r  urrrniun 

o r  plutoniun shon t h a t  thc jricld of i L l  t,firec shc-dc! bc uumd 6 pcr  cent. 

Mass 137 should probably bc a l i t t l c  b i t  highcr t'nan thc othcr tno and, hence, 

f o r  thc sake of calculat ions,  thc sclcctcd valucs shorn c'oovc arc t cn tn t ivc ly  

accepted, 

Calculation of Spcc i f ic  A c t i v i t i e s  

The spcc i f i c  a c t i v i t y  is dcfincd ;is thc  f r ac t ion  of atoris dccayhg  

per u n i t  t i n e  n u l t i p l i c d  by t h e  nunbcr of  a t o m  available i n  a uni t  mass, 

Thc, decay constant fcr c c s i u n u 7 ,  if ne accept 33 ycrrs of 1.04 x 10 9 seconds 

as the half l S c ,  is: 

every 1.5 %lo9 a t o m  

Thc nunbcr 

the atonic m i g h t ,  

of 

0.693/1.04 x lo9 = 6.7 x l0-l' SCC-1. Thcrcforc, 1 in 

of ccsimu7 dccays y r  sccond, 

a t o m  i n  a uni t  nass is Avogadrots Eunbcr dividcd by 

6,OZ x loa  = x lop atom 
I37 
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T ~ C  spec i f i c  a c t i v i t y  of pure ccsiunl37 is, thcrclorc:  

(6.7 x lo-'') x (4.A x loa) = 3 x LOL2 d/sec. 

The de f in i t i on  of the cur ie  i s  3.7 x l o l o  d/scc. Th2rcfore, 3 x 10l2 d/sec. 

i s  c q u i v d c n t  t o  81 curies/gram. 

a c t i v i t y  of cesiunl37. 

T h i s  i s  the n,urinul3 obtcinablc spec i f i c  

Honever, cesiun is a t  tho head .of thc clcctronot ive ser ies .  Because 

of its case of reaction, cesiun c m o t  be produced i n  nct&Llc forn. It 

nus t  bc produccd as c. salt. A sfablo s d t  is dcsircd rhich docs nc t  conplicate 

t h c  separation proccss, docs not  degenerate xridor high g m m  a c t i v i t y ,  is 

non-dcliqucsccnt, zzd has 3. nigh  c r y s t a l l h c  density. The sul fate has been 

chosen by Mr. Rupp of ORXL as bcst f i t t i n g  these criteria. 

Cesiun su l fa tc  has t h e  follorring rxight  proportions: 

Ccsiun = 1.35 or 270 o r  74% 
Su lphurs  32 o r  32 or ?$ 
Oxvgen 2= 16 o r  SL cr 1% 
cs2sof+ = 366 or 100% 

Therefore, only 74% of the a tons  neight  nil1 be ccs iu r  in a grm a t o d c  

rreight of ccsiun su l f a t e ,  and t h e  s p e c i f i c  a c t i v i t y  nc should use i s  not  

81 curies/grm cesiuc but  00 c u r i e s / g r m  of cesiun sulfate .  

37% of the  cesiun is  cesim137; 6% is c c s i ~ d 3 3  md ccsii?nl35, 

tho true spec i f i c  c c t i v i t y  i s  about 22 curFcs/gr?.n of ~csiud-3~. 

Honevcr, o n l y  

Therefore, 

&. Rupp cf OPAL, using nore r e c e n t  yield data, c s t i m t e s  t h a t  

23.4 curies/gr;m i s  t h e  best that can be done in se2arating purc snn?lcs 

from f i s s i o n  prcducts. 

The b p o r t m t  spccFfic a c t i v i t y ,  f ron  the  standpoint of teletherapy, 

is not one givcn by neight but i s  a spec i f i c  a c t i v i t y  by -~olum. Cesium 

sulfate i s  a nhite c r y s t d l i n e  p o d c r  rhi& wn be conprcsscd t o  a theoretical 

crystalline densi ty  of 4.24 p a s / & .  
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U s h g  a sinplc laboratory Carver prcss, i;e have conpresscd cesiun 

su l fa t c  t o  95% of mxbw- densi ty  c i thou t  the use of  heat. 

in Brucer’s repor t  on “Tclcthcrapy Dcsign Problcns: Ccsiun 137R vas 3.3 grms 

pcr cc. 

shorn in tht. fol lowing table. 

Thc densi ty  used 

The c f f c c t  of  increasing dens i ty  on thc vo lum spcc i f i c  a c t i v i t y  is 

Den s i  t y  volume Spcci f ic  Act ivi ty  ( b e s / c d )  

3 e 3  

3 .? 
3 e 9  
4.1 
4.24 

3.5  
59 
63 
67 
70 
74 
76 

69 
74 
78 
82 
86 
E39 

77 
82 
87 
91 
96 
99 

The figure sf 77 c u r i e s / c d  used. i n  the re?or t  glvcs about thc  

lonest spec i f ic  a c t i v i t y  t h a t  can be nade uscfui in a 100 cz t r ca tnen t  

distance machine, The t rcn tncnt  dis tancc c m  bc dccrenscd 30 (t nininun 

of about 70 cn, in nhich case a spcc i f i c  a c t i v i t y  of cbout 67 curics/co3 

could bc used. HoTievcr, this is  an unnccessmj  r e s t r i c t i o n  and decreases 

tnc r c l a t i v e  valuo of the isotope i n  e x t e r n a l  therapy. 

Zvcn using t he  poorest  y i e l d s  of c e s i ~ ~ 3 ~ ,  it should be possible,  

by p e y i ~ g  a t t en t ion  t o  conpression tcc;uliques, t o  gct  2 sv2ficicntI.y in tense  

sourcc. 

t o  the problcn of coopression, 

thousand d o l l a r s  in s e t t i n g  up a l a rgc  hydraulic not prcss t o  give a prcssure 

or“ about 20,000 psi, ovcr a 4..5 CCL dianctcr ,  

significznt increase in density of conpressed disks, d t h  incrcnsing ten- 

It nould appear t o  be r e l a t i v e l y  core ccononicol t.=, pay sone a t t e n t i o n  

Thcrc d l  be cln added expense of 2 f e n  

Scharzkcpf  dcscribcs a 



peraturc  during tkc d m l l  t ine o f  t hc  ccnprcssion.* By using both incrczscd 

tanpcraturc  and ixcrcascd prcssuro,  it shod?. bo possible t o  achieve specific 

a c t i v i t i e s  apprcaching 100 ctrr ics /cd.  TIE f i gu rcs  on rp.diction k t e n s i t y  

quoted i n  tkc ccsium tolcthcraFy design roca r t  c m  thus Sc i rxrcascd  by 10 

t o  205, in rhich case cesiunl37 sho:Jld cake m i d c d  s m r c c  f o r  tc lc therapy 

vhich c m o t  bc natcncd by my o the r  isctopc. 



TO : 

Participan+,s i n  the 8 A u g u s t  1952 Meeting of t ha  
- 1  leletherapy Evaluation Board 

Deans o f  biediczl Schools which have no t  yet Taken 
Actior, on the  Teletherapy Evaluation Board Proposal 

SUBJECT: ILINTjiS OF THE 8 AUGUST 1952 EBETING 
Ti73 TEUTFZFLPY EVz'L&TIOE BQ'LRD 

Enclosed i s  your copy of the  Liinutes cf the  f i r s t  o ; ' f i c i d  
neet ing cf the  Teletherapy Evaluation Bmrd.  
membership requireaents  he,ve boen se t  up, r>:hich vi11 a f f e c t  %he 
decis ions of thcse  risdicnl schoois iyhick have nat  yet taken 
d e f i n i t e  as:ion, a copy of these  rLnutes i s  beir?g d i s t r i b u t s d  
t o  the Deans of ti:ose schools. 
d i s t r i b u t e d  t o  vnrious o f f i c i a l s  of t h ~  Oek E d g e  I n s t i t u t e  
of Nuclear S tudies ,  2nd the L t o r L c  snergy Ccx.1ission. 

Since der^inite 

I n f 3 r m t i o n  copies ars 'coing 

. -  

Ciarshali Brucer , i.: .D. 
ChaLrxn, I.ledic& Division 
Oak E d g e  I n s t i t u t e  of 
Kucie a~ Stud ies  



ElINUTES OF AUGUST 8 MEETING OF TELETHERAPY EVALUATION BOARD 
1 Q52 

The f i r s t  o f f i c i a l  meeting of the Teletherapy Evaluation Board met 
i n  the Conference Room of the  Lledical Division, Oak Ridge I n s t i t u t e  of 
Nuclear Studies ,  a t  9:oO a.m., August 8, 1952, mith the follox’ing persons 
a t  tending. 

D r .  George Cooper, Department of Radiology, University of  Virginia ,  
Cha r lo t t e sv i l l e ,  Virginia .  

D r .  J. Robert Andrews, Departnent of Radiology, Bowman Gray School of 
Uedicine , l;inston-Salem, North Csroiina. 

D r .  Gi lber t  H. F le tcher ,  Department of Radiology, 1J.I). Anderson Hospital ,  
!Jouston, Texas. 

D r .  Arthur C .  Guyton, Department of Physics and Biophysics, University 
of f :is s i s s i  ppi , h i v e  rsi t y , E i i  s s i ss i ?pi. 

D r .  Harold b. Jacox, Department cf Radiology, Colmbia UniTrersity, 
Hew York, Kew York. 

D r .  Frederick B. rIandeville, Cepartrnsnt of Rediology, Medical College 
of Virginia ,  Pichmond, Virginia.  

D r .  I, AIeschan, P?prr tnent  of Radiolcgy,  l inivers i ty  of Arkansas, 
L i t t l e  Rock, drkensas. 

D r .  Robert Nieset,  Di rec tor ,  Biophysics Laboratory, Tulme University,  
New Orleans, Louisiana. 

D r .  E.  S. Pederson, Department of k d i o l o g y ,  University of Nebraska, 
Omaha, Febraska. 

Blrs. C. H. Purdy, Phys ic i s t ,  Pepartment of Fadiology, Bowlan Gray 
School of Iiedicine, L inston-Salem, North Carolina. 

D r .  D. S. Fankratz, Dean, School of hedicine,  University of I o . i s s i s s i p p i ,  
Unive r s i t  y , i.: i s s F s s i ppi . 
D r .  Robert J. Peeves, Depzrtnent of Radiology, M e  Universi ty ,  
Durham, North Carolina. 

P r .  P a u l  Eiiezenschneider, Department of Faciiology, S t a t e  Univers i ty  
of New York a t  S r a c u s e ,  Syrccuse, New York. 

D r .  Sidney 3ubenfeld, Department of Radiology, New York Universi ty ,  
Bellevue Center, 3eeW York. 

Dr. Joe C .  k d e ,  Ikpartnent  of Radiology, University of Texas 
Branch, Galveston, Texas. 

Medical 

Dr. G, M, Tice, De-partment of Radiology, University of Kansas, 
Kansas Ci ty ,  Kansas. 
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Dr. H. Stephen Keens, Department of Radiology, Emory University,  
A t l a n t a ,  Georgia. 

D r .  C. C .  UcClure, Department of Radiology, Vanderbilt University,  
Nashville,  Tennessee. 

D r .  Carl E. Nurnberger, Consulting Phys ic i s t ,  Kedical College, 
Universi ty  of Tennessee, biemphis , Tennessee. 

D r .  H. D. Kerman, Radiologist ,  CRINS - rgpresenting University of 
Louisv i l le  Medical School, Louisv i l le ,  Kentucky. 

D r .  blarshall Brucer, C h a i r m a n ,  The tiedical Division, OPJNS. 

GENERAL INTRODUCTIOX 

Following an in t roduct ion  of tne various members of the Board, 
D r .  Brucer s t a t e d  t h a t  the purpose of the first rceeting was t o  set up 
the organizat ional  framework and t o  appoint the major committees of 
the Board. It  was not the in t en t ion  of t h i s  meeting t o  present any 
new data, or  t o  make any f o r r a l  dec la ra t ion  of pol icy,  other  t l a n  t h a t  
concerned with orgamiza t ion.  

1. -- Review of Correspondence, 

Following the introduct ion and statement of purpose, Pr. Brucer 
r ev iewd  the h i s to ry  of the proposals up t o  August 7 th ,  end discussed 
a l l  of the correspondence concerning the Teletherapy Board. A de- 
t a i l e d  reading of the o f f i c i a l  i n v i t a t i o n  and an explanation 0:' the 
reasons f o r  v u i o u s  port ions of the o f f i c i a l  i n v i t a t i o n  vas given. 
copy of the o f f i c i a l  i n v i t a t i o n  l e t t e r  i s  appended t o  t h i s  report .  
Brucer e x p l a b e d  t o  the group that i t  was h i s  i n k n t i o n  t h a t  mithin 
the framework of the concract of the Oak Ridge Institute of  Phclear  
Studies  with the Atomic Energy Cozcission, and except f o r  those decis ions 
which must l c g a l l y  be made by the 3oard of Directors  of the  I n s t i t u t e ,  
the Teletherapy Eva lwt ion  h a r d  should have cocsiderable aLtonor?y ,and 
a s  complete a freedom as possible I n  d i r ec t ing  t. a iledical Div is ion ' s  
program of inves t ign t ion  of the te le therapy  pmklem. The l e l e  t l .arapy 
Board i s  a c t u a l l y  an advisory body t o  the Cedical P iv is ion  ana the 
recommendations of the Board rill be followed, x i t h  the one 2roviso 
that a l l  ac t ions  of t he  Xedical Division a re  subjzct  t o  the approval 
of the Board o f  Directors  of the Oak Ridge I n s t i t u t e  of IIuclLar Studies .  

2. O f f i c i a l  Kame for the Group. 

A 
D r .  

I 

There was considerable discussion of the ;Jroblem f o r  an o f f i c i a l  
name f o r  the group. 
Teletherapy Evaluation Board. b. Teletherapy Board. c. Oak Fidge 
Teletherapy Board. d. Radioisotope Teletherapy Evaluation Board. 
e. Cak Ridge Fadioisotope Teletherapy Board. The first vote e l in -  
i n a t e d  all except llatl and I'd". On the second vote,  r e s u l t s  were 11 
votes for and 7 votes  for rldfl .  

The following f i v e  names vere suggested. a. 



Recommendations : 

Dr. Kerman moved t h a t  thc name "Teletherapy Evaluation Board" be 
accepted as the o f f i c i a l  name for the  group, 
Jacox. The motion car r ied .  

This v;as seconded by P r .  

3.  PUIP ose of Group. 

After some discussion on the purposes for  the group, it was the  
f ee l ing  of the Board t h a t  a shor t ,  s ing le  sentence statement be d r a m  
up t o  serve as  the o f f i c i a l  s t a t ed  purpose of the  group. 

Recommendations : 

D r .  Kerman made the motion t h a t  the purposes of the Tel t therapy 
Evaluation Board be s t a t e d  2s follows. "To inves t iga te ,  develop, and 
evaluate  radioisotopes f o r  teletherapy'?.  D r .  Jacox seconded the motion. 
The not ion carr ied.  

4. Membership Requirements. 

There followed a discussion on the requirements f o r  nembership on 
the  Teletherapy Evaluation Bocrd. 
on the Telethercpy Evaluation Board i s  both E, gr iv i lege  and en obl iga t ion ,  
It cannot 'ce the in t en t ion  of the I n s t i t u t s ,  or  of the  Atomic Energy 
Commission by contract  with the  I n s t i t u t e ,  LO %ithhold menbership from 
any sec t ion  o f  thc corn t ry  o r  from any qual i f ied  person o r  i n s t i t u t i o n .  
There can be no in t en t ion  a r  suggestion t h a t  any design, development 
or construct ion d&ta o r  records be i n  any sense sec re t ,  o r  r e sb r i c t ed  
t o  a smll group. A l a rge  port ion of the funds for t h i s  prograa,  in- 
cluding i n  w y  cases the noney contr ibuted by the S t a t e  Univers i t ies ,  
i s  from public funds and it  i s  nmessa ry  t h a t  a l l  data  from t h i s  p ro jec t  
should be considered public property.  

It vias pointed out t h z t  rcpressn ta t ion  

, 

I 
/ 
I 

Even though it i s  not  the i n t e n t i o n  t o  make the Teletherapy Eval- 
uat ion Board a small r e s t r i c t e d  group, i t  i s  impossible f o r  t he  Kedical 
Division of the I n s t i t u t e  t o  maintain correspondence with a v e r y  l a rge  

! group of individuals.  If the membership were o-pned up t o  anyon2 who 
i cared t o  jo in ,  there  would undoubtedly be from 1CO t o  500 members re- 
i questing a d d s s i o n  from various pr iva te  organizations.  The only f a i r  
1 method of handling s u h  a problem is  t o  inv i t e  a l l  i n t e re s t ed  p a r t i e s  
I t o  j o i n ,  o r  t o  make a r e s t r i c t i o n  which i s  equally feir  t o  all szc t ions  

of the  country .  
schools and is  an organizat ion of u n i v e r s i t i e s ,  tho o r ig ina l  i n v i t a t i o n s  
f o r  pa r t i c ipa t ion  mre sen t  out t o  mcdical schools. 
the  f a c t  t ha t  the Board should be a non-restr ic t ive one and yet. must be 
a r e l a t i v e l y  small organizat ion,  the folloFiing motion m s  c a r r i e d ,  

Recomndat ions:  

I 
i 1 

Since the I n s t i t u t e  i s  d r e a d y  vorking tJith medical. 

I n  r ecogn i t ion  of 

D r .  Cooper moved t h a t  membership on t h i s  Board be l i n i t e d  t o  f o u r  
year  medical schools o r  sponsoring un ive r s i t i e s  of the 1 n s t i t u t . e .  
was seconded,% C r .  Tice. The notion carr ied.  

This 

It  vas recognized i n  the  discussion t h z t  some f i n s 1  date f o r  n e m k r -  
sh ip  should be set up s o  tLat the business of tile 3oard c m  be handled 

1 
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with a r e l a t i v e l y  s t a b l e  group. Dr. Nieset of Tulane, and o thers ,  pointed 
out t h a t  the formation of the Teletherapy Evaluation Bocrd hes been accom- 
plished very rap id ly  and much of the time f o r  f in21  decis ions w s  during 
the summer months when many of the schools were not a t  f u l l  Tarking cap- 
ac i ty .  
sen ior  adn in i s t r a t ive  pcrsonnel have been on vacztion, and it vas pointed 
out that many of the state schools a r e  working under very t i g h t  budgets 
and an expenditure of $2500 nus t  be mde with the spproval of d i r ec to r s ,  
t r u s t e e s ,  and higher administr; t i v e  o f f i c i a l s .  Such adn in i s t r a t ive  patters 
take t i n e .  It was suggested that the closing of tke mnbersh ip  l i s t  on 
August 8th night be unfair t o  c e r t a i n  i n s t i t u t i o n s ,  and t h a t  aclditional 
t i n e  should be allorJed. 
notion xas passed. 

The past  few months have been during a period ';;hen many of the 

Af t s r  considerable discussion,  the following 

Reconnendations: 

D r .  hhndeville made the  motion t h a t  membership f o r  thc Board should 
After t h i s  da t e ,  any addi t iona l  requests  be closed on Novenber 15th.  

f o r  membership must be r e fe r r ed  t o  the ex i s t ing  nemlbers. 
nenbers w i l l  be admitted by a n a j o r i t y  vote of the 3oard. D r .  EJcClure 
seconded the aotion. The not ion cc.rried. 

Additional 

dn addi t iona l  problem was jrought up concerning the T?cw school t h a t  
has j u s t  been formed i n  F lor ida .  
fFom being r e s t r i c t e d  are car r ied  out,  i t  vas f e l t  by the group t h e t  
t i i is  ncJu school a l s o  should 3e inv i ted  t o  jo in ,  

If our i n t en t ions  t o  keep the group 

&commendations: 

3r. ihndevi l le  =.de tht. iqotion t h a t  when new f o u r  year mcdical 
schools are formed, they should be sent  an i n v i t e t i o n  t o  j o i n  the Board 
and given three months t o  rdcc tr-eir dLcision. D r .  Kermn secondod the 
notion. The notion carr ied.  

5. O f f i c i a l  Representetives,  Consultants,  Etc., 

mi ~nt. . problem of o f f i c i a l  representa t ion ,  consultcntships,  2nd t h e  
pz r t i c ipe t ion  of other  ne:nbers of rzciotherapy depr tmc.n ts  xas then 
brought up f o r  discussion. 3r. Brucer s t a t ed  th:,.t he !;:oulC! l i k e  ecch 
oTf i c i a l  representat ive t o  suggzst 2 or  3 people f r o a  eacki school v;ho 
a re  k t e r e s t e d ,  and zho ~ o u l d  l i k c  t o  take an ac t ive  p r t  a s  consultants.  
I t  m s  brought out that no matter who had k e n  appointed by the nodical 
school administr2tion as the o f f i c i a l  representat ive , it was des i rcb le  
t h a t  a t  l e a s t  the r ed io the rap i s t  and the phys ic i s t  f ron  each school be 
inclLded as ac t ive  mn'oers on the te lz therapy  progran. 
t k i t  a t  l e a s t  one of these consul tants  be nzued as an alternate f o r  the 
o f f i c i a l  member so tha t  each nedical  school can keep an ac t ive  voice In  
a l l  of the  meetings, 
c o n s u l t a t s  t o  tile i b d i c a l  Division. 
meetings of the Telether-py Evaluztion Board, the expanses could be prid 
orily for the o f f i c i a l  representa t ive  or  h i s  a l t e rna te .  
meetings the expenses would j, paid only f o r  thosa wno had k e n  appoirited 
t o  the co rn i t t ee s  by the executive c o m i t t e s  of the Taletherapy Evaluation 
Board. 
s u l t a t i o n  must be corqleted by the  Chairnar. of the lledical F iv is ion ,  

It was suggested 

Thc;sc add i t iona l  consul tcnts  can k =.de regula- 
It vas pointed out t h a t  f o r  o f f i c i a l  

A t  committee 

Under the  terns of the consultcnt cont rec t ,  Q request f o r  con- 
The 
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consul ta t ion contract  can be used f o r  having expensos paid t o  r ec l ings  
i n  Gak Ridge, 
of c o n s u l t a t  cont rac ts ,  i s  t h a t  the  p r iv i l eges  of opsrat ing under the 
consul tant  cont rac t  mthod have not keen abused, and t h e t  i t  i s  a c t u a l l y  
a relaCuively inexpensive m y  of conducting business. 

The e x p r i e n c e  of t h e  kiedical Division, with f. l a r g e  nmber  

';hare was discussion as t o  consul tents  who a re  not mc-nbers of f o u r  
year medical schools, o r  of sponsoring i n s t i t u t i o n s  of the I n s t i t u t e .  D r .  
Brucer s t a t e d  t h a t  it i s  possible t o  put on a consultant contract  my 
person who q u a l i f i e s  as an expert i n  sone phase of tiie Kedical Division 
program, nr. h d r e n s  s t a t s d  t h a t  ho f e l t  t b a t  non-ncmber consultnnts 
should be l o f t  t o  the  d i s c r e t i o n  of t he  various conmittees of t he  Board. 

6. I n d u s t r i a l  Organization Pa r t i c ipa t ion .  

Several  questions tare  brought up regarding the  p c r t i c i p a t i o n  of 
i n d u s t r i a l  organizations rho  had no con-ections v i t h  ncdical schools but 
might be i n t e re s t ed  i n  jo in ing  thc Teletherapy Evnlur-tion Board. 

A .  S h a l l  i n d u s t r i a l  organizat ions bs a l l o w d  t o  have CL f o r m 1  connection? 

After considerable discussion it nas s t c t e d  t h c t  the answer t o  t he  question 
would have t o  be i E  t i e  negative, i n  vie? of the previous decis ion re- 
garding membership. 

B,  S h a l l  i n d u s t r i z l  organizat ions be a l io rxd  t o  conmibuto noncy? 

Tine group as a kholc has had considerable e x p r i a n c e  i n  de r l ing  with icd- 
u s t r i r l  organizations and ?;%re Llnaninous i n  t k i r  opinion t k t  i t  xould 
be improper for the I n s t i t u t e  t o  m c e p t  donations i n  the ncme of t he  
Teletherapy Evaluation Board. However, it nas f e l t  thr-t t he  reply t o  any 
organization mho should suggest ti.e contr ibut ion of funds, should be so  
worded as t o  express the  s ince re  opinion of the nembers of the Teletherapy 
Evaluation i3oard that the s p i r i t  behind such donations i s  oppreciated, 
and that th3  Board would !;-elcons t h e  a s s i s t ance  and s k i l l s  of such organ- 
izaticos.  It  xas emphasized that every s t t e n p t  should be nade t o  give 
i n t e r e s t e d  i n d u s t r i a l  organizat ions any 2nd d l  i n f o r m t i o n  they m y  wish 
t o  hzve on the progress of the program 

C. 
f ron  t ine t o  t i n e ?  

San s p e c i n l i s t s  I ' r on  i ndus t r i r , l  organizations bs ca l led  i n  consul ta t ion 

I t  was t h e  fee l ing  of the group t h a t  re  should take every adventage of t he  
kchnica l  a s s i s t ance  of m j r  q u l i f i o d  personnel, especir t l ly  t!<ose belonging 
t o  i n d u s t r i a l  organizstions.  D r .  F;eschzn recomnended chat i n a u s t r i a l  con- 
su l tants  ke h a d l e d  by c o a n i t t e e s  on a consultant br.sis. 

Fkcommendztions: 

D r .  McClure Fade the notion th:.t i n d u s t r i a l  organizations s h a l l  n o t  
be given membership on the Bocrd, mc! t h a t  no d o m t i o n s  be accepted f ron  
then, 
f r e e l y  a n i i a b l e  t o  any induszr ia l  orgapizetion. 
riotion. The notion ca r r i ed .  

Hovever, any i r , fornct ion regzrding the BcCrd's Tork shGuld be nade 
D r .  Fkeves scconded the 

k question was braught up by D r .  Eubenfsld about foreign consul tcnts ,  
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I 

I 

D r .  Brucer s t a t ed  t h a t  he d id  not think it  was possible t o  pcy the expenses 
of fore ign  consul tants  with U. S. Governmect funds. 
about the e x p n d i t u r e  of funds f r o m  the contr ibut ions of tile un ivers i t ies .*  
The expenses f o r  consul tants  from overseas a r e  considerable and it nppears 
t h a t  much of  the  consul ta t ion on matters of mutual i n t e r e s t ,  e spec ia l ly  
F i th  in t a re s t ad  persons i n  England, has a l ready keen and can continue t o  
be ca r r i ed  on by m a i l .  

He T:ES not c e r t a i n  

7 ,  Problems of F o r d  Organization of  the Boerd. 

D r .  Brucer suggested an outline regarding the o rgmlza t iona l  set up 
and pointed out t h a t  it was th purpose of nost  cf those prsscnt  t o  keep 
the organizat ional  pattern os s inple  as possible.  It was suggested that 
an executive coi.mittee of from 5 t o  7 peoplc be s e t  up as an over-al l  
pol icy nakicg and s t ee r ing  cormittee.  Under t h i s ,  there  should be s e t  
up a nmber  of subconnittees,  

(1. So-uce 3 v a l w t i o n  Subcornittee.  
(2.  Shielc! Design Subconnittee. 
( 3 .  Sna l i  33urce Design Subconnittee. 
(4 .  Rotational Le thods Subcornittee.  
(5. Housing Design Subcormiftsc . 
( 6 ,  Cl in ica l  Progran Subcorxittee . 

Recornsendations : 

D r .  Rubenfeld nominated 2r. Bracer E S  Chairnan or' the Executive 
Cornzittee. Cr. Guyton seconded the  notion. 3. Pxbeni'eid noved t h a t  
noninntions be cloeed f o r  Ckairnan s f  the Executive C J m i t t e e .  E..otion 
seccnded by Dr. J.aens. The not ion car r ied .  

Dr. Rubenfeld noved t h a t ,  i n  view of the  f a c t  t h a t  the group consisted 
o f  ind iv idua ls  who w r e  not fmilizz u i t h  esch o ther ,  or with the t o t a l  
problem, D r .  Brucer a c t  as C h i r n a n  Fro ten ,  and cppoint t h e  cormittee 
members. D r .  Cooper seconded the cotion. 
l i k e  t o  have help on the appointnent of the e;-ecutive committee. 
suggested t h a t  2s an  arnacdEent, t o  the notion, the executive corr;-nittee be 
nominated by 8 snell group of t h m z  present ,  t o  be criled the ncriinating 
committee , and t h a t  t h e  reco.mendetions of t h i s  coninr t ing  committee be 
voted on by the e n t i r e  group, The subccnrdttees shouid be  appointed by 
D r .  Brucer, i r i  cmwi i t e t ion  ~ t h  the executive c c m i t t e o .  
D r .  Rubenfeld accepted the xieridy.ent t o  the  notion. 

Cr. Bruccr s t a t e d  t h a t  he x u l d  
Dr. Nieset 

D r .  Cooper and 
Tha notion ccrr ied.  

Drs. Kerzm, Zacox, reeves,  F le tcher  and .cClure r e r e  ,selected f o r  
the non imt ing  corn i t tee .  
met duriiig the l u c h  recess  m d  repor t  t h e i r  rscomendntions z f t e r  lunch. 

It KE?S requested the: the r_onimiing corn i t tee  

The meeting zdjourned for lunch a t  12:30 p.m. 

* 
brought t o  t h i s  c c m t r y  n i t h  Governmnt funds bct, because cf t h e  l a rge  
anount of noney involved, 2 request  f o r  such a consul ta t ion r.G9iLd have 
t o  be backed up :2 th  cccsidaraSle evidecce f e r  i t s  m c e s s i t y ,  

Upon checking t h i s  point re k w e  found t h c t  f c re ign  cclnsultsnts may be ' 
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JLFTEFNOON SESSION: 

8. Elec t ion  or' Executive Connittee. 

The group reconvened a t  2:OO p.m. follorring a half hour meeting of 
the subcomnittee t o  noninate the executive cormittee. Dr. Brucer explained 
that the noninating subcommittee bad attempted t o  s e l e c t  en executive 
committee so  as t o  represent  a l l  pa r t s  of the country. Drs. Jacox, &eves, 
Tice , licClure, Guyton, and Kernan =re nonincted by the nominating committee. 

Recom.endations: 

D r .  lJandevil3.e moved that noninations be closed, and the nominees 
Dr. Andrew seconded be unaninously e lec ted  t o  the executive cormittee. 

the notion. The notion car r ied .  

9. Subcornittee Preferences.  

Dr. Brucer s t e t a d  t h a t  he vould l i k e  t o  knon nhich subcormittee held 
the g rea t e s t  i n t e r e s t  of each of the zernbers of the group sc that he could 
preprre recomenzations for the  executive connittee.  Tha r e s u l t s  o f  the 
p o l l  K e r e  a s  foiioTJs: 

(1. 1. Source Eval iz t ion  Subcomnittee, cnd (2 . 
D r s .  Eesehan, Kernan, Nieset 2nd Keens. 

Shield Eesign Subconnittee : 

( 3 . 4  Small Source Design 3ubconnittee: 3rs. ficClure, Reevcs, and 
@, Ri e me n s  c h e  ide r . 

(4. Rotational ::iethods Subcornittee : Drs. Rubenfeld, Jacox, Guyton, 
3,  and Nwnberger . 

( 5 .  Housing Cesign Subconnittee : Drs. Andrew, Cooper, Kandeville, 
q - a n d  Tim. 

(6.5 Cl in ica i  Pmgran Subcormittee: Drs. Cooper, &de, Eunt and 
Fle tcher  . 

I t  vas deci2ed t o  conbine Kos. 1 and 2 ,  Source Eva iwt ion  r.nd Shield 
Design, using one conc i t t e s  f o r  t o t h  pro'dens. 

10. Duties of Zxacutivz Connittee. 

Dr. h d r e n s  brought up the problem of the au tho r i ty  of the executive 
committee. 
mas s p e c i f i c a l l y  assigned t o  thc executive conni t tee ,  i n  a i d i t i o n  t o  such 
du t i e s  as m y  a r i s e  i n  the fu ture .  

After censiderable discussion,  the follor.Tng range of du t i e s  

1. To appoint subcomnittees. 
2. 

3 .  
4. Tc d e t e r d n e  publ ics t ion  pol ic ies .  
5. 
6. 

F inancia l  advisors  t o  the  Board .of Directors  of ORINS, on the 
u n i v e r s i t i  cont r ibu t ion  t o  the progran. 
To c a l l  neet ings of t he  Teletherapy Evaluztion Board. 

To prepare the LEC pro jec t  proposal. 
To  prepare the a g e d 3  f o r  board meetings. 
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Recommendations 

D r .  Indrens moved t h a t  the  comnittees be requested t o  act  on the 
items l i s t e d  above. D r .  Rieuenschneider seconded the  notion. The notion 
ca r r i ed  . 
11. General Discussion of Problens. 

The qucstion was brought up as t o  how members of the Board should go 
about subn i t t i ng  t r a v e l  expenses f o r  t r i p s  t o  Oak Ridge. D r .  Eruccr ex- 
plained thz3 f o r  the universit ies who have o f f i c i a l l y  joined the pro jec t ,  
the  consul tant  cont rac ts  of the o f f i c i a l  representat ives  nould bc processed. 
It vas pointed out that i n  vien of the f ac t  t h a t  w n y  of the  schools are 
on vacat ion sched-des, and t h a t  s ince  forindl ac t ions  could not be tcken 
k f o r e  the Lagust 8 t h  neeting, even though the decis ion had been imde t o  
j o i n  the Teletherapy Ev,duation Progran, t h a t  an a t t e a p t  should be made 
t o  pre-date the c m t m c t  f o r  the  individuals  a t t m d i n g  the present Eeeting. 
D r .  Brucer did fioz knov; rhe the r  he could do t h i s  but he s t a t e d  t h a t  he viould 
make an attempt t o  have con t r ac t s  prccessed f o r  a l l  the p a r t i c i p a t i n g  ne- 
bers. 
expense statemzts would be sen t  t o  the nenkers, toga+v:?er x i t h  the  ninutes  
of t he  me t ing .  

It v a s  pcinted out  t h a t  ex7ense f o r n s  arid i n s t r s c t i o n s  for praparing 

D r .  Brclcer s in t ed  t h a t  a copy of these n icu tes  3f the  first o f f i c i a l  
meeting m u l d  5e sen t  t o  the nenbers of til2 Ye le the rap  Evaluation Board. 
1, correspondence -,Jili be s t a r t e d  Gi th  the rienber3 of ths  cxeccltiva conni t tee ,  
i n  order  t o  ge t  %he c o c d t t e e s  s e t  up as soon as  possible.  
be mde  t o  ge t  a l l  subcom.it tees together  viithin the ncxt six nonths. The 
subcoamittee ne t t i ngs  should probably start soEe t i z u  next Koveaber o r  
Decenber. 

An attcinpt r i l l  

D r ,  RubenZcld brought up the question of giving in fc rna t ion  on tLis 
meeting t o  zeuspapers and tlx zethcd of u n i v e r s i t i e s  deai ing with t h e i r  
o m  pub l i c  r e l a t i o n s  da ta .  Dr. 3rucer stated t h a t  I l r .  Cixcn Johnson would 
prepare a s ta tenent  f o r  the  ORINS Newsletter, and ~ i o u l d  probably prepare 
a s t a t e n a n t  f o r  the press v e r j  shor t ly .  
l i k e l y  f o r  ti:e I n s t i t u t e  t o  zfutexpt t o  influence publ ic  r e l a t i o n s  pol icy 
of any of the m i - J e r s i t i e s .  
would be happy Lu3 c o o p r s t e  i n  thc prepcration of .any m t a r i a l  f o r  Lny one 
of the un ive r s i t i e s .  
following each 02 the var ious rcczings t h a t  n e  held a t  the I n s t i t u t e .  L 
nunber of nembers of the group expressed a des i re  t o  have the s t a t enen t  on 
the  meeting before it goes out  i n  gensral  circ7dstion. 

He s t a t ed  t b t  it  would be un- 

He rigs sure ,  hotlever, t h n t  ilr. Dixon Johnson 

Xr. Johnson u s m l l y  prepares a ncnspeper statement 

The s t a t s n e n t  by hir. johnson, f o r  t he  August 83-i rietting, is cppended 
t o  the minutes of this m e t i n g ,  

The e e t i n g  adjourned a t  approximately 3 : 3 0  p.n. 

APPENDED TO TI I IS  EPOfiT: 

1. Copy of o f f i c i a l  l e t t e r  of i n v i t a t i o n  f r o  
of F:eaical Schcols which indicated an i n t e r e s t  i n  =he Teletherepy 
Evaluztion Board. 

D r .  Po l la rd ,  t o  Deans 

2. Dixon Gohnscn's Xccs l e t t e r  s t a t exen t .  



Ju ly  29, 1952 

D r .  John 'ti, Doe 
R a n ,  College of Nedicine 
Blank University 

Dear Dr. Doe: 

The proposal f o r  a cooperztive e f f o r t  i n  research on a te le therapy 
r a d i a t i o n  unit by a group of i n t e re s t ed  ced ica l  schools an2 the Oak Ridge 
I n s t i t u t e  of Nuclear S tud ie s  ~7c.s described i n  D r .  ivfarshzll Brucer 's  l e t t e r  
t o  you of Phy 29, 1952. This l e t t e r  t ronsn i t t ed  p rz l ix inc ry  i n f o r m t i o n  
regarding the f o m t i o n  of a Teletherapy F ~ a l u a t l o n  Bcard cnd t h e  nature 
of the program t o  be carried.  out m d e r  i t s  guidmce. 

An exploratory neet ing of represenmt ives  of i n s t i t u t i o n s  in t a re s t ed  
i n  p a r t i c i p a t i n g  i n  such a j o i n t  r e se r r ch  progran QES held i n  Oak .%dge 
on May 15 and 16 and fur+Aer discussions :.ere held through July 13 f o r  
those individuals  xho could not a t t end  t h e  fray me t ing .  As a r e s u l t  of 
t h i s  neet ing and subsequent discussion with o ther  i n t e re s t ed  p a r t i o s ,  the 
I n s t i t u t e  i s  noN p r e p r e d  t o  proceed F7ith the fo rnc l  es tobl ishnsnt  of t h e  
Droposed Teletherapy Evaluation Board anu the h i t i n t i o n  or' the reseFrch 
progran t o  ke car r icd  out under i ts  guidance. The purpose of t h i s  letter 
i s  t o  i n v i t e  your i n s t i t u t i o n  t o  p a r t i c i p e t e  i n  t h i s  progran by riming a 
representat ive t o  serve on t h i s  Board and t o  cont r ibu te  t o  the cos t  of t he  
progran t o  the  extent  recommended i n i t i a l l y  by the  S o u m i l  Comi t t s e .  

It i s  expected t h a t  the p r s j e c t  n i l 1  cover c? F r i o d  of about th ree  
years. The I n s t i t u t e  proposes t o  undertake it under i t s  oparzting con- 
t r a c t  with the  Ltonic Energy Connission i n  t he  governi?.ent-os.ned f ec l l i -  
t i e s  a t  Onk Ridge vhich the Commission has nade csrailabla t o  the I n s t i t u t e  
for i t s  medical progran. 
progran which ar9 i a d e  cva i l ab iz  t o  t h e  I n s t i t u t e  f r o n  yenr t o  year by the  
Atomic 3nsrgy Coi n i s s i o n ,  togother with t h s  CGntribUtiOnS of the p a r t i c i -  
pat ing nodical schools, the I n s t i t u t e  r r i l l  endeavor under the  guidance of 
the Teletherapy Zvaluation Board to design, ccns t ruc t ,  nad tes t  2 prototype 
u n i t  a t  Oak Ridge. 1iEy such uni t  together  v,5th o t h s r  equipaent and mteridls 
r e l c t ed  t o  t h i s  prograffi w i l l  be vho l ly  the property of the  k i t e d  S t a t e s  
Governrwnt i n  the custody of t h s  Zns t i tu te  i r r e spec t ive  of the  ex ten t  t o  
which the  fund ;lade up of  contr ibut ions f r o n  the medical schools i s  enployed 
in defraying a po r t i cn  of the  cos t  of a c q u i s i t i o n  of such raterials and e q u i p  
ment. If t h i s  i n i t i a l  p h s e  of the prograrn i s  successful ly  conpleted, it is  
hoped t h c t  each ol the p a r t i c i p s t i n g  n e d i c d  schools n i l 1  x i sh  t o  procure a 
t e l e tne rzpy  =mit of i t s  o m  of the type developed by the 3oard, although no 

,*?. ; . i t l i h  the Lini tEt ions of funds  allocziblc t o  tlLs 
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expressed o r  implied commitment t o  do so i s  involved i n  acceptance o f  t h i s  
i n v i t a t i o n .  
evaluat ion of the unit under the  d i r e c t i o n  o f  the  Teletherapy Evaluation 
Boerd. 
be appl icable ,  a l l  da ta  and o the r  i n fo rna t ion  r e l a t ed  t o  t h i s  p r c j c c t  will, 
of course, be ava i lab le  t o  all nenbers of the  Boerd e t  a l l  times. F ina l ly ,  
the I n s t i t u t e  dli use i ts  good o f f i c e s  t o  assis3 the pa r t i c ipa t ing  nedical  
schools i n  developing t h e i r  ovm t e l e the rapy  program aad f a c i l i t i e s  i n  any 
appropriate  ways open t o  it. 

Those who do so would then p a r t i c i p a t e  i n  a j o i n t  c l i n i c a l  

L i t h i n  the l i m i t s  of nccessary sscuri ty  regula t ions ,  i f  any should 

If your i n s t i t u t i o n  decides t o  accept t i r i s  i n v i t a t i o n ,  it Rill be 
expected t o  contr ibute  t o  the support of the  ccnplate p ro jec t  the t o t a l  
SUE of Txenty-Five Hundred E o l l n r s  ($2,500.00). This m y  e i t h e r  be peid 
i n  full a t  the t ine of acceptance of t h i s  i n v i t a t i o n  bj check sad? cut  t o  
the order of the  Oak Ridge I a s t i t u t e  ~ r "  PJuc1ac.r StuCies, o r  it can bo paid 
i n  three yea r ly  ics tcdls ;snts  of $1,2Cc! nov:; $)SOO.CO i n  J u l y  1953; 2nd 
$500.00 i n  July 1954. h l l  contr ibut ions so  received nil1 be pleced i n  2 
s p e c i a l  fund which vdll bz used by ths I n s t i t u t e  c ~ L y  f o r  defraying c o s t s  
incurred i n  carrying c u t  the tele tharapy rescarch ?,rcgran. i c s t i t s t i o n s  
contr ibut ing the t o k l  acount of 42,500.CO noT; rill be e n t i t l e d  t o  repre- 
s en ta t ion  on the Teletherapy Evaluation Board throughout the l i f e  af the  
pro jec t .  Those contr ibut ing i n  accorecnce with the  above s c h e d d e  of an- 
nual contr ibut ions xi11 ke e c t i t l e d  t o  reFresecfnt ian on the Sortrd cnly 
during the pear l o r  Yiliich the  ccn t r ibu t ion  i s  E:.& uitil the fui l  mount  has  
been paid,  a t  vhicn t i n e  rcprosentat ion x i l l  'CC Tor thz l i f . 2  of the pro jec t .  

- 

In  accepting t h i s  i n v i t a t i o n  you should 3 s o  i.iS+mz ne o f f i c i c l l y  o f  
your appointnent o f  rzpresentct ive t o  s i t  on the Tsietherapy Zvalucltion 
Board. 
8, 1952, a t  9:OO L.X. i n  t he  Conference Roo-, of the k d i c a l  Division o f  the  
Ins t i t u+ ,e  i n  Oak Pddge. 
and o the r  ncetings of t he  Board v.511 be paid. by the  I n s t i t u t e  i n  accordance 
with the te .ms  of a standard con t r ac t ,  a copy o f  vhich i s  a t tached ,  which 
w i l l  be executed rrith -3ach nenber or' this Board. 
i c a l  Division, Dr. hlarshdl  3rucer,  \ T i l l  serve ~ . s  secretary of the fe le-  
therapy Evaluation Board. Upon reques t ,  h i s  o f f i c e  r ; i l l  nake t r a v c l  2nd 
t r anspor t a t ion  arrsngenents and h o t e l  resgrvct ions f o r  the menbcrs. 

The first m e t i n g  of t h i s  Soard is  being ca l led  fc;r Fri?ay, h g u s t  

Trove1 expenses o f  represantet ives  nttoncling t h i s  

The Chairmn of the  Xed- 

The o f f i c e r s  of thc I m t i t u t e  h o p  tSet you %-ill fin?. i t  possible 
t o  accept  this i n v i t a t i o n  and t o  j o i n  .F7ith us an6 viith the o the r  schools 
represented on the Bcard i n  carrying out t h i s  very p r x i s i n g  pro jec t .  I 
shall look f o m a r d  t o  hearing from you i n  tha  near fu ture ,  

Sincerely yours, 

b i l l i a n  G .  l o l l a r d  
Ex.,: cut ive Dire c t  or 



Note t o  Board Menbers: This  i s  a suggested release only. 

Please make changes which my appcar desirable t o  you. 

o ther  board members have a copy of the sece n a t e r i a l ,  i t  should 

receive no more t h m  a stefeixide re lease ,  o r ,  i f  tno  cooperating 

medical schools rare located i n  the sane state,  perhaps o n l y  a 

l o c a l  re lease.  

your style. 

Since 

The quotes p a r t i c u l a r l y  should be changed t o  suit 
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L new approach t o  the  use of atomic energy products i n  cancer treat- 

and other uedical. -- nent w i l l  be undertaken by 

schools i n  cooperation with the Oek PLdge i n s t i t u t e  of Nuclear Studies. 
(?Tam of School) 

hzs j u s t  returned from Oak ---- -- 
(Name & t i t l e  of person at tending nee t i n e )  

Ridge, where he par t ic ipa ted  i n  the f o r r a t i o n  of o Telotheropy Eva lwt ion  

Board vhich w i l l  test new multi-curie rad in t ion  sources, now becoming 

avz i lcb le  f o r  the f i rs t  t i n e  through the na t ion ' s  a t c n i c  energy progran, 

(Telc thcrapy mans  t r ea tnen t  of cencer by externally-applied rc-diatlon) . 
D r  . - !.Jill sGrve :LS a nembcr cf the Board and as  n 

menber of  the subcoimittee cn 
c_ 

The three r ad ia t ion  SLJurces Tihich the  Board ray t e s t  2re cesiun, a 

sodiun-like mte r i c l  vhich is one of thc  products prodwed when uranium 

atoms s p l i t ;  ccba l t ,  a n e t a l  sf the  Irar, f e n i i y ,  ani? europiun, one cf the 

so-called ra re  ear ths .  Cobalt and europium are nade radioact ive by neutron 

bonbardrnent i n  uraniur, reac tors .  

Dr . precllctcc' t h a t  the cp-xamnce of new 

rad ia t ion  scu rces  t;osld ke a poirerful s t i s i l u s  t o  cencer rcsL,nrch m d  

t r ea t cen t .  "Lhile they  o f f e r  ccj r cd ica l ly  nebi type cf t reatnezt" ,  he 

sa id ,  "new rcidiaticn sources cculc! imke suyfir-voltage therapy :.Jideiy 

ava i lab le .  

deep-ssated cancs rs by r a d i e t  ion. 

Super-voltage therapy i s  necessary t o  t r e a t  m n y  types of 

I n  discussing tiie prcgrcn, I3r. pointed out t ha t  

r ad ia t ion  an< surgery ?.re s t i l l  the tvo 

with early diagnosis a m j o r  elenent in 

type t rea tnent  mould be of grea t  value. 

( ixre)  

p r inc ip .1  t r e a t r e n t s  f o r  cancer 

e i t h e r  ccse, sfinerrtents i n  e i t h e r  
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iis present ly  planned, the Board w i l l  autLorize the building of a 

s ing le  te le therapy u n i t  a t  Oak Ridge vhich v c i l l  undergo comprehensive 

tes ts .  hs the bugs are  worked out of t'riis ui t ,  ce r t a in  of the p r t i c i -  

pat ing nedical schools dll purchase u n i t s  f o r  a conplete t e s t i n g  progran. 

At the end of tids p k s e ,  the wit nouid be ready lor production 2nd general 

use i n  cancer therapy. 

The pr inc ipa l  advantage the new rad ia t ion  sources m y  have over x-ray 

o r  r3.diu.u therapy rere l i s t e d  as: 

1. Czsium, ecropium 2nd cobal t  hnve pomcrful rad ia t ion  beans of very 

high energy and of e s s e n t i a l l y  a s ingle  rave length which penetrete  t o  

deep cancers with a ninicun of damge t o  intervening t i s sue .  (Super- 

voltage x-rays have vorying weve length ,  r e su l t i ng  in  axcessive rct l ia t ion 

t o  normal t i s s u s s ) .  

2. Sources ::any t i n e s  3s poverful as  rzdiun can be used i n  t r ea t cen t .  

(Cobait  end cesiuii. arc  ::bcut 25 t i n e s  its povie:rfiL as l i k e  cziounts of 

radium, while aurcjpiu,, i s  several  hundred t ims  ;IS ?oner fu l ) .  
--. c -1--_, 

3 .  Unliinitac! sources v ; i i l  beconc avci lablo within a years  corpnred 

t o  present ly  scarce radiucl 2nd super-voltage x-rays. (Oniy a fem 

super-voltage x-ray mchines  s r e  i n  w e  1 .  

- 4. &en ckvclcpncnt problens are  l i c k s 6  ( the 

and other  nedical  schools are X e t i n g  devdopnent cclsts cospe ra t ivdy)  

thc cost  of units should be f n r  l e s s  than e i t h e r  x-ray G r  rcdiun 

nachines of conparable poner. 

5. The r e l a t i v e l y  la rge  anount of rzdioac5ive scurce mterial t c  

become a t n i l a b l e  will p r m i t  e n t i r e l y  new types of r ad iz t ion  t h e r a m  

uachines t o  be devised. 

?he TeletherzTjr Zvciuotioc 3oard i s  studying ;ne type nhich my have 

as nuch as 7500 cur ies  of cosiun 2 s  the  rad iz t ion  smrce.  
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Many ways qf using the var ious sources of energy a r e  being discussed. 

The engineering problems nus t  be solved t o  rake bes t  use of the  cdvantages 

of  each isotope. One type of un i t  dlscassed. u t i l i z e s  a r o t a t i n g  bean t o  

give a g r e a t e r  dcse of r a d i a t i o n  t o  the  tumor than t o  o ther  body t i ssues .  

It  w i l l  be several years  before these  new teletherapy units ore  gen- 

e r a l l y  ava i l ab le  f.jr therapy be cause of developmental prcblems , D r .  

sa id .  A cesium source i s  expected t o  be nvaiiable by next spr ing ,  

and cobal t  sclurces :dl1 becone avgi leble  i n  1954. Since cesiun i s  a f i s s i o n  

product, it i s  produced by separat ing cesiun from other  f i s s i o n  products 

i n  the reac tor .  Both s o b c l t  cnd e u r c p i m  a r e  Froduced by neutron bonbard- 

nent i n  a raactor.  Since ces iuz  i s  e s s e n t i a l l y  2. Taste pmduct  of a t o n i c  

energy, i ts  long-term prospects a p p m  very b r igh t ,  although cobal t  sourceis 

i n  quan t i ty  a re  expcc-lcd n i t h i n  the next ~ G T :  ywrs and i t s  short-terr, 

prospects a r e  be t t e r .  T k  prodnctior, cf cobal? cd. eurcpiun saurces i s  

dependent on much w a n i m  reclctor t i z c  b c c m k g  c2-JEilable f o r  t h i s  pur- 

pose. 

The foliowing nedical  schools 2rf: p m t i c i p a t i n g  i n  ';he tcla therapy 

program : 

Sown,-.n Sraj. School sf !:edicine, '. zke F c r s s t  Ccliege 
;ledical Collage ?f Virginia 
University of Eiiss i ssi ppi 
Columbia Univarsity 
University of LLrkansas 
University cf  3 1 ~  brcrska 
Duke University 
Enory University 
Kedical College bf the  Stz-ta University-Tf ?:et: Ycrk, Syrccusc 
N e w  Y x k  University - Sellevue Ledicsl  Cmter 
University o f  T 3 x a s  
TJniversity or' Kanses 
7ande r b i  1 t Uni ve r s it y 
i in ivers i ty  cf  Tennessee 
University SI L s u i s v i i l e  
1.1. D. Anderson %mer H o s p i t a l  
Xedical College cf  d s t b a n ~  



YLnutes o f  t h s  Meeting of  t h e  Executive C o x i t t e e  
of the Teletherapy fi'valuation 2oard 

Held a t  tha Gak ?&?e I n s t i t u t e  of  h'uclear Studies 
.hb?ical Division Library,  Oak Ridge, Tennessee 

25 January 1953 

The Executive Committee of the  'i'e1etheraF;T Xvaluation Board 
convened a t  1O:OO a.m. Sunday, 25 January 1953 with t 5 e  following 
members i n  attendance: 

Marshall W c e r  , M.D. (Chair-an)  
Oak Ridge I n s t i t u t e  of  l h c l e a r  Studies ,  Inc. 
Medical Division 
Oak Ri6g6, Tennessee 

Iierbert D. Kerman, M.!). 
Department o f  Radiology 
University o f  Louisvi l le  
Louisv i l le  Gntucky 

C. C. McClure, M.D. 
School of  Msdicine 
Vanderbilt University 
Ihshv i l l e  Tennessee 

3oSert  Reeves, I.1.D. 
Professor of F b ? i ~ l ~ g y  
Duke University 
Durham, I k r t h  Carolina 

Sidney ?.uSenfel2, M.C . 
Associate C l in i ca l  Professor  of  T3adiologg 
New York Univarsity P o s t  Graduate Medical School 
New York, New York 

Galen N. Tice,  X.2. 
3epartnent o f  Radiology 
School of  :hd ic ine  
Universlty of  Kansas 
Kansas City,  Xansas 

br thur  C .  Guyton, Y.5. (s'ssent due t o  i l l n e s s )  
School o f  Piedicine 
University or? Kiss i s s ipp i  
University , Miss is  s i pp i  

1) The f i r s t  item on the  agenda was a raview by Dr. Serman o f  
h i s  obsmvat ions t h a t  t he re  was sone confusion concerning the  aims and 
plans of the  Teletherapy Zvaluztion Poard .  Je sugTasted t h a t  a s t a t e -  
ment from the  & a r d  be published i n  one of the  3 a d i o l o g y  journals. 
Kerman then read a statement which he had Seen asked. t o  prepare a s  a 
suggestion for t he  3cecutivc; Cornittee.  TherE was some discussion of  
t he  statement and a numbcr of minor rev is ions  wzrc made. D r .  Rubenfeld 
moved t h a t  Dr. Kcman's s t a t a sun t  be acc8=pted a s  ravised.  Tha motion 

Dr. 

- 
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- 2 -  

was szconded by 3r. llcClura and passcd by the  Committee. 

2) There was some discussion concernir.7 tha  method of publ ica t ion  
and under whose nax it should be published. 
staterncnt be submittcd t o  D r .  Doub, t he  e d i t o r  of Radiology, as an e d i t o r i a l  
statement preferably u i thou t  s igna ture .  If a signaturo on t h e  o d i t o r i a l  
was dosirad by the  e d i t o r i a l  committee of  t h e  jou rna l ,  thzn it bz signed 
by Tsr. k c e r  as Chairman of  tho  Z h c u t i m  Conqittce. Thc motion was 
sccondccl by D r .  %eves and passod by t h c  e n t i r e  comrcittoa. 

&. Karmn novcd t h a t  t he  

3 )  Pr ior  t o  the  rneeting a "standard proposal for a n  A% contract ' '  
ha2 been s e n t  t o  each rne:nber of  t he  Com5ttee.  The second i t a n  on th?  
agenda was a discussion of t h i s  standard pro?osal. 
discussion, whic'n i s  simmarised as folLows : 
t h e  proposal should be revised t o  reinove a l l  statements vkich would  l e g a l l y  
Slnd any university t o  a s p e c i f i c  c o s t .  
un ive r s i ty  is d i r e c t l y  bound t o  a cos t  should be s t a t e d  as a cos t  t o  be 
'2orne f r o n  sources o thz r  t han  AEC. 
proposal be changed t o  f i t  t h e  s t a t e d  purt;ose of the T29. Thiy wns 
approved . 

There was conaideraSle 
The co.mlttee suggested t h a t  

Tor exzmple, statements where t h e  

It wqs suggeste? t h a t  t h e  t i t l e  o f  t he  

llr. McClure presented a pronosal  w i t t e n  t o  f i t  Vanderbilt Univer- 
s i t y  and. gave h i s  perniss ion t o  use h i s  prcpossl  3s 3 type exmpla  of a 
f o r m t  t o  be followed by a l l  p w f i c i p a t i n g  un ive r s i t i e s .  It WES suggested 
t h a t  t h i s  type axc.np1.e be submitted t o  A S  u n o f f i c i a l l y  f o r  commsnt, 2nd 
following the  suggestions o f  the Comission r_ reworded stetsme3t shoal2 be 
nineogrcphed 2nd submitted t o  avsr;y msnber or" t he  ?Z3 f o r  t h e i r  c r i t i c i s a s .  
&ch member shoulc! Se g i v i n  zpproximately onp, nonth t o  r e t u r n  +Ae proposa l  
with any suggestzd m c n d m n t s  o r  ckanges. 
t he  proposals a revisad proposzl should be resubpi t ted t o  t h z  Ekecotiv.3 
Committee a t  thp_ June mseting. 
tablzd unt i l  t he  Juno m a t i n g .  

Fallowing thz r o t u r n  or" a l l  or" 

Approval o f  t h s  f o m  f o r  t hz  proposal was 

4 )  A reviaw of  t h e  dzvdopment of  thc k n c s  Contrzct m d  tho 
p r o p e s s  t o  dn te  on thc! construct ion o f  the p r o t o t y p 2  ;;lachins :as thcn 
brought up f o r  discussion. 3o l lowics  8 c'iscussion cf t l x  probl-.ms con- 
cernad i n  ncgot ia t ing -3. coctr-ct  m? c i r ry inq  it through t o  conplc.tion, 
D r .  Ticc n ~ d s  a motion t h a t  t ha  Charimm o f  the Exccutivc Conmiftx 5: 
given f u l l  gu tho r i tg  t o  proccsd with tha construct ion of  t hc  p r o t o t p c  
model, without f u r t h c r  r c f , : r rd  t o  t h z  C o m i t t x  c=-xca?t f o r  i r i foraet ion 
?urposcs. Thz motion ' a s  sccondcd by D r .  Rc:vcs end. vas epprovzd by thz 
x t i r c  Comiilittcz. 

5 )  Dr. Srucer >rou?ht up f o r  discussicn i? nuxber of l e t t e r s  t h z t  
had bean w r i t t e n  Sy n u b e x  of  t h e  T D  mr3 o the r  i n t e re s t ed  individuals  
concerning individual  problem i n  the  construct ion o f  t h e  prototype nodel. 
A number of persons have =de very thorough znalyses on t h e  problems of 
r o t a t i o n a l  corhrol  and o t h a r  desira 'ale f aa tu res  which m y  OF may not be 
added t o  t h e  prototjrpe design. 
h p l i c i t  i n  the  i n s t r u c t i o n s  s l r e e d y  ziven t o  t h e  Chairmn o f  t he  Zxecutive 
Cornittee,  i n  order  t o  c l a r i fy  sny nisun?erstendinq, D r .  Eiseves made a 
motion that t h e  Chzirmn be allowed i o  ask zny exceptionally in t e re s t ed  
persons t o  go t o  2oclCford with h iT  vhether or not they a r e  xem5ers of t he  
Teletherapy Board t o  corisult on individual  problems of  dasign and con- 
s t r u c t i o n  2nd t o  see t h e  p r c e e s s  or" t h e  constrnction o f  t ho  nackine. 
C r .  McClure seconded the  m t i o r ,  en3 it was passac! by t he  Connittee. 

Altkouqh it wzs f e l t  t h e t  it w a s  a l ready 
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6 )  Thz Zxacutive Committee then -dent through 3. d iscussion of t h e  

recornendation f o r  membership on the  subconnittees.  
as s t a t e d  in t he  29 Dclcenber 1952 l e t t e r  t o  t h e  Zxscutive S o m i t t z z ,  WQS 

approved 2s it s tands  with t h e  excention of  t he  subcami t t s e  on tha  
Cl in ica l  Progrm, D r .  Eaeves novzd t h a t  t he  subcomi t tez  manbership, as 
stEted i n  the  December 29th l c t t o r  t o  thi., Exccutive Cormittee, bc approved 
as m i t t e n  with t h e  exccption of  t h 3  C l i n i c a l  h - o g r m  SuScoi.mittec. 
f u r t h e r  mved t h a t  D r .  Bruccr bo made Ch_?irnen of each o f  thcse  c o r x i t t m s  
and be i q o w m e d  t o  call such nect ings of  ~2i:sc groups as hls s m  f i t ,  
The not ion  was seconded and passzd unanimously. 

Tha nembership l i s t ,  

Bc 

7 )  Tha problcn of t he  f i f t h  subcomi t tca  on tlic Cl.iaical Program 
was then brouzht up fo? discussion. 
t h a t  t h i s  Clillical i ? rog r s  Subcomi t tce  bo se t  up as 2 c c n t r c l  s t o s r i n g  
c o n i i t t c e  which would cvcntual iy  expand t o  a c o m ~ i t t n ~  o f  t h c  c n t i r c  T'EB, 
It vas emphsized tht %he d u t i e s  of this  subcommittea shocld be p r i m r i l y  
t o  organize the  scope and e a r l y  phases of  t h s  c l i n i c d  progrm. 
tlia naxt year  t h e  C l i n i c a l  P r o g r m  SuScomaittee shoul?  organize s n  agends 
and clake racomenaations t o  the  en t i r e  manbership. It was suggastid thzt 
the  f i n d  decis ions i n  t h e  C l i n i c a l  P r o F m  should probably be vatod on 
by t h e  e n t i r e  membarship of  t h e  Soarc?. 
d u t i e s  of t h 3  C l i n i c A  ? r D g a  Subconmittas it wzs swgas tad  th-t  Its 
mmbsrship be somewhct l n r g e r  thnn 5het o f  t h e  o the r  co rn i t t ee s .  Pr .  
aubenfled made t h e  not ion th-5 t h e  Zxacutiva Coi7mittes be mcnbsrs cf  t h z  
C l i n i c a l  Progrm Su3codt tE .z  ax  o f f i c i o ,  
FoUowinq considcrsble discussion t h e  not ion snd szcond wzs withdr-own zn? 
. m e n d 4  by D r .  Rubenfclrl t o  read "thk mcabars of t h e  Zxocctiyre Sorimittes 
Sa mmbsrs of  t h z  C l in i ca l  Program Subcormittcz!'. xot ion 2s mznndcd 
was socondad by D r .  Rssvas 3rd pess2d by thz  c n t i r e  3kecui;ivc ConnittLc. 
Following considorably discussion on furthr subconnittcs n>nbership, the  
follqwing members were suqgestod as incnbers of t h a  C l in i ce l  P r o g r z  Sub- 
c o m i t t a e  in add i t ion  t o  t h e  Exccutiv3 Comittec?: 

It w a s  svggestzd Sy Dr. Flubxifold 

During 

%causa o f  t h e  iiiportance of t h e  

This W ~ S  s a c o d s d  by D r .  ?.eaves. 

3obZrt J. Andrcws, ivI.D. 
E o w n  Gray School of McdicLne 

Gi lbc r t  3. Fl?,tchcr, i4.D. 
M. D. h d x s o n  Eospit.?l 

3. 3 .  Zunt, X.D. -- dn ivc r s l ty  o f  NZbr2ska 

Iszdorn Meschm, M. I). 
Univcrsity or' .4r!;anses 

Martin Sclmzidcr, M.D. 
Univcrsity of  Tzxzs - Hcdical 3rcnch 

Dr. Rubcnfold m d c  1- Eotion t o  37provc t h i s  add i t iona l  l i s t  which was 
sxondcd by D r .  3;cvss and psss-,c! by t h e  &ccutiv=: Co .d t t c2 .  

Aftsr cons idxzS lc  discussion t h c  3oard 2ccidcd t o  sppoint a 8 )  
C h a m  of t h z  Clinical  P r o - y m  Su5conr:ittzz. Dr. iCxmnn moved, D r .  
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Rcovas secondcd, and thn, hosrc' votc6 t o  appoint Dr. Rubcnfzld Chairmn o f  
t hz  C l i n i c a l  Subcormittee. 

9 )  D r .  Brucer was asked by t h e  f i e c u t i v e  Coa l i t t ee  t o  send out  a 
statement of  t h e  approved memberships on subcoaTAttees. 

The question o f  da t e s  f o r  t hese  subcorni t tea  meetings was then 
brought up. 
cormittee meeting toward t h e  end o f  each month frori  now un t i l  June so 
t h a t  t h e  e n t i r e  membership can p a r t i c i p a t e  i n  t h e  p r o p a n  j e f o r e  ty-e zext 
meeting o f  t h e  e n t i r e  membership o f  t h e  Teletherapy Evaluation board.  
t h e  l a c k  of tima, it may be necessary t o  s k i p  t h e  February meeting and !lev? 
two meetings i n  one nonth. D r .  3rucer was given at l thori ty  t o  s e t  t he  meet- 
ing  toward the  end o f  each month f o r  a l l  o f  t h e  subcomi t tees  excspt t k s  
C l i n i c a l  Trogran Subcommittea. 

It vas pointed out  thz-l w e  should attamp% t o  hsze on8 sub- 

For 

The da te  f o r  t he  sacon? annual m e t i n g  of t he  Teletherapy Evaluation 
This should be a one day meet- &e.rd i s  s e t  f o r  t h e  11th of  gctober, 1453. 

ing,  m d  on t h e  10th  of  October t h e r s  shoxld be a h d f  day m e t i n 5  of t h e  
3kecutive Conii t tee .  
s c i e n t i f i c  s e s s ion  -nay be s e t  f3r the  L2tl-I os" October. Thesc dates are set  
as a tez tc t ivz  schcdulo f o r  considzrat icn cliiring the  naxt two months. 
t hc rz  81'3 no s s r ious  object ions by tte en2 o f  Xarch thc  scheCulz w i l l  auto- 
mzticallp bccona tho  o f f i c i z i  da t a s  f o r  the a r f iu l  rnzeting of  the  Tclz- 
thzrapy 3mlua t ion  2ooard. 

If' it sppcars  c 'as i rabls ,  l a t a r  on in 'hc y s ~ ~ ,  a 

If 

10) Thcre w c s  smc  discussion on the  dztcs f o r  tho next z x t i n g  
of t h e  Zxccutivc C o m i t t z s  and f o r  z h ~  zxxting o f  th: Zlinic,ll Pro-qxm 
Subcomit tcc .  Sincr? thc  Ekocutivc Coa-nittcz nust a t t a d  5ozh or" theso 
xncntings it w c s  dacidcd t o  hol? t h  two ;~,a:>tings on succ?.sding dsys i n  
Jun:. 
place i n  New York i n  conjunction with th:: AHA n x t i n g .  It v%s pointed 
out  that i n  o r2c r  t o  ho13 a m c t i n g  o f  t h i s  3 0 s d  away from 3ak 4idg.z it 
n igh t  be n x c s s a r y  t o  g e t  pcrniss ion f r o z  thG Exocutiv:! a i r a c t o r  o f  t h c  
I n s t i t u t e .  D r .  3ruccr i n s  zsk-cd t o  i nqu i r e  whz thx  it would 5c possibl?  
t o  hold th*; ncn,tings of th.2 two c c r n i t t c z s  2.t 3 c w  York University Sciiool 
of  Xodicinc a t  thc: tirlc o f  t h c  AXA zc2t ings i n  IJzw %rk City, 2nd t o  r o p o r t  
t he  dec is ion  by mil. 

D r .  Rubenfold suggcstcd t h a t  hc riy bc 2Slc t o  Lnrmgz ?or  8 m e t i n g  

Thz nczt ing WQS adjournod 2.t 12:15 p a .  f o r  1 ~ z c h .  Th:: nacting 
r3convank2d a t  1 :&5 p .E. 

11) Thc f i r s t  pro5l:x brought a p  d w i n g  th: zftornoon szssion w a s  
thz q u x t i o n  o f  t he  wr i t i ng  of -?. s c t  o f  bj.lzws ?or t h c  ;.,mbzrship as 3. 
xhole. It was f s l t  that  t5is would be a Zesirabla fsature t o  c le rYy t h c  
r e l s t i o n s h i p s  Gf d l  pzrtics and th: I n s t i t u t e .  D r .  X x x n  mdc s c o t i o n  
t-ht E r .  Sruccr 7rapZrc a s c t  o f  Sykws f o r  t h s  -.pprovcl of  t h c  Emcutivc 
C o n n i t t x  a t  tha  June mccting. 
was passcd by th: c n t i x  eomittcc. 

Dr. % i b c n f ~ l d  sccondcd t h c  riotion and it 

12)  S o m  ccw d a t a  on th2 c h z r a c t z r i s t i c s  o f  x r o p i u q ,  2s coxun i -  
m t z d  b:r 3r.  V. S. 3?stvood, t h c  A t x i c  E x r g y  l i e s2azh  Z s t n k l i s h c n t ,  
S-.rmll, England, was przscritcc! t o  tkc 2 c c c t i v e  Comit tee .  
m c e n t  discussions with k. Xebersold of t he  J.S. Atonic ker,gy Comission, 
Isotcpes Division were zerhioned. Following a discussion of the 7ar locs  

Sone o f  tine 
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sources which could be used i n  t h e  prctotype z o d e l ,  
not ion t h a t  t he  I n s t i t u t e  be encouraged t o  authorize the  S r n e s  Zonpany 
t o  s tar t  on the  construct ion or' t he  europim o r  cobal t  sh ie ld  t o  f i t  
t h e  prototype machine as soon as poss ib la .  
and passed by t h e  Gomiittee 

Cr. 3eeves aade a 

This was seconded by Dr. Tice 

The aee t ing  adjourned a t  3:30 p.m. 

&rshall &-mer, i.i.D. 
Chairman 
2xecut Pre Cornit t ee 



Members present: 

Dr .  Marshall 

Dr .  Isadore IAeschan Members absent: Dr. Frank Hoecker 
D r .  Herbert D. Kerman 
D r .  David S, C a r r o l l  
D r .  Stephen H. Fieems 
Dr .  John Tolan 
D r ,  Carl E. Nurnburger 
D r .  Iviarshall Brucer 

Brucer opened t h e  meeting with a discussion on the  d e s i r a b i l i t y  
and a v a i l a b i l i t y  of sources. 
h a l f - l i f e  and a spec i f i c  a c t i v i t y  of approximately 240 cu r i e s  per cubic centimeter,  
would be ava i lab le  fo r  a few persons s i t h i n  t h e  coming y e a .  
be a p o s s i b i l i t y  of t e n  sources per year ava i lab le  the rea f t e r .  
ca l cu la t ions  on t h e  c ros s  sec t ion  of europium152-1% by Dr. Brucer and  others  
a t  t h e  Oak Ridge National Laboratory were reviewed and compared with ca lcu la t ions  
by D r .  Eastwood of Hamell, England. D r .  a rucer  revieaed t h e  neutron capture 
and decay c h a r a c t e r i s t i c s  of europium while i n  t h e  r eac to r  flux and pointed out 
t h a t  t h e  ca l cu la t ions  d i d  not agree viith observed data. It was pointed out t h a t  
las tes t  ca l cu la t ions  shov; t h a t  t he  europium isotope has an approximate h a l f - l i f e  
of 12.4 years .  
sources of europium i s  now a t  a s t a n d s t i l l  pending f u r t h e r  s tud ie s .  Cesium 37 
with approximate s p e c i f i c  a c t i v i t y  of 95 cu r i e s  per cubic centimeter was reviexed. 
D r .  Brucer pointed out t h a t  cesium i s  probably t h e  one isotope t h a t  eventual ly  
w i l l  bc r ead i ly  ava i l ab le  i n  very l a rge  quan t i t i e s ,  due t o  f i s s i o n  products soon 
t o  be ava i lab le  from power and research rcac tors .  
and a v a i l a b i l i t y  of each isotope, it vas reconmended t h a t  each un ive r s i ty ' s  
proposed con t r ac t  with the  Commission specify C060, Eh152-154, or Cs137 xhichever 
is  ava i lab le .  
immediately on t h e  submission of formal appl ica t ions  f o r  sources.  

It was estimated t h a t  cobalt60, with a f i v e  year 

There appears t o  
The ear ly  

""9 Dr .  Brucer s t a t e d  t h a t  t h e  procurenent and r ad ia t ion  of 

I n  summarizing t h e  d e s i r a b i l i t y  

Also, it vas stated t h a t  t h e  Exccutive Comnittee should decide 

The second item on thc  agenda \.as the  design of t h c  experimental prototype 
Dr. Brucer opened the  discussior! on t h e  design of t hc  un i t  by reviecing unit. 

the  functional.  requirements of t h e  u n i t  which necess i ta tcd  a 93 or 10 f e c t  
c e i l i n g  height ,  
i n  t h e  cur ren t  design, one of which vias t h a t  a t a b l e  l i l l i t e d  t h e  f i e l d  of EO- 
t ion t o  less than a f u l l  360 degrees, Khereas, a cha i r  used during r o t a t i o n a l  
therapy ~ o u l d  not limit the f i e l d  of movement. Also, i t  vas pointed out t h a t  
a s i n g l e  support f o r  t h e  uni t ,  such as the  GE support ,  would not  bc: s t ab le  enough 
f o r  r o t a t i o n a l  therapy, 
a movement t o  v:ithin fourteen inches of t he  f loor .  D r ,  liurnburgcr questioned the  
necess i ty  f o r  t h e  m a x i m u m  motion and u t i l i z a t i o n  provided f o r  i n  t h e  design and 
it mas pointed out t h a t  t he  present unit i s  an experiinental u n i t ,  therefore ,  
should be designed r i t h  m a x i m u m  possible  movements; and once the  preliminary 
s tud ie s  have been complcted, it voul? be a simple matter t o  omit some of t h e  
opera t iona l  c h a r a c t e r i s t i c s ,  
engincering c o s t  as possible  i n  t h e  prototype uni t ,  

H~SO, it was pointed out t h a t  c e r t a i n  l imi t ing  f a c t o r s  exis ted 

The design of thc  G. F. and John Barnes Company permits 

It nas f c l t  des i rab le  t o  include as much of t h e  
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The cormnittcc; discussed thc d e s i r a b i l i t y  of design p c r n i t t i n g  top versus 
s i d e  loading of sources. 
Expressed definitc- opinions as t o  the d e s i r a b i l i t y  of t o p  loading Ehich would 
permit much b e t t e r  m i g h t  d i s t r i b u t i o n  ovcr bsxring surfaces. 
i n s i s td  on designing t h e  head f o r  C060, but not f o r  Cs137, s o  as t o  provide 
f o r  CI lozding  technique t h a t  could be accomplished in t h e  f i c l d .  
d e t a i l e d  discussion, t h e  committee requestcd a design t o  permit locding and 
unloading of sources by medicdl'school pcrsonnel, 

The K. F. and John Barnes Company engineers had 

D r .  Kerman 

Following a 

The committee next studied the design of t h e  s h u t t e r  :ncchznisn. It vas 
pointed out t h a t  t h e  f i r s t  fac tor  in the  dcsign of a s h u t t e r  mechanism R ~ S  the  
t o t a l  t h e  r s q u i r e d  i n  t h e  llon" posit ion.  It was s e x e d  t h a t  f o r  therzpy t en  
minutcs probably would be the m a x i m u  t i a e ,  nhereas, f o r  physical  neasurement 
or cxperimcntal purposes the time might occasionally r e m h  2s high as four or 
f i v e  hours, Also, i t  cas agreed t h a t  one second opening and closing time f o r  
s h u t t e r  mechanism mas adequate f o r  contemplated research tochniques, 
then reviewed c number of designs f o r  a s h u t t e r  mechanism using cent r i fuga l  f3rcc 
t o  operate thc shut te rs .  
except t h a t  the mcchazism i s  i a p r a c t i c a l  i n  bulk m d  c o s t l y  t o  naintain.  
cominittee considercd gravi ty  mechanisms but i t  was pointed out t h z t  the pr inc ip le  
i s  impract ical  because of the nany operat ional  posi t ions of the  machine. 

Thcre was 

It LELS agrocd thsrt t h c  dcsign pr inc ip les  v m C -  good 
The 

There was then discusscd a numbcr of o t h m  designs by tho K. F. and John 

Due ' to s a f e t y  f a c t o r s  md bulk, thcsc  w r c  discarded as inefficient a d  
Barnes Company such as the  magnetic c lutch,  Borg-JVarnor overdrivo, magnetic o i l s ,  
e t c .  
impractical .  
forces  t o  a double rack and pinion f o r  opcrating thE: s h u t t c r  mcchanisn: Rithout 
back lash. 
t h a t  loss  of air pressure would au tons t ica l ly  c lose  t h t  s h u t t e r  mechanism. 
u t i l i z a t i o n  of simple regulat ing pneumtic  valves vould prevcnt var iable  air  
pressure being a ser ious  problex, 
as t o  s tar t  tho opening xovcncnt v i t h  LL f a s t  motion but .;auld bc considerably 
slowed by springs as un i t  xoves t o v v d s  t h e  open posi t ion.  
other nsnbcrs of t h c  cozmittcc pointed out t h a t  thc: s k i p l i f i c d  pncunatic s y s t m  
t?Ls c o q l e t e l y  removablc f o r  naintcnancc, thcrcby e l i x i n s t i n g  any cxposure 
problem. D r .  Bruccr a l s o  rnorltioned t h a t  the  E. F. and John Barnes Company had. 
been using t h i s  s jwtea in many i n d u s t r i e l  appl icat ioqs and t h a t  it had proved 
coxpletcly sa t i s fac tory .  D r .  T o l m  suggested a so l ino id  s y s t e n  f o r  operating 
a s i n i l z r  rack and pinion dcvice and D r .  Erucer inforncid the  cornillittee t h a t  such 
a s y s t e n  had becn discussed a n d  discarded by the  3arncs Cozlpany on thc: b s s i s  of 
c o s t  and  s i z e  of sol inoids  required f o r  noving the  source v:heel. 

k pneumatic tube system v;zs doscribed vihich providcs for  a l t e r n z t i n g  

It \ v a s  pointed out t h a t  t h i s  dcsign had many good safc ty  ' fzctors  i n  
Also, 

The design of thc pncurnatic control  i s  such 

D r .  ldeschan and 

Dr. Brucer noxt opcncd thc  discussion on a var iab le  aper ture  diaphragn 
designed as a taclvc-sided u n i t  giving a zcro  t o  fifteen inch  opening st the  
s k i n  surface.  D r .  Carroll discusscd thc  s i z e s  of var icb le  cones, irregular, 
and rectangular  por ta l s .  It V ; ~ S  pointed out t h a t  t h c  Bzrncs design does not 
provide f o r  i r r e g u l a r  o r  rcctnngular pa t tc rns ,  
t h i s  mechanism could bc used f o r  two functions.  
aper ture  and two as a mchanisn f o r  i n s e r t i n g  irregular and rectangular por ta l s .  
If thc  vxr iab le  diaphrugn i s  t o  be uscd as a var iab le  c i r c u l e r  por ta l  then t h e  
xcchctnism would have t o  bc. constructed of lead p l a t e s  four  centimeters thick.  
If used as a supporting necnmisn it nocld be des i rab le  t o  f a b r i c a t c  the mchanisrz 
of s t c c l  p l a t e s  tc.0 c c n t i n c t e r s  thick.  Dr, Nurnburgor brought up soae questions 

D r .  Brucer pointed out t h a t  
One as a var izb le  c i r c u l a r  
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regxrding the c h a r a c t c r i s t i c s  of the prcscnt design a n d  i t s  re l2 t ionship  t o  t h e  
bearing surfaces  of  the  tiT:elve-piccc uni t .  
t i o n  of t h e  rilschanism of such cotzls 2s load, brass ,  s tecl ,  tungston, e tc .  D r .  
Brucer pointed out ,  3s an exmple  of t h c  c o s t s  of n a t e r i a l s ,  t o  f a b r i c a t c  i? s m l l  
source unit  of tungston, c a s t  about tr.0 n i l1  tolerance,  would cos t  approximtely 
$5,000 f o r  rav! mater ia l  alone; r;hereas, t h c  m , t e r i a l s  f o r  a s i n i l a r  u n i t  fabricated 
of l e a d  would probably c o s t  around $600, Discussion brought out t h a t  t h c  thickness 
of t h e  s h u t t e r  mechanism was not c r i t i c 2 1  and in l i n e  r i t h  t h i s ,  Dr. 1:Ieschan 
suggested t h a t  a medium 2 metal could Sc used. 
a higher transmitted pcnunbra. 

The c o m i t t e 6  discusscd t h e  fabrica-  

Honever, t h i s  i n  tu rn  r:.oul+ give 

D r .  Brucer out l ined s tudies  by t h e  Barnes Conpmy t o  provide an autoantic 
=dge f i l t e r .  The c o r n i t t e e  discussed t h e  nany problcms of noving a doughnut 
wedge f i l t e r  i n t o  the  f i e l d  from my e i r c c t i o n ,  t o  main ta in  homogenous t i s s u e  
dosage under rap id ly  chmging conditicns.  
and under cont ro l  of t h e  "conputor", m d  nus t  bc f u l l y  automatic t o  be satisfactory.  
D r .  Brucer s t a t e d  t h a t  it n ight  be nccessary t o  e l iminzte  t h e  f i l t e r  es no s a t i s -  
f a c t o r y  c o n t r o l  had been devised as yc t .  

the  de l inoa t ion  of penumbra. 
discussed and Dr. Brucer s t a t e d  t h a t  a sicilar drs ign viocld bc uscd on the c e s i m  
u n i t ,  unless a more desirable design i s  suggcstcd. 

The f i l t e r  a s t  YOVC i n  th rec  dirccticns 

Dr. RichLrdson out l ined a procedure f o r  using t h e  Co60 l i g h t  l o c z l i z c r  i n  
The design of thc cobal t  urit l i g h t  l o c a l i z e r  v:% 

Dr. Brucer reportcd on t a b l c  ?€s ign  probless,  and t h c  possiblc  u t i l i z a t i o n  
of a s e c t i o n a l  tLb1e approxixat t ly  20 inches r,idc and 9 f c c t  long, c;ith a ccntcr  
s e c t i o n  cut t o  a nmrov ciC!th t o  7tr:nit p e a t c r  r o t s t i o n c l  freedom. 
preliminary discussions havL s o  far S tcn  comploted on t h c  t s b l c  design. 

Only 

The cozmittce 2iscussod thc nost dcs i rab lo  pos i t ion  f o r  thr. r e s t  pos i t ion  
of t h e  machins. 
and s t a r t  opcrating f ro3 ,  onc givci, r c s t  p s i t i o n .  
a r u s t  pos i t ion  d i r e c t l y  above the tzblc  rou ld  si-.lplify design of u n i t  and provide 
a s a f e t y  fac tor . ,  

It w a s  shovin t h a t  t h t  c o n t r o l  m e c h a i s n  nus t  alnzys r e t u r n  t o ,  
Thb c o r n i t t c c  agreed t h z t  

During a discussion of cutonlstic aid mechanical cont ro ls  o f  the  mzchine, 
Drs,Meschan, Tolan, a n d u e m a  pointed out t h e  nced of a s m f a c o  body contact  
p l a t e  t o  operate a n i c r o  syiitch f o r  imncdiate stopi'ing of t h e  u n i t  i f  i t  should 
come i n  contact  n i t h  the  t a b l e  or p a t i e n t  v ; l i i l r .  uidcr t rea tnent .  The conni t tec  
unanimously requcsted such a safety 2cvice s n d  recomended a s h p l c  design f o r  
t h e  u n i t .  

Copies d i s t r i b u t e d  t o  thc c n t i r e  Tclctherapy Evaluation Board r i t h o u t  r c v i e s  
by t h e  c o r n i t t e e .  
addi t ions f e l t  necessary. 
Ridge I n s t i t u t e  of Nuclear Studies,  i .bdics1 Division. 

C o m i t t e c  menbers a rc  requcsted t o  3ake my dclctj-ons or 
kny such corrcct ions rill be d i s t r i b u t c d  by t h e  O a k  
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Members present:  

Vis it or  s : 

Xembers zbsent : 

Henry Jaffe  -- University of Southern Cal i forn ia  
Robert Reeves -- Duke L'niversity 
Paul Riernenschnei2er -- Universi ty  of Syracuse 
John Tolan -- Enory University 
lhrsfiall Brucer -- 9RIRS 

Robert F. Sa l l ,  Radiologist ,  Oalc Ridge Gener2.l Hospital 
J. K. Yiilde, I n s t r m e n t  Lnfineer, ORUG 
LY. E. Kii51e, Inst-rument ihker ,  ORITS 

C ,  C .  iWliire -- VanGerbilt University 
(Absent due t o  i l l n e s s .  Caze i n  t o  Oak RldEe on 19-29 
k p r i l  1953 t o  revien SuScomit tee  #2 proceedings ) 

D r ,  J. F. Kelly, 3r. -- University of I'iebraska 
(Absent due t o  i l lness.)  

D r .  Marshalf Brucer opened the  meeting yiith 2 revier\- of previous discussions 
on t h e  design p r inc ip l e s  of te le therapy un i t s ,  o i i t l in inc  the  problems encountered 
t o  d a t e  i n  designing a small "head and neck" thcra;q un i t ,  and sketched, f o r  
purpose of Ziscussion, a suggested de.sj.Cn vhich woul2 solve most of these  problems. 
Because of t h e  anatomical confornation of the  head a n d  neck region, t h e  primary 
p r i n c i p l e  t o  be fol1or:ed i n  any anal1  u n i t  i s  t o  r5mvc  as nuch sass as possible 
av:ay from t h e  cone of t he  nachine i n  tvo  ?lanes. This czm bo 2one by placing t h e  
eomcc a t  a 4 5 O  angle t o  the  no rm1  anglc  of r o t a t i o n  of the s h u t t e r  mechanism, 

60 There followed a discussion of t he  s i z e s  and s p e c i f i c  a c t i v i t i e s  of Go 
sources cu r rcn t ly  ava i lab le ,  or  expected t o  be availzb1.o in the  near fu tu re ,  
sources prescnt l j j  ava i lab le  arc 1 cm i n  d i m e t e r  by 0.2 cm, 1 CCI, 2 cm, or 4 cm 
i n  IenEth and have a c t i v i t i e s  of  85 t o  l4O c u r i e s  rJir Inch of lcn,rth. Thcre a re  
a l s o  ava i l ab le  1/8 inch d i aae t c r  rods l,%, 114, 1/2, arid 5/8 inches i n  IcnEth. 
These smaller rods  have a c t i v i t i e s  o f  fro:? 10  t o  15 c u r i s s  per inch of length.  
Several  design pa t t e rns  wcrc discussed r:hich vould a l l o r ,  t h e  bui ld  up of about 
300 c u r i c s  i n  a 2 cm diameter S O U C L .  A dcCble overlapping clovcr kzf ecsign 
i s  considered t o  be the  most econornical i n  space an2 curiaC:c. 
information t h e  committee agreed t n a t  t h e  small therapjr mit shouic? be designed 
f o r  an approximate maxinum of 45 r/min, at 3 0  c;x Soucc-S:rin Distanco. 

The 

Bascd on t h i s  

-,!a; 

D r  , Jaffe  suggestcd,thc conni t tee  revicw advar,tagcs an6 l i m i t a t i o n s  of a 
D r ,  Ricncnschncidcr discusscd thc  

Also, he 

unit,.  The 

slnall therapy unit of t h i s  
f l e x i b i l i t y  of t n e  smali Cogo thcrapy unit versus 250 kV x-ray u n i t .  
pointed out t h a t  a 250 kV x-ray un i t  would c o s t  a p p r o x u a t d y  $15,000 as against  
an estirnated cos t  of $10,000 ( o r  less)  f o r  t h c  small "head and 
com?littee reviewed t h e  following f a c t o r s  both f o r  and against  t h e  small. u n i t .  

i z e  a n d  fcsign. 

1. P o s s i b i l i t y  of a high tu7or-skin dose r a t i o  i n  tumors approxinatc- 
l y  5 crii bclor; t h e  sur face  of t hc  skin.  

http://de.sj.Cn
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Since the  u n i t  must be used in contact  Kith the  s k i n  a t  30 cm, 
t h e  inverse  squarc reduction i n  exposure r a t c  i s  consi6erablc. 
It probably v : i l l  not be s u i t a b l e  f o r  any form of deep therapy. 

With c o r r e c t  cone designs it i s  possible  t o  use t h e  u n i t  in 
in t r avag ina l  and i n t r a o r a l  thcrapy. 

It can be dcsigncd r i t h  cxtraordinary f l c x i b i l i t y  i n  manipulation 
but t h i s  w i l l  6cpend d i r c c t l j j  upon the  amount of money a l l o r i d  
f o r  the  suspsnsion mechanism. 

Bccausc of t h e  sho r t  source-skin d is tance ,  t h e  u n i t  i s  not 
p r a c t i c a l  f o r  any form of r o t a t i o n a l  therapy, 

It has nany of t h e  advantages of thc  rac'im pack bu t  T . s i . 1 1  be 
superior  i n  i t s  d q t h  dose and output. 

It r equ i r c s  a very s n a l l  spacc f o r  the  nachinc i t s c l f ;  however, 
with each incrcascd degree of frccdom i n  aotion, t h e r c  v i11  be 
an' add i t iona l  rcquircxcnt f o r  shielding of t k  room. 

It i s  competitive v.ith a n i l l i o n  v o l t  u n i t  a t  sho r t  distanccs 
i n  a l l  r w p c c t s  Except exposure r a t c .  

D r .  Jaffe  brought up a nuribsr >af qucstions r c l a t i v c  t o  i n i t i a l  cos t ,  
r ep laccwnt  of sourccs, and rou t ine  miir.tt'rim-cc . As l i s t sd , thc  c o s t  of n u l t i c u r i e  
sources is $100 per 2 cu r i c s  p lus  $?5 pcr c u r i e  or f r a c t i o n  thcreof abovc 2 cu r i c s .  

depcnds upon the  d i f f i c u l t y  of loac?ing sourccs and vvhethcr the  soljrccs ="e j u s t  
incapsulated or  are loaded i n t o  thc, sh i e ld .  In addition, t he re  i s  of nooessity 
a shipping charge f o r  t he  s h i e l d  or  isotope c a r r i e r  vihich nculd d i f f e r  fo r  c x h  
university,  depending upon t h e  dis tance f r o n  Oak Ridge a d  thc  node of t ransporta-  
t ion .  
lh. Tolan, i n  summarizing t h e  ?iscussion,  exprcssec' an opinion t h a t  these c o s t s  
a r e  comparable t o  r ep lace l en t  c o s t  f o r  y- ray  tub i s .  
the  s e r v i c e  or maintenance c o s t s  of custom b u i l t  units vcrsus se rv i cc  cos t s  fo r  
c o n i c r c i a l  x-ray u n i t s ,  
xaintenance required on the  small sourcc u n i t  undcr discussion was not of a 
spec ia l i zcd  nature and was ~ l l  viithin thc  scope of any ccchanical s h o v c x c c p t  
f o r  t he  maintenance of a source r ,hcel ,  
design, i f  of a s i x p l e  nature, cocld provide t rouolc  f r e e  operation f o r  s eve ra l  
years  , 

Thcre rill be a l o d i n g  charge of anyvhcrc f r o n  $500 t o  $ 1 5 0 0 ~ , ~ o ~ c v c r , ~ s  --r yc 

The rcplaceaent c o s t  would occur a t  approxi.intcly e igh t  ycar  i n t e r v a l s ,  

The cormittec then discusscd 

D r .  Rimenschncidcr pointcd out t h a t  t h e  type of 

It rias Wrec  t h a t  any proposed cnginccring 

The committec thcn held an i,nfornal discusslcn of thL various f a c t o r s  
involved i n  t h e  design of any unit ,  Ur. Eilda deiionstratcd a si?&e,dcsiEn shown 
i n  Figure 1. illr. Ki lde 's  e s t i m t c s  a re  t h a t  a prototypc u n i t  sofie;=zilar t o  t h e  
design denonstrated xould c o s t  q p r o x i n a t e l y  $12, 003 t o  cnginccr arid build,  
whereas on a second u,it thc  c o s t  night  be rcduccd t o  approxinately $8,000. 
cas exphasizcd t h a t  these  e s t i m t c s  a re  independent of source c o s t s  and i n s t a l l a -  
t i o n  c o s t s ,  Thc ORINS dr;sign 1;;as t e n t a t i v e l y  acctptcd in p r inc ip l e  t o  f a c i l i t a t e  
t he  discussion of var ious s p c c i f i c  f a c t o r s  v;hich ;;auld influence any p a r t i c u l a r  
dcsign. 

It 
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A. Size  of F w d s  rt S k i n  Distance 

Dr. Brucer pointed out l i a i t i n g  f a c t o r s  nffcct ing t h e  p o r t a l  s i z e  a t  t h e  
skin surface,  such as t h e  r o l a t i v e  ncight of var ious s i z e  cones, typcs of m t c r i s l  
usad in f a b r i c z t i n g  concs, v i s u a l  and t ra r , sa i t tcd  penur,bra problcns, thc  source- 
sk in  dis tance,  t he  problem of cone contact  v i t h  i r r egu la r  sur faces ,  c t c .  
J a f f o  l o 4 d  a discussion on t h c  d c s i r a b i l i t y  of using: m a x h m  s i z e  p o r t a l  versus 
;nult iple f i e l d s .  
va r i ab lc  diaphragc arrangeoont. The v l r i z b l c  diaphragm beinc dcvelo?cd f o r  t h e  
cesium nachine \?as outlined, ,!iow!vtrJ$he c o . 2 i f i - g r c c d  t h a t  tho s i ze  m d  c o s t  
of such a nechmisn  made i t  i a p r a c t i c a R e  f o r  t!ie sriall therapy un i t .  A riotion 
by Dr. Reeves, seconded bj D r .  Riencnschneider, cad approved by the  conni t tcc ,  
rccomcndcd a nininur.1 2 cn d i a e t c r ,  and a mxinun 10  c a  d i m c t c r  f i e l d  ct skin 
surface. If an eneinccring study 
shows it t o  be p rac t i ca l ,  t h e  i i a u i ~ u i  sizc; should. be incrcnscd t o  ;i l2 c a  disJ;,cter 
f i c l d .  
of experincntal  cones t o  be st 4 x 6, 6 x 8, 8 x 10 r i c t j n E l e s ;  2, 3.5, and 6.5 
c n  c i r c l e s .  
t o  porn i t  r o t a t i o n  of t k  cones- 

D r .  

Thc co rmi t tm  discusscd t h e  p r o b a i i l i t y  of a continuously 

This i s  t o  be consicicrcd a ninii.iuii requircxect.  

F o l l o ~ d n g  t h i s  xot ion t h c  coa.:itt;c q r x d  on thc f ab r i ce t ion  or" a nmbcr  

The c o m i t t e e  r a q w s t s d  t h a t  t h e  concs : a d  holding dcvicss be r?es:.gncd 

B. Treatment Distance 

It t:as brought out t h a t  t h e  sourcc-slcin d i s t ance  i n t i x t c l y  e f c c t s  such 

Discussion 
other f a c t o r s  as f i e l d  s i z e ,  penmbra, d o s t  d i s t r i b u t i o n ,  source curiagc,  and i n  
addi t ion a f f c c t s  sucn n i c h a i c a l  i txis as t h c  balance of thc u n i t .  
around these  f ac to r s  brought ont other ; ;ossible uscs of a sLia l l  thera7y u n i t  ii 
idd i t ion  t o  tumors in t h e  heas and ntc!; ,arcas. It iras t h t  ur,ani~:,ous opinion of 
thc  coxn i t t ce  t h a t  ir. s p i t c  of the  dcsign r e s t r i c t i o n s  iTposid by tiic scall  cu r i sge  
sourcc..,nany uscs ce re  p o s s i b k  l ~ i t h  thc  suggcstcd d ts ign .  D r .  J a f f c  xovcd t h z t  
the  c o m i t t c e  adopt a 45 r/nin output a t  30 cr.1 sourcc-skin dis tancc 3s a con1 t o  
be reached. The notion ~:zs siconled by C r .  Beeves m d  cxrr icd  v5thout objection. 

C .  Size  of cob* Sources 

Dr. Sruccr outlincd t h e  nmbcr  a n d  syxc i f i c  :ctivity of Co6' sourccs 
expccted t o  be available f o r  th; ric:;t f i v c  ycars .  
t h a t  coba l t  sourccs are avciilablc i n  t h t  following s i zes ,  3s l i s t c d  i n  t k  
r ndioisotopes c a t d o E .  

Dime t c r  

Thc cox5t t !dc  as icforned 

Act iv i ty  pcr inch of l e q t h  Lcngths avail Lbl c 

0.5 n ,  
1 .o .:2p 
1/8 inch 
10 a" 

0.2 ?Lc - 25 zc 
1 iiic - 100 XC 
10 "3c - 15  c w i c s  
84 :IC - UO c u r i i s  

2 nn t o  6 c n  
2 :XI t o  6 e 3  
f/g", l / k n ,  1/2", 518" 
2 n3, 1 c:n, 2 c2, 4 crn 

Thc conni t tee  discussed t h c  ?csir&iIAty of various source s i z c s  and shzpcs 
nhich oould be nade from the  x t c r i d s  nevi availoblc.  
seconded by D r .  Riencnschneider, t he  c o m i t t e e  voted f o r  3 s o u r c ~  conts iner  
s l i g h t l y  greater than 2 c n  d i a e t e r  ;kith thc: sourccs itrranEc-d in  a doublc c lover  
l e a f  design. 
'1/8 x 1/2 inch rod VioLl.ld be uscd. 
Jcpending upon tho spec i f i c  a c t i v i t y  o f  t h e  znt t r ia l  should 1;icld Ercater t h a  

Gn notion by D r .  Reeves, 

Kith t h i s  a r a n g e x n t ,  a > p r o x i x t c l y  six 1 x 1 c n  rods plus one 
This e l l o n s  f o r  the r.;inLm sclf  shielding and 
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250 and less than 350 cur i e s .  Such a source v~ould cos t  about $1800 and should 
approach a 45 r/nin output a t  30 cn. 
s y m e t r y  of t hc  isodose curvcs with such a sourcc: dcsi.Cn, hovevcy, , t h i s  can bc 

D, Allowable Penmbrs 

Thcrc i s  s o x  q w s t i o n  on thc  f l s t n c s s  and 

dcternined only by cxperir?int ,  \, xu.;,'. 
... 1 

The c o m i t t c e  discusscd i so losc  curvcs and t h c  pcnuxbra p rob lms  shich night  
be produccd c i t h  the  source dcsign rcconncnded. A r epor t  vas givcn on Dr. 
Richardson's vork ncasuring t h c  isodose curves sround the  Canadian S O ~ ~ C C  as uscd 
i n  tha  ORINS - M.D. Andcrson Co60 Unit. For coriparison D r .  Robert Ball discusscd 
t h e  isodose curvcs around thc  Oa& Ridgc Gmcra l  Hospital 's  250 kV x-ray thcrcpy 
un i t .  The penunbra on cvcn thcsc  snall cur iage sournscan  be cxpectcd t o  bc b e t t c r  
than t h a t  shown f o r  t hc  250 kV x-ray therapy uni t  and nuch b c t t c r  than thosc shonn 
f o r  t hc  var ious radiuq packs throughout the  country, Howcvcr_z- $,Cis not r;xpccted.g 
t h a t J n i t h  such ti l x g c  source m d  s n d 1  c o l l i x a t i n g  dis tance th% penunbri rill ?IC 

ex ten t  thc  larE"; pcnmbra can bc ovcrcone by bringing t r c a t x n t  cones up t o  con tac t  
with t h e  s k i n .  
v;as discussed and it KSS shmn t h z t  t hc  cxccssivc c l cc t ron  coRtaiiiination i n  the  
f i r s t  f e n  rn i l l inc tc rs  of s k i n  can be n a k e d l y  n i n h i z e d  provided proper precautions 
a r c  taken in tho design of e l e c t r o n  f i l t c r s  over t h e  end of thc  cone. 

. 

anyway near as sharp as t h a t  s h o w  f o r  the  l a r g c  Co60 riachinc. J To c c e r t a i n  

The reccnt  v;ork on e l ec t ron  bui ld  up with thc  la rge  cobal t  xichine 

E. Light Localizer 

The conyi t tec  cas of t h c  opinion t h a t  in a ma l1  curizgc source x c h i n c  it 
was probably Edvantagcous t o  brin,r thL cmLs up t o  c o n t z t  \iiti? thc  skin, i n  
v;hich C ~ S C  t hc rc  Y;JS no ficccssity f o r  a l i g h t  l o c a l i z e r .  
D r ,  Rimonschncidcr sccondcd thc  zot ion t h a t  r i t h  t h i  sho r t  sourcc-skin d i s t i n c c  
i-Lachinc: no l i g h t  l o c a l i z c r  iiss rcquircd. 

Dr. Rccvcs noved and 

Othcr con.:ittLc ixnbcrs concurrcd. 

The c o m i t t c e  discussed t h e  design of t hc  sourcc r h c c l  a n d  t hc  cxpectcd 
operatin€ speeds !::ith t h c  source s h c c l  :.loving i c t o  t h c  
!'lith.xt vot ing thf; c o n i i t t c c  3gre:cd t h a t  nuch of this 

1% of t o t a l  dose)  during thc  ltonlf and "ofP1 z o v c x n t s .  

and Ifoff'* pcsit ior, .  
dc?cnds upon I-:h?,t c m  bc 

engincercd and agrccd on an c s t ixn tcd  onc sccofid bui ld  up of dosagi;, ( 1 w  than 

G. The S h u t t c r  kchnn i sn  

D r .  Bruccr out l ined a s h u t t c r  xchnn i s r ,  c o n s i s t i n s  of 3 doushnut v h c d  L c 

opcratcd fro,:: t hc  con t ro l  pzncl, co7plctc :-.it11 t im  sv:itch, s i p a l  l i g h t s ,  m d  
a a s t e r  key lock  stl-itch. &. Tolarl qukstioned the  a b i l i t y  o f  thb c o p h c i l  and 
mora gcair ncchanisn t o  bc as c f f i c i c n t  as an x d c  drivc.  
t h e  o r i g i n a l  design f ea tu re  LOS t h c  r c su l t  of an a t t c rq t  t o  l o c a t c  t h c  dr ive  
nechanisn i n  t h c  nost ndvantaccous pos i t i on  r i t h  r e s p c t  t o  thc  centcr  of g rav i ty  
of t he  un i t  s o  t h a t  t k  s h u t t c r  d r ivc  could f l o z t  i n s idc  of t h c  f o r k  suspcnsion. 
This would avoid b u l Q  projcct ions 3t t h c  trczit-icnt End of t h c  machine. J r .  Xilde 
discusscd o ther  possiblc s h u t t c r  d r ivc  ZrangcTcnts nhich coul?  l o c a t c  t h t  ? r i v i n g  
nee hanisn in the  dcsircd p o s i t  ioc, ,hor.tvcr/'Gcsc aI€Zrnat;k -azranccmcnts3plsccd 
gears r - i thin thc  s h i d d i n g  :?cad 2nd thc  cor:.:fttcc cxpresscd 2 Ccsirc t o  c l i i i inz te  

It Y;CS cxplaincd t h a t  

- - -  - 

http://dcsi.Cn
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any i.lachincry vtnich could be r c p a i r d  only on disvant l ing w d  cxposing t h t  source. 
Dr. Tolan pointcd out t h z t  t he  cogchccl v;cd.d have t o  bc b u i l t  gf high o l loy  m t a l  
t o  v i th s t and  e igh t  y m r s  war of t h c  high spccd on the  '::or3 gcur dcrsign suggestzd 
and as!ccd f o r  fu r the r  discussion on possiblc  USC of an ,axle d r ive ,  it vias poirrtcd 
Dut t h a t  t h e  arrangcmnt of a v:hccl a t  an .angle puts  any axle  d r ive  i n  such a 
posi t ion s o  as t o  locate an e x t e r i o r  obstacle  i n  ;; forbidden 
::-as f c l x t h a t  sonc a r r a n g c x n t  nust  bc m d c  tlhich w i l l  place 211 gcars and b c b i n g s  
on thc  ou t s ide  of t h c  u n i t ,  Tic  cormittoc cxprcssid a g r c c x n t  on t h c  goncr.11 
design idcas ,  althocgh they disagrccd n i t h  the  s p c c i f i c  c1csig;n suggcstcd. 
discussion vias closed v5th ;L consic'cration of tkii! rc;co.?xndctions of thc  nc:;. 123s 
Handbook 3n Protect ion f r o 1  IncapsLlatsd Sourccs r:,iich 7 , ; i l l  dccland SO;.IC cxtcnt ion 
f o r  ::mudly shu t t ing  of f  t h c  bcm.  

arc+ Qcvcq;/i t  

Thc 

H. - S hicl2inE I:Iatcr i a l s  

The c m i i i t t c o  rcvi.owd tiic cos t  f a c t o r s  i n  various shielding x t c r i a l s  -i:hich 
could be uscd. 
neccssary t o  use load 2s thc. p r i x  shielding :xiterial, 
p o s s i b i l i t y  of using s z d l  pieccs of :.iorc dtnst: rx t tx ia l s  in s t r e t e g i c  loca t ions  
-i;ithin tho  design. 

It \:as i r r m i i a t c l y  q;rEcd t h t  tnc  cos t  f a c t o r  aionc x c c  it 
Thcre i s  s t i l l  a 

I. Suscens ion  IJcchanisn 

The co.mit tes  agrccd, a f t c r  i-uch disccssion,  t h a t  no :?.attcr vihat the  design 
of  t he  shielding uni t ,  t h e  problen of suspcnsion dtpcnds t o  a -., l a r g e  cxtcnt on t h e  
individual  needs and spcc i f i ca t ions  zwailzble t o  c x h  m e r ,  
be possiblc  f o r  onc un ivc r s i ty  t o  use a v;ell xount, mother  un ivc r s i ty  m y  f i n d  
it nor2 mononica l  t o  us" a c e i l i n g  momt, It t7zs agrccd t h a t  t h c  prototype u n i t  
should be &signed x i t k  a spec i f i c  s u s p n s i o n  n c c h u i s a  but t h a t  t h i s  suspcnsion 

yoke be tmen  t n o  f e e t  a d  f i v e  :ad a half f e e t  above tht; f l o o r ,  a 3600 ro t - t i on  
of the  yoke, and t i l t i n g  of t he  head througn an arc of 1800, 
t o  a t t c x p t  t o  put ir, a hor i zon ta l  movcncnt of t he  yoltc. 
i nvcs t iga t ion  be nadc i x c d i a t c l y  of t hc  corn-xrcially Lvailzblc; suspcnsion 
ncchaisrrs, m d  t o  coapzre t h e i r  dcsign and c o s t  x i t h  a spec ia l ly  constructcd ?del. 
Thc onc c r i t i c i s n  of nos t  c o m c r c i d l y  availabl-c susFc.n.sion ncch-mis:.:~ i s  t h s t  f c e  
cire dcsigncd t o  cc r ry  t h e  load rcqGircd 3f evci; a s a d 1  curiagc unit. 
showd t h e  conrii t tcc desc r ip t ive  l i t c r a t u r c  on onc typic21 c o m e r c i d  $-rV 
suspension unit  ahkch Eight bc adaptable t o  a snail Cob0 un i t .  

J ,  LoP.dinp of Rsplzcci?ent SOWE 

:.hcrcas, i t  T, night  / 

;2ight have t o  be xodified f o r  e x h  un ive r s i ty ,  For thc  Frototy e u n i t  it vzs 
agrced t h a t  t h e  suspension mchan i sa  :.lust provide fo r  a ilotion of t h e  

It KZS agrecd not  
It xas suggested t h a t  an 

13r. T o l m  

-.iL,i2 

The coxf i t t ec  discussed t h e  dcs i r a5 i l i t j r  m d  the  -dvmtages and d i s s d v a r t q e s  
of f i e l d  loadinc of rcplzccncfit ra2io;ctiw soarccs.  
d i sagremcnt  on the  ncccss i ty  f o r  f i s l d  loading versus l o ~ d i n g  by a vcndor such 
as the  O a k  R i d p  I iational Laborztory. In t h c  cast of u n i v e r s i t i e s  locztcd viithin 
a shor t  d i s t ance  f r o 3  O& RidEc, it is  grobsbly far norc econodca l  not t o  s t t e 3 p t  
t h e  f i e l d  lozdinc dcvice vtithir, thcA.csi.@LhonL-rcz, Th th62hdc. o a  q r p n i z a t i o n s  
a long 2 i s t a c e  fro? O a k  R i d g c q a  l z c k  of f i c l d  l o a d z g  c.quipmmt v:oU'ld be a 
ser ious  handicap. Xr. Li ldo is  of thc  o p i n i o c t h t  any dcsign can e a s i l y  be 
Edaptable t o  my f k l d  l o d i n g  dcvicc, hc&wa sont ccn t rn l  organizztions aould 
have t o  have and be rcsponsiblcl f o r  such picce k 4  of i q u i p x n t .  The c m r l i t t c e  
did not vo te  f o r  e i t h e r  zrrunge::!cnt, x_nonevcr;, the  nmbcrs ? id  express a d c f i n i t c  

Tbcrc r a n i n s  considcrzble 

.<.  '--, , ; -I. r ,  I . I 

I \ j b  1st) - 
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' c s i r c  f o r  3. f i e l d  loading  design cvidcd it i s  pr ;ic t icciblc . 
K. Autornatic Versus E,hr,ua1 Controls of thc  Susncnsion ?iI;lCchar,isc 

D r .  Jaffe  discusscd t h c  d e s i r a b i l i t y  of m t o r  cont ro ls  vcrsus manual 
cont ro ls  f o r  st l e a s t  tlic f i n e  adjustncnts  on my thcrapjj nxhhine. 
opinion t h a t  r a d i o l o g i s t s  i n  g c n t r a l  m r c  currar i t ly  in favor of nanual cont ro ls .  
Tho c o n z i t t e e  agreed t h a t  f u l l y  autor.;ztic operations of a l l  iovcrncnts KCS t oo  
cost ly ,  but t h a t  it, vas n e c e s s a y  t o  h v c  notor operation of,@2- s)xttc:r dcvicc 
,and any not ion nnj.ch covers a considorablc d i s t a c e .  ' In  k'ht c a s c . o f  t hc  present 
design t h i s  n o d d  be only t h c  v c r t i c s l  xovenents of thz-yoke. 
expressed an gpinion t h z t  ?anus1 opcrat ion of v z r t i c a l  notions v m c  necessary f m  
f i n e  adjustncnts .  A t  t h i s  po in t  Dr. Jaffc m d  Ur. T o l m  expressed t h e  dcs i r c  fo r  
t h c  prototype u n i t  at 1i;ast have c riuinun possible  f rcedou of novericnt as sgcci-  
f i ed  i n  I t e n  I. 
notions vhich .me c a s i l y  o b t u h a b l c  Sjr posi t ioning the  p t i c n t  in a c k i r  or on 3 

t r e ;t ncnt t a b l e  . 

It F ~ S  h i s  

A l l  ncnbcrs 

Excepted f r o n  t h i s  s t z t c n a a t  arc t h e  h o r i z m t a l  ninll and "mt" 

Dr. J a f f L  rade 2 r x t i o n  t h z t  Subconiit teo KO. 2 arprove t h c  p re l ix ina ry  
dosign 3s de ta i l cd  ,abovt u l d  isuthcrize ORD!S t o  ~~racooc?  x i t h  f a b r i c a t i o n  of t hc  
p i l o t  nodel. 
voted by t h e  con.nittcc. D r .  Bruccr cxprksscd 2 Zcsi rc  t h a t  t he  c o m i t t c c  r e v i s i  
t hc  progress .and dcvclopnent q f  the p i l o t  ;:c~dc1 ?rim t o  the October m e t i n g  of 
the  f u l l  TEE board. 1i t m t L t i v c  da t c  s.3 !ctLlc i n  StiptczScr KS agrced upon f o r  
the c o m i t t c e  s sccond r:1ctt ing. 

Thc Lotion vas s c c x d c d  bJ D r .  Ric::cnsc:u;,eidcr and uriani-ously 

Dr, jaffc  qucstibncd the  f c z s i b i l i t y  3f tlic I m t i t u t i :  3r s : s x  industry 
m i l d i n g  o ther  units s i n u l t a n c x s l y  7;:ith t h c  c i l o t  zodcl .  
t h s t  the  f a b r i c a t i o n  of cr nuzlbcr of Ur,i+,s n igh t  l occ r  thc  pcr u n i t  cos t .  
Brucor inforncd thc  coxiit tcc? th t  the  Izstittitr, could not undcrtdcc t h e  
x m u f a c t w c  of te ls therupy u n i t s  f o r  sclc ,  m d  exp1:lincd t h a t  t h c  ORIXS proccdurc 
of bui lding t h e  prototype u n i t  of ncccssi ty  :;.auld 5, 3nc of s i x l t a n e o u s  
f a b r i c a t i o n  and design. 
be ava i l ab le  before conplction of t nc  p i l o t  r i de l .  
t h a t  "as-constructcd-prints" w i l l  bcc TIC pcbl ic  property upon c ~ ~ s l p l c t i o n  of t he  
p i l o t  nodel  and t h a t  patent  r i g h t s  cill a l l  hi, by the  te rns  of mr c o n t r m t ,  Li 
the  hands of KEC. 

It 1::~s suggcstod 
D r .  

It i s  cxpected t h c t  c o z p h t c  engbnoerine plans w i l l  n3t 
Thc cmriit tci:  vxs inforncd 

Although D r .  McClure $:as un3blc t o  i t t c n d  t h z  April  12 ricctinc of thc 
subcomi t t ce  duc t o  i l l n c s s ,  hc -;;Ls abie t o  ccnc i n t o  Oak Riegc on t h c  18th  of 
April ,  During h i s  v i s i t  Dr. i,lcClurs: wct  ovcr t hc  discussions *Ad dc l ibc ra t ions  
of t he  Apri l  L2th nccting of t h c  Subcon:ittcz KO. 2 x r ?  2Cds h i s  conccrrLnce t o  
thc de l ibc rc t ions .  

Copies d i s t r i b u t c d  t o  tnc ~ m % i r c  Tclethcraav Evaluation Bcsrd x i thou t  rcvicr;: - -  
by the  c o m i t t c e .  
additions f d t  ncccssary. 

C x n i t t c c  x r i b c r s  a rc  rcqucstcd t o  x i ~  my de le t ions  or  
- ~ G J  such c o r r m t i o c s  r i l l  bo d i s t r ibu te?  by t h c  Oak 

R i d p  I c s t i t u t c  of Nuclear Stuciics, 1:Icdical Division, 



, 

*. 
.,-.. , ~ .. 

. . - L a  



I . .  



Members Present:  D r .  Sidney Rubenfeld -- hTev Pork Universi ty  School of 

Dr. Arthur C.  Suyton -- Universi ty  of !J iss iss ippi  
Dr. 'Filliam H. Riser  -- Medical College of Alabama 
Dr. Car l  E. Nurnburrrer -- Universi ty  of Tennessee 
DF. George Cooper -- Universi ty  of Vi rg in ia  
Dr.  Marshall Brucer -- 3ak RidFe I n s t i t u t e  of Nuclear 

Medicine 

Studies  

1. Current S t a t u s  of the  Construction of Hinh Curiase Xxh ine :  

The present  s t a t u s  of designing and bui ldin9 t h e  high curizge 
machine by t h e  F. F. & john Barnes Coapang was out l ined  and the  subcom- 
mittee discussed i n  d e t a i l  t h e  design f ea tu res  which permit automatic 
opera t ion  with t h e  c e n t r a l  axis  of t h e  beam alvays focused a t  a c e n t r a l  
po in t  of a sphe r i ca l  o r b i t  circumscribed by ro ta t ion .  The subcommitee 
s tud ied  engicser ing p r i n t s  and expressed approval of s p e c i f i c  fea tures  
for obtaining tilt, v e r t i c a l ,  hor izonta l ,  and azimuth motions f o r  rota-  
t i o n a l  therapy procedures a s  v i sua l i zed  by subcommittee rnenbers, 

The subcommittee was informed t h a t  o r i g i n a l  design spec i f i ca t ions  
d i d  n o t  c a l l  f o r  f i e l d  loading of replacement rad ioac t ive  sources;  how- 
ever, a t  t h i s  s tage  of design it was bel ieved t h a t  t h e  most des i rab le  
design of the sh i e ld ing  head provides for  f i e l d  loading. 

Dr. Riser asked i f  the  d e s i p  provided f o r  r o t a t i o n  on a continu- 
ously var i ab le  radius  up t o  a given maximum. 
t h a t  the  o r i g i n a l  design had spec i f i ed  such opere t iona l  f ea tu re s ;  but ,  
because complicated con t ro l  machinery made such a motion impract ical ,  the  
Subcommittees on Source Evaluation and Shield Design approved a change i n  
design and accepted t h e  following source-skin d is tances  f o r  r o t a t i o n a l  
therapy : 

The subcommittee was informed 

cesium137 -- - -- -- - - - - - - - - - .. - -- -- - --- 90, 70, and 50 cm 

Cob a1t60 0 r Euro piuml52- - - - - - -- - - - - - 100, 80, and 60 cm. 

Members of  Subcammittee No. 3 expressed approval o f  these  changes i n  
design spec i f i ca t ions .  

Dr. Brucer ou t l ined  s tudies  showing the  necess i ty  f o r  an auto- 
mat ic  wedge f i l t e r ,  
moving a wedge f i l t e r  i n t o  the  f i e l d ,  from any d i r ec t ion ,  t o  maintain 
homogenous t i s s u e  dosage under rap id ly  changing condi t ions.  

The subcommittee discussed the  many problems of 

The f i l t e r  

-- I 
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must move i n  th ree  d i r ec t ions ,  under con t ro l  o f  the  ltcomputorll, and 
must be f u l l y  automatic t o  be sa t i s f ac to ry .  
t he  necess i ty  of a f i l t e r  completely covering the  beam and i t s  rela-  
t i onsh ip  t o  t h e  shape of  t he  isodose l i n e s ,  
necess i ty  of l oca t ing  a f i l t e r  c lose  t o  the source; and, of fe red  f o r  
d i scuss ion  an opinion t h a t  irasrnuch as the  u n i t  vould not  contain a 
point  source it would be prac t icable  t o  use a f i l t e r  a t  t h e  f a r  end o f  
t h e  col l imator .  

Dr. Nurnburger discussed 

Dr. Guyton questioned the  

The wedge f i l t e r  i s  designed s o  t h a t  t h e  th i ckes t  edge is always 
c lose  t o  the  c e n t r a l  ax i s  of t h e  angle of suspension. I f  the  angle of 
r o t a t i o n  is  i d e n t i c a l  a i t h  t h e  angle of suspension, cont ro l  of t h e  vedge 
f i l t e r  i s  simple; bu t ,  as  t h e  angle of ro t a t ion  moves away from the angle 
of suspension, t he  wedge pos i t ion  becomes r e l a t ed  t o  t h e  pos i t ion  o f  t h e  
r o t a t i n g  head and the  pos i t ion  of suspension mechanism, therefore ,  making 
automatic control  more coapl icr ted.  

Dr. Cooper summarized and questioned the  necess i ty  f o r  a l l  auto- 
matic motions designed i n t o  the  experimental un i t .  Also, Dr. RubeRfeld 
tisked i f  head motions could be s impl i f i ed  by designing the  treatment 
t a b l e  with some movements. 
r a i s e d  t h e  same quest ions and a f t e r  f u l l  discussion had voted t o  have 
maximum freedom of movements designed i n t o  the experimental. 
a simple matter t o  omit unnecessar;y movements once t h e  preliminary s t u d i e s  
have been completed. The subcommittee agreed with the  ac t ions  of the  Sub- 
committee on Shie ld  Design. 

I t  was pointed ou t  t h a t  Subconmittee No.1 had 

I t  w i l l  be 

The subcommittee discussed t h e  design of t h e  va r i ab le  aper ture  
diaphragm which was approved by t h e  March 29th : leeting of Subcommittee 
No. 1. The mechanism cons i s t s  of 12 t r i a n g L a r  u n i t s  forming an iris 
diaphragm closing t o  l e s s  than 3 crn diameter and opening to  a m a x i m  
15 cm diameter. 
i r r e g u l a r  o r  rec tangular  por ta l s ;  horrever, these pat terns  a r e  obtainable  
by using t h e  diaphrzgm a s  a holding device f o r  cones. 
was informed of design problems i n  providing a supporting device and 
sh ie ld ing  between the  head and var iab le  diaphragm. 
design v i sua l i zes  a s e r i e s  of  te lescoping s t e e l  cyl inders  providing ade- 
quate  sh ie ld ing  when t h e  diaphragm i s  extended to  rnaximum dis tance  f r o m  
t h e  head. 
f o r  r o t a t i o n a l  therapy technicues. 

I t  was explained t h a t  t h i s  rnechanism vould not s i v e  

The aubcomnittee 

The present s t e t u s  of 

The subcommittee d id  not f i n d  any design f ea tu res  object ionable  

The subcommittee approved i n  7 r inc ipa l  t he  present design s t a t u s  
of  t h e  l i g h t  l o c a l i z e r  which cannot be g rea t e r  than 2 cm i n  diameter. 
system cons is t s  of an ex te rna l  l i g h t  source with a co l l ec t ing  l ens  focusing 
t h e  l i g h t  beam through a luci te  channel t o  an expanding l e n s  which t rans-  
mits t h e  bean t o  a reflecter, thereby simulating a beam e q u a l ~ t o  the  radio- 
a c t i v e  source and appearing t o  be coning from the  surface of  the source. 
I)r. Guyton suggested using a s l i g h t  concave r e f l e c t e r  t o  b e t t e r  c o l l e c t  
and c o l l i n a t e  the  l i z h t  bean received from'the expending lens .  

The 
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The subcommittee s tud ied  Dr. Richardson's work on t h e  design of 
cones most s u i t a b l e  f o r  reducing t h e  build-up of secondary electrons.  
I t  was pointed out  t h a t  l ead ,  with i t s  des i r ab le  shielding propert ies ,  
a l so  contr ibuted t o  the  build-up of  undesirable  secondary electrons.  
I t  %as suggested t h a t  brass  o r  brass- l ined cones would g r e a t l y  reduce 
these  e lec t rons  and t h a t  brass  f i l t e r s  a t  t h e  po r t a l  would f u r t h e r  
reduce the  electrons.  Dr. Rubenfeld requested information regarding 
t h e  suspension of the f i l t e r  which would permit ind ica t ion  of penuabra 
by v i s i b l e  l i g h t .  The subconmittee was informed t h a t  an adequate holder 
has been constructed of  l u c i t e  and brass  which emits a rectangular  l i g h t  
beam around the  edge o f  t h e  brass  shim simulating the  penumbra. 
i n s ide  edge of t he  l i g h t  beam is an ind ica t ion  of t h e  100% isodose l i n e  
with the  ou te r  edge dropping o f f  t o  the  approximate 12% t o  20% isodose 
l i n e  depending upon the  s ize  o f  t he  f i e l d .  

The 

D r .  Brucer discussed the  design engineer 's  study of s h u t t e r  mech- 
anisms and informed the  subcommittee t h a t  cos t  and space requirements 
made impracticable such devices as  a continuous ro t a t ing  motor 1.i t i l izing 
c e n t r i f i c a l  force  t o  r o t a t e  the  source r h e e l  180°, various s l i p  clutches 
such a s  t h e  magnetic c lu tch ,  magnetic o i l s ,  Bore-Tarner overdrives.  
Dr. Brucer then described t h e  pneumatic system cur ren t ly  under study by 
t h e  Barnes company, 

2. ---- Present S t a t u s  of the  Construction __I-- of  t he  Small Curiace %chine: 

The small source u n i t  is  not designed f o r  r o t a t i o n a l  therapy; 
however, Dr. Brucer informed t.he subcommittee of  t he  cu r ren t  design 
s t a t u s  o f  a prototype un i t .  
f ea tu re s  a s  ou t l ined  i n  t h e  1Jinutes o f  t h e  A p r i l  12th 
committee No. 2. 
est imates  were approximately $1.2,000 f o r  construction o f  t h e  small  therapy 
u n i t ,  but s i rcy l i f ics t ion  i n  design hed reduced the  cost  es t imate  t o  less 
than $10,000 including s u p p r t i n g  mechanism. The subcommittee discussed 
i n s t a l l a t i o n  reauirenents  l i k e l y  t o  be encountered a t  d i f f e r e n t  medical 
schools.  

The subcoamittee discussed the  design 
Meeting o f  Sub- 

The subcommittee wcs informed t h a t  t h e  o r i g i n a l  cost  

A .  I n s t a l l a t i o n  of a unit on a t o p  f l o o r  carner room, r;ith beam 
d i r ec t ed  topard t h e  outs ide  corner,  would requi re  sh ie ld ing  
on two s ides  and f l o o r .  

B. I n s t a l l a t i o n  of a u n i t  i n  a basement, n i t h  fou r  s ides  o f  t h e  
room surrounded by ea r th ,  would reoui re  sh ie ld ing  only for 
t h e  ce i l i ng .  The subcommittee was informed of a c e i l i n g  
sh ie ld ing  design, by Dr. C .  C .  El?cClure, Vanderbil t  University,  
whereby m a x i m  sh ie ld ing  d i r e c t l y  a'wve a u n i t  is  ca r r i ed  on 
a suspension t r ack  and moves with the  uni t .  

C. A t h i r d  possible  mount, is  indicated by D r .  Carl Sraestrup,  
Francis  Delaf ie ld  Hospital ,  Nev! York. This design has a 
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source mounted on one end of an a r c  circumscribed by zn 
angle o f  1800 and a heavy sh ie ld in2  surface mmnted on the  
o the r  end o f  t h e  arc  i n  such a 
altlays remains d i r e c t l y  i n  t h e  36th of t h e  bean. 

Dr. Cooper, D r .  Rubenfeld, and Dr. h r n b u r g e r  discussed t h e  edeauacy of 
t h e  sh i e ld ing  provided i n  t h e  design o f  the  m a l l  therapy uni t .  
l i s t e d  t h e  epproved standards of  r a d i a t i o n  exposures ( . 3  r/48 hgurs, t o t a l  
body; 1 .5  r/43 hours, hands and arms; 1 .5  r/49 hqurs, f e e t )  ?nd infor-ned 
t h e  subcommittee t h a t  calculat ions and tests ind ica t e  t h a t  exwsure  c8n 
be v:ithin these limits a t  reasonable cost .  

manner tnat thq s h i e l d  

Dr. Brucer 

3.  Control Pznel o f  Hich Cu.riaee Machine: 

The subcommittee w a s  infarmed gf t h e  prel ininary desi,-n s tud ie s  
of t h e  automatic con t ro l  panel cons i s t i cg  of  a double maqnetic a n p l i f i e r  
on P thyroton sys t en  providing eeqial opposing forces on eech e l e c t r i c  
notDr. 
mits movement i n  the  desired d i r e c t i o n  and a t  a 
ab le  T i t h  a hiTh degree of' accuracy. 
by a multiple c m  svstem; shepe and e c c e n t r i c i t y  o f  each cam deternines 
funct ional  pa t te rns  of  t he  therapy un i t .  

f u l l y  automatic cont ro ls  on the  p a n e l  i n  t he  cont ro l  roon, mid se s i -  
automatic controle  on tl?e w k e  of t h e  suspension nechanism f o r  the  mechm- 
i c a l  posi t ioning 3 f  t h e  un i t .  
t h e  sutomstic c3n t ro l  c i r c u i t s  from the  contr31 room and t h e  closing 
switch permits sutomatic operat ion with the u n i t  returnin,? t3  r e s t  -psi- 
t i o n  d i r e c t l y  over the t a b l e  before s t s r t i n g  therspy cycle. 
c o n t m l  system p e n i t s  sinale porteel  therepy, 

An increase o r  decrease i n  b i a s ,  applied t o  o??osinz forces ,  per- 
r a t e  of speed azint 'ain- 

Pa t te rns  g f  aot ions  a r e  con tml l ed  

The t e l e the rapy  u n i t  s h m l d  be designed x i t h  tzo  con t ro l  s:rste.?rs : 

The switch f a r  mechanical operoti2,n breaks 

The manual 

Exis t ing r egu le t i ans  f3r an x-rry t%era?g mit  s u s r e r t  an i n d i c a t a r  
f o r  shming  Shich f i l t e r  i s  i n  posit ion.  
t o  infsrm the 3perator  or" t h e  ha l f  value eouivelent o f  t h e  x-ray Seam. 
The f a c t o r  i s  constant  on 2 t e l e the rapy  u n i t  u t i l i z i n ?  radioact ive i so t apes ;  
theref3re ,  such a device r a s  o n i t t e d  on t h e  pmtotvpe un i t .  Also, e x i s t i n g  
regulat ions suggest i nd ica t2 r s  shoain: the  w s i t i o n  of  an x-ray head, 
D r .  Erucer i n f o n e d  t h e  subcomi t t ee  t h a t  t he  con t ro l  panel might p s s i b l y  
hzve ind ica to r s  f o r  degree of tilt, l e t e r a l  Totion, and azimuth motion, bu t  
t h e  necess i ty  f D r  this has been cruestianed, 

Tnis r e m l s t i a n  B C S  Pstablisned 

4 .  Photogrephic T sodase Curves o f  Co60 Rotations : 

D r .  3-rucer ou t l ined  preIi2inar:r s tu4 ie s  of  i s o h s e  curves from a 
r o t e t i n g  beem i n  en attemnt t o  p i n t  o u t  some D f  t he  f a c t o r s  icvofved. 
Simulated conditions Tiere e s t ab l i shed  by keeping t h e  O,R.I,N.S.-:i,D. 
Anderson Co40*thera?y u n i t  i n  n flxed posi t ion an i  m t a t i n g  a phantom 
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i n  t h e  beam of rad ia t ion .  
o f  pa ra f f in  of approximate to r so  dimensions. 
croaswise and lengthwise, and two pieces  of Type li I n d u s t r i d  X-Ray 
Film placed a t  900 with r e spec t  t o  each o ther .  P i l a s  were obtained 
with the  C060 beam ' s t r ik ing  the  f i lm i n  increments o f  10" angles from 
angle of  suspension. 

The phantom consis ted of a molded cyl inder  
This phantom had been cu t  

It was emphasized t h a t  photographic dosemitry was very unreal i -  
able;  however, the  following f a c t o r s  were demonstrGted by t h e  s tudies .  
(See at tached f igures . )  
an acceptable  pa t te rn  o f  major dose. The tumor dose w i l l  no t  be uniform 
throuyhout t he  tumor a rea  unless  a wedge f i l t e r  is  posi t ioned within the  
beam. This wedge must be of  dimensions maximized a t  approximately 45' 
and minimized a t  00 and 90° angle of insidence t o  the tumor. Not shown 
on t h e  at tached f igu res  but demonstrated on o t h e r  s tud ie s  r e r e  f igures  
showing the  i n f i n i t e  p o s s i b i l i t i e s  of  d i s t o r t i n g  the shape of the foca l  
area by changing the  cross sec t ion  o f  t he  cone. 

Some angles of  suspension and r o t a t i o n  give 

Following t h i s  d e t a i l e d  discussion of  the  design c h a r a c t e r i s t i c s  
and c a p a b i l i t i e s  of t h e  l a r g e  te le therapy  u n i t ,  t he  subcomiit tee held cn 
exploratory discussion o f  possible r o t a t i o n a l  therapy pa t te rns .  The sub- 
committee mas i n  unanimous agreement t h a t  an i n f i n i t e  number of pa t te rns  
mere possible  and t h a t  rotat iond.  therapy pa t te rns  should not  be attempted 
u n t i l  the  u n i t  i s  i n  opera t ion  and isodose curves a c c w a t e l y  deterained. 
The subcommittee discussed such f z c t o r s  as three  dimensioual dosage 
pa t t e rn ,  i n t e g r a l  tuaor  dose, c r i t i c a l  dose i n  and around normal body 
organs,  e t c .  The subcommittee members suggested t h a t  another  meeting 
be he ld  l a t e  t h i s  l e a r  f o r  a more d e t a i l e d  discussion and formulation 
of therapy procedure. 

i i a r sha l l  Brucer, Y.D. 
Chsiraan, Executive Committee 
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MINDI'S, MAY a&, 1953 MEZTING 
TELETERAPY EVAi,UATIOi\T BOARD - S U B C O E ~ ~ E 3  NCI. 4 

HOUSING DES IGN 

Members Present:  D r .  bank E. Hoecker, - University of Kansas 
D r .  James E. Lofstrom, -Wayne University 
D r .  Frederick B. Mandeville, - Medical. College 

D r .  Walter J. Burdette, - Louisiana S t a t e  University 
D r .  Marshall Brucer - ORINS 
Carol Purdy, - Representing D r .  J. Robert Andrews, 

of Virginia 

Bowman Gray School of Medicine 

Members Absent: 

V i s i to r s  : 

D r .  Galen M. Tice, - University of Kansas Medical 

Dr. J. Robert Andrews, - Bowman Gray School of 
Center 

Medic ine 

D r .  Robert P. Ball, Radiologist ,  Oak Ridge General 
Hospital 

The subcommittee was informed of t he  current  status of the  
des ign and construction of  the high curiage Cs137 te le therapy  unit. 
The subcormnittee members discussed i n  d e t a i l  t he  spec i f i c  design 
f e a t w o s  such a s :  Constant var iable  diaphragm, the  shu t t e r  mechanism 
and i t s  operation by a pneumatic control  device; automatic wedge 
f i l t e r ;  and the  design and control  f ea tu re s  which permit unlimited 
r o t a t i o n a l  pat terns .  

Subcommittee NO. 2 i n  es tab l i sh ing  .desfgn.crkt&ia 
curisge Cob0 therapy u n i t  and i t s  requirements f o r  housing design 
f a c i l i t i e s .  

The subcommittee then reviewed i n  d e t a i l  the ac t ion  of 
f o r  the small 

The subcommittee studied the current  s t a t u s  of  ro t a t iona l  
problerns a s  outlined i n  the  minutes o f  subcommittee meeting on 
r o t a t i o n  methods and procedures. 
problems, tha members reviewed photographic isodose curves obtained 
from the  O R I S  - M. D. Anderson Cob0 uni t .  

Also, i n  connection wi th  rc.tationa1 

The subcommittee then entered i n t o  a lengthy discussion of 
a number of  f ac to r s  presented e a r l i e r .  
p u r p s e  of c l a r i fy ing  the  current  s t a t u s  of therapy problems involved 
i n  high curiage ro t a t iona l  therapy units and a low curiage u n i t  
designed f o r  head, neck, o ra l ,  and vaginal cav i t i e s .  
out l ined t h e  operat ional  cha rac t e r i s t i c s  of the  two u n i t s  as they 
affect housing design problems. Following t h i s  discussion, the 

This discussion was f o r  the  

These discussions 

then reviewed i n  d e t a i l  the  attached elementary design 
housing f a c i l i t i e s  o f  therapy units. Also attached 
of Subcornit tee No. 2 are  the  isodose curves of the 
unit 

subcommittee 
c r i t e r i a  fo r  
from Minut s 
present GO 8 0 



2. DATA FOR HOUSING DESIGN P R O B L B *  

The problem of r ad ia t ion  shielding 
and is not e a s i l y  calculated on the  bas i s  of 

can be a complex one 
s implif ied t ab le s  and 

char t s ;  however, many d i f f e r e n t  systems of  tab les  and char t s  have 
been prepared which allow for the  reasonable estimate o f  the  order 
of magnitude of sh ie ld ing  necessary under ce r t a in  conditions.  I n  
most cases the  sh ie ld ing  requirements as determined from such tables 
have an excessive s a f e t y  f ac to r .  
t h e  judgment required t o  balance good archi€ec tura l  p rac t i ce  and good 
r ad ia t ion  protection. 
from a method devised by the National Bureau of Standards. 

A primary problem i n  sh ie ld ing  is 

The simplified system shown below is  taken 

The f i rs t  f a c t o r  t h a t  should be considered i n  the  reduction 
of  dosage from a large source is the f a c t o r  of  dis tance from the  
source. 
the d is tance  f a c t o r  m u s t  include absorption and scatter by a h .  
i n t e rac t ion  will not be inappreciable a t  long dis tances  and there  
w i l l  be some v a r i a t i o n  wi th  energy. Table 1 presents a reduction 
f ac to r  as produced by d is tance  i n  a i r .  
f o r  example 100 m t e r s  from a source, where the inverse square 
reduction would be 10,000,the ac tua l  reduction is  27,000. A t  shor t  
dis tances  up t o  10 meters an  inverse square ca lcu la t ion  can be used 
without excessive waste. 

To a c e r t a i n  extent  the  inverse square l a w  is followed but 
A i r  

Notice t h a t  a t  long dis tances ,  

If the exposure rate i s  given i n  roentgens per hour of 
primary r ad ia t ion  one meter f rom the  source (rhm), the  standard 
shielding requirements are such t h a t  the  dose r a t e  must be reduced 
t o  a t  least 6.25 mr/hr at  a l l  occupied regions. 
a r e  presented the  f r a c t i o n a l  transmission through lead and concrete 
of  r ad ia t ion  from c e s i m l 3 7  and cobalt60. 
i s  necessary t o  ca l cu la t e  a b a r r i e r  thickness value (B)  f o r  t he  
primary rad ia t ion .  
o f  t he  thickness o f  t he  b a r r i e r  necessary. 
i n  rhm from t he  source in operat ional  posit ion,  D is  the  dis tance 
f ac to r  as shown in Table 1. 
hour occupancy t h a t  must be expected a t  dis tance D. 
of ca lcu la t ing  B is as follows: 

In Figs. 1 and 2 

To use those curves it 

Let B (ba r r i e r  thickness f a c t o r )  be a funct ion 
U is  the  exposure r a t e  

T (time) is t he  f r a c t i o n  of f u l l  48 
Then t he  method 

0.00625 (D)  
L?r B C  

fig. 1 shows the  transmission f ac to r  (B)  a t  various thicknesses of 
lead and concrete f o r  both cesium137 and  cobal t& energies.  

For r ad ia t ion  sca t te red  a t  a 900 angle from an i r r ad ia t ed  
object, there  w i l l  be a lower exposure r a t e  and a lower energy than 
from t h e  incident  beam. The sca t te red  exposure rate, when measured 

* Much of t h i s  material is  taken from data  prepared by Dr. bJyckoff 
f o r  t he  National Cormnittee on Radiation Protection, Subcommittee 
No. 9. 
a handbook on r ad ia t ion  protection. 

It will be published in more complete form as a p a r t  of 



a t  1 meter from the  s c a t t e r i n g  obje-ct, does not vary much with the  
angle of  s ca t t e r ing  but  the energy of  t he  beam is a s t rong funct ion 
of t h i s  angle. For t h e  usual t r ea t aen t  f i e l d  s izes ,  it has been 
found that the  sca t t e red  exposure r a t e  i s  &? the  o r d e r  of  0.1 per 
cent  of the incident  r a t e .  Where the  distances (d)  from the  source 
to t he  sca t t e r ing  ob jec t  are  so small t h a t  a i r  a t tenuat ion  i s  not 
important, the  sca t t e red  exposure r a t e  becomes 0.001 U divided by 
d is tance  squared. When there  i s  no b a r r i e r  the exposure r a t e  a t  
a pos i t ion  of occupied space would then depend upon a f a c t o r  (S) 
which is the  d is tance  i n  meters between the sca t t e r ing  objec t  and 
the  pos i t ion  o f  occupied space. Thus, t he  sca t te red  dose r a t e  i s  
equal to 0.001 U divided by the dis tance squared (S2). 
rate must be reduced t o  t h e  naximum permissible exposure by some 
b a r r i e r  for a p a r t i c u l a r  time, and f o r  the sca t te red  r a d i a t i o n  the 
f ac to r  (R) becomes a new f a c t o r  (Bs). 

This exposure 

This new f a c t o r  i s  defined a s :  

Fig. 2 shows curves of B, f o r  900 s c a t t e r i n g  o f  cobaltb0 and cesiu1nl3~ 
energies through lea?. and concrete. 

Table I1 gives the  r e l a t i v e  thickness of  the  three  main 
shqelding mater ia ls  used i n  l a rge  construct ion areas:  
and concrete. Under a s e t  of standard rad ia t ion  conditions the  
thickness is shown f o r  t he  energies of radium, cobal t@, and cesiuml37. 

Lead, marble, 

The r e l a t i v e  thickness o r  sheidl ing required i s  strongly 
influenced by the  energy of the rad ia t ion .  
f o r  low energy r ad ia t ions  through high 2 .m te r i a l s .  
t he  r e l a t i v e  lead equivalence of marble and concrete is given a t  
various r ad ia t ion  energies.  A t  low energies (less than 500 kev) 
concrete and marble a r e  far less e f f i c i e n t  than lead;  but a t  the  
energies of most isotopes which can be used in te le therapy,  n a r b l e  
and concrete a r e  very e f f i c i e n t .  

This i s  espec ia l ly  t rue  
In Table I11 

The s i t u a t i o n  does not completely cancel the uae o f  concrete 
or marble a t  d iagnos t ic  voltages s ince  usual ly  only very t h i n  lead 
sh ie ld ing  is  required.  Table N gives the required thicknesses o f  
marble and concrete a t  diagnost ic  energies,  

I n d e s i g n i n g  shielding ba r r i e r s  it should be remembered 
that if shielding i s  adequate f o r  t he  primary rad ia t ion ,  it m u s t  
also be s u f f i c i e n t  f o r  leakage and sca t te red  rad ia t ion .  
in barriers such as f o r  doors, windows, pipes, e tc .  m u s t  adhere t o  
t h e  same r ad ia t ion  pro tec t ion  requirements as the surrounding b i e r .  
Joints between the same o r  d i f f e r e n t  k inds  o f  protect ion mater ia l  
must have an overlap a t  l e a s t  equal t o  the  thickness. 

All openings 

In a new construct ion consrete generally provides the most 
Under c e r t a i n  circumstances marbla may ac tua l ly  economical barrier. 

be more economical and general ly  the  concrete f igures  can be used for 
marble by assuming that the  marble thickness would be .88 of  the  
concrete thickness. 
mater ia l .  

I4here space i s  valuable lead is the  preferred 



Ekamples of How the  Tables are Used i n  Barr ier  Calculations:  

Example: A cobal t  source with a dose r a t e  of 100 rhm is 
plaued In a room with workers located continuously 48 hours per  week 
in the path of t h e  useful beam a t  a dis tance of 30 f e e t  from t h e  
source. 

U = 100 rhm 
T = @ h r s = l  
D = 30 ft = 89 (from Table 1) 

therefore  : 

From the  curves on Fig. 1 it i s  apparent that d i r e c t l y  i n  the path 
of the beam 21 inches of concrete or  10 cm of l e a d  are t h e  required 
t h i c h e s s e s  t o  reduce t h e  exposure r a t e  t o  6.25 mr/h.r. 

Defini t ions : 

U = the exposure r a t s  of t he  source i n  a i r  of t he  primary 
r a d i a t i o n  i n  rhm. 

T = ; t h e  largest f r a c t i o n  of 48 hours per week a person is 
expected t o  be i n  the  loca t ion  for which the  barrier 
thickness  is being calculated.  
f a c t o r  later in discussion. ) 

(See note on time 

D a modified d is tance  f a c t o r  based upon the  inverse square 
reduct ion of exposure rate and the  absorption i n  air. 
These figures a r e  taken from water measurements and 
corrected t o  a low value for a i r  densi ty .  (Kennedy 
and Wyckoff unpublished. ) 

0.00625 r h  = maximum permissible exposure 

d ' d i s t a n c e  i n  meters between the source and an object  
whioh w i l l  s c a t t e r  the radiat ion.  
always used as a squared funct ion (dz ) .  

This f igu re  is 

S . = d i s t a n c e  in meters between the s c a t t e r i n g  objec t  and 
t he  pos i t i on  i n  space to be occupied by a person f o r  
which a b a r r i e r  t h i c h e s s  is being calculated.  This 
figure is always used as a squared funct ion (S2). 

For moderate f i e l d s  t h e  sca t te red  exposure rate is  of t h e  
order  of 0.1 per cent  of the inc ident  rate. 
rate is based upon a 90' angle of s c a t t e r  and should be a safe 
approximation f o r  walls exposed t o  a var iable  angle of s c a t t e r  from 
1800 t o  900 of f  t h e  usefu l  beam. 

This s c a t t e r i n g  exposure 

In a l l  of the  following examplea 
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t h e  data w i l l  s e t  up conditions t o  ca lcu la te  a b a r r i e r  fac tor  (B) 
f o r  the d i r e c t  usefu l  beam and a b a r r i e r  s c a t t e r  f a c t o r  (BS) where 
the  angle is a l w a y s  g rea t& than ?Oo fromlthe usefu l  beam. 
the  calculated f a c t o r s  (B) and (Q)  t h e  thickness of lead o r  concrete 
required f o r  a safe  b a r r i e r  can be found 5x1 Figs. 1 and 2. 

E k a m R l e  1: 

From 

Given a small source with an exposure rate of 100 rhm. 
The beam i s  d i rec ted  a t  an o f f i c e  30 f e e t  from the  source which 
must be fully protected.  
feet away. 

Another o f f i c e  i s  a t  900 t o  t he  beam 20 
Animals t o  be i r r ad ia t ed  are placed 50 cm from the source. 

If 0 100 rhm 
T '1 (48 hrs) 
D =89 (30 f t  from Table 1) 
d f 85 meters from source 
S = 6 meters 

B, = 6.25 d 2  S2 = 6.25 (.25) (3 6 )  = 0.56 
UT 100 (1) 

Therefore, the  barrier requirements f o r  e i t h e r  a cobal t  o r  a cesium 
source are obtained from Figs .  1 and 2. 

Direct  Beam Scat tered Radiation 
Lead (an) Concrete (an) Lead- (ox) Concrete (cm) 

Cobalt& 10 53 0.1 40 6 

43 0 e05 3 

Given a l a r g e  source with an exposure r a t e  of 30 rmm o r  

A corr idor  i s  located a t  90° t o  the  beam 5 
1800 rbm, the beam is directed a t  an o f f i c e  5 meters away which must 
have f u l l  protect ion.  
meters away. 
cent  usage. 

It is  considered necessary t o  have protec t ion  f o r  50 per 
Treatments are a t  90 cm. 

U = 1800 rhm 
T =1.0 f o r  t he  o f f i ce ,  0.5 f o r  the  corr idor  
D = 26 (fiom Table 1) 
d = 8 9  meters 
S = 5 meters 
B =. .00625 D = .00009 

Ur 
= 6.25 d2 s2 = 8l.4 

UT 

Therefore, the b a r r i e r  requirements f o r  a cobal t  and a cesium source 
from Figs. 1 and 2 are: 
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Direct  Beam Scat tered Radiation 
Lead (cm) Concrete (cm) Lead (cm) Concrete (cm) 

Cobalt& 17.5 89 0.60 12 

Cesium 137 8.5 71 0.25 10 

k D l e  3 :  

Given a cabal6 source similar t o  the small curiage unit with 
an exposure r a t e  of 45 r m  a t  30 cm or 243 rhm. 
small  room and the beam is directed a t  an o f f i c e  4 meters away. 
900 s c a t t e r  is d i rec ted  towards an o f f i c e  2 meters away. 
protect ion is required i n  both places. 
c lose t  a t  3 meters with a 
Treatments a r e  a t  30 cm. 

The machine is i n  a 
The 

On the  other s i d e  there  is a 
Complete 

calculated minimum 10 per cent  time occupancy. 

U =a3 rhm 
T1=1 ( f ron t  o f f i c o )  
T 2 = I  ( s ide  of f ice)  
T 3 =  .1 ( c lose t )  
D = 17 f t  (from Table 1) 
d = .3 meters 
S '2 meters t o  o f f i ce ,  3 meters to c lose t  

O f f  i c e  

Side Office 

To Closet 

Therefore, the  b a r r i e r  requirements f o r  both o f f i ces  and the c lose t  
a r e  8s follows: (cesium is shown f o r  comparison). 

Direct  Beam Sca t t e r  t o  Sca t t e r  t o  
Side Office Closet - t o  Office . .  \ 

Lead(cm) Concrete(cm) Lead(cm) Concrete(cm) Lsad'(cm) Concrete(an: 

co 60 u.7 76.2 0.73 u.7 0.42 10.1 

(39137 7.2 59.7 0 e32 12.6 0.18 8 e 1  

Each of t h e  various f ac to r s  enter ing into t he  modification 
of r ad ia t ion  exposure has a d i f f e r e n t  e f f e c t  on the b a r r i e r  thickness 
requirement. In Fig. 3 the e f f e c t  of the exposure r a t e  U is shown 
f o r  both concrete and l ead  f o r  the  f r o n t  wall  and a side wall. The 
standard conditions that were s e t  up f o r  Fig. 3 through Fig. 8 are 
as follows: 



U ~ 2 4 3  rbm 
T = 1 (48 hrs) 
D 6 10 (3 meters) 
d2= .1 (30 p) 
~ 2 ~ 1 0  (3 meters) 

Note i n  Fig, 3 that a change i n  exposure r a t e  is very rapid from 0 
exposure t o  the  exposure expected from a low output machine. 
rhm the  b a r r i e r  thickness i s  80 cm of conmete  for a cobal t& machine. 
For a very  l a r g e  curiage machine, one giving a 100 r/min, t h e  b a r r i e r  
is approximately 100 cm, Thus, there  is l i t t l e  saving t o  be expected 
from changing the  exposure rate of the m-chine and it i s  probably just  
as cheap t o  design a room f o r  a large pachine as it is  f o r  a small 
machine . 

A t  243 

In Fig, 4 t he re  i s  shown t h e  e f f e c t  of the  f a c t o r  T on 
bar r i e r  thickness.  
as t o  the  usefulness of an  ad jo i r ing  room one might just  a s  well  
agsume that the re  w i l l  be fu l l  usage and design accordingly. 
only when the  expected occupancy of an ad jo iHng  room falls less  than 
10 per cent of full time occupancy does the re  appear t o  be any saving 
in b a r r i e r  thickness. 

For a l l  p r a c t i c a l  purposes, if  there  i s  any doubt 

It i s  

D r .  Hoecker of  Kansas has brought up a ser ious object ion 
t o  t h e  d e f i n i t i o n  of t he  f a c t o r  T as given. Factor T assumes t h a t  
the  beam of  r ad ia t ion  is on during the entire @-hour period. 
was the  impression of t he  members o f  Subcommittee No, 4 that under 
optium use, it would not  be expected that the  beam would be i n  the  
llonlt pos i t ion  more than about 50% of the  working week. An attempt 
i s  being made t o  gather d a t a  on the ac tua l  d a i l y  exposure hours of 
present-day r ad ia t ion  machines. 

It 

Another f a c t o r  in determining the time f a c t o r  f o r  a spec i f ic  
w a l l  is espec ia l ly  important i n  the  case of the  machine where. r o t a t i o n a l  
therapy o r  high maneuverability i s  possible  so that the  beam can be 
pointed i n  various d i rec t ions .  
supervoltage i n s t a l l a t i o n s  is  usually directed toward the f l o o r ;  
however, such f ac to r s  may not be true f o r  r o t a t i o n a l  machines. 

The usefu l  beam f o r  most present-day 

In Fig, 5 t h e  e f f e c t  of dis tance (D) on b a r r i e r  thickness 
is shown. Curves are drawn out  t o  a dis tance of 90 meters and have 
a strong e f f e c t  on barrier thickness.  
t he  practical l i m i t s  of ordinary room s izes .  Even a small increase 
i n  the  size of  t he  room has a marked e f f e c t  on the  thickness of the 
b a r r i e r  required t o  give protect ion.  
ou ts ide  rooms where the  neares t  occupied space is many meters away 
can make a big saving in the  cos t  o f  t he  shielding necessary f o r  a 
te le therapy machine. 

T h i s  is  espec ia l ly  true within 

For t h i s  reason the  use of 

In Fig. 6 t he re  is shown the e f f e c t  of treatment d i s tance  
(d) on b a r r i e r  thickness.  
e f f e c t  t h e  sca l e  on the c m e  i s  l a rge r .  Also, the  treatment d i s tances  
are r e l a t i v e l y  fixed between 30 and 100 cm and any shielding would have 
t0 be calculated for t he  minimum (d) possible  with the machine in  question. 

Although the curves appear t o  show a marked 

t 1 3 b 1 8 1 - r  



In Fig. 7 is shown the  e f f e c t  o f  S on ba r r i e r  thickness. 
For 4 1  prac t i ca l  purposes t h i s  f a c t o r  S I s  an i p l i c a t i o n  o f  room 
width, 
siqe a l o w s  a marked decrease in wall thickness. 

put together on one cha r t  fo r  comparative purposes. The dis tances  
from the source to the  nearest occupied space a r e  shown t o  be t h e  
mast influential  f a c t o r s  i n  determining wall thickness. The next 
figure (see Fig. 9)  shows a possible  design of a te le therapy  room. 
Given constants f o r  this room a r e  show- i n  the following t ab le :  

As in the case of the D f a c t o r  even a small increase in room 

In Ng. 8 a l l  of t he  f a c t o r s  affedting w a l l  thickness are 

Given ~ 0 6 0  u g e  ~ 9 6 0  Large CP 
Constants Machine Machive Machine 

U 243 rhm 2700 rhm 1800 rhm 
T 
n Variable 
d 0.30 meters 0.7 50 1.3 0,5 t o  0.9 

S Variable 

1 for occupied space o r  0.1 f o r  unoccupied space 

meters rpetsrs 

small Co:dt 6o Unit 
(Corner room entered through maze 3rd f l o o r )  

A Wall 
B Wall 
C WaU 

D & E Walls 

Floor 
Ceiling 

Outs i d  e Wall 20 n5ter.s ts nsarest  occupancy 
Outside W @ l  10 n ~ k r s  to  nearast occupancy 
Inside b J a y  sf:st-ter 1 meter t o  neares t  

occllpancy 
Inside IKLl 903 s c a t t e r  3 meters t o  nearest  

occupancy 
4 msters t o  neares t  occupancy 
3 meters t o  nearest occupancy 

A W a l l  B = .00625 (1250) = 0.032 

B W a l l  B =i ,00625 (l3.0) = 0.0028 

c W a l l  

D&E Walls Bs= 6 2 5&9) = 0,021 

Floor B = .00625 (181 = 0,00046 

Ceiling B = ,00625 (10) = ,00026 

15 Fnches of concrete, 13 inches 
of  marble, 2.8 inches of lead 
24 inches of concrete, 21 inches 
of marble, 4.5 inches of lead 
l.4 inches of concrete, 12 inches 
o f  marble, 1 inch of lead 
9 inches of concrete, 8 inches 
of marble, 0.5 inches of lead 
30 inches of concrete, 26 inches 
of marble, 5.3 inches o f  lead 
32 inches of concrete, 28 inches 
of marble, 6.1 inches of lead 

243 (1) 

243 (1) 

243 (1 
6.25 (.OS) (1) = O,OOZ3 

243 (1) 

243 (11 

If, instead of using t h e  small machine 0s the t ype  example, 
a 2700 rhm cobal t  machine were used, the  thickness o f  the A w a l l  would 
be 23 inches r a t h e r  than 15 inches of concrete, 
source were used, the thickness o f t h e  w a l l  would be 18 inche r a t h e r  
than 15 inches, In t h e  case of the  B wall  f o r  a large cobe.ltgO machine, 

IT a large cesium 

i l 3 b l G S  
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the thickness of B wall would be 32 inches r a the r  than 24 inches; and 
f o r  t h e  large cesium machine, the thickness would be 24 inches of 
concrete as in  the  case of the small cobal t  machine. 

The window in C wall could be made of a standard 2 inoh 
Corning o r  Penbarthy Hi-Density Glass, and could be as large as the 
budget permits. 
equal fa that of the E wall. 
cumbersome and expensive door, it would be less  srymsive t o  insert 
a s t r i p  of extra sh ie ld ing  on the D wal l  .bo shedow Lb.9 m3a so t h a t  
ordinary wooden doors could be usqd, Zk-cpsriericl-3 E1x s l ~ o i ~ . ~  t h a t  there  
i s  danger of sca t te red  r ad ia t ion  l@,IkI.iIz ars-md 7-,k3 cztrance w e .  
It would be possible  to decrease the  t h l c k ~ e s o  of tho f l o o r  and t he  
ceiling by placing t h e  required thickness only d k e c t l y  over and under 
the machine and sca l ing  down to  thickness as one extended a t  an angle 
from t h e  poei t ion of the machine. 

The doors would have to have a b a r r i e r  e f f ic iency  
S h c e  t h i s  would make for R very 

There is  soon to be a repor t  of  the  F'ational Committee on 
Radiation Protect ion Subcommittee on fXzimn P3miss ib l e  Exposure 
from External Sources of RadiatioL:t. 
under the chairmanship of Dr. F a i i l s  8 . ~ 7  wiil c o x a h  an extensive 
set  of recommendations on the problems of tne d e f i n i t i o n  of an 
occupied area and the maximum permissible exposure. 
has an excel lent  discussion of S t ruc tu ra l  X-ray Protect ion in Progressive 
Architecture,  June 1951, pages 98-101. 3 e r e  is  an MX repor t  on the 
"Construction of  Cheap Shields : 4, 5~rvey~~l-y 3 e c C c r e  Eochtall ,  111, 
AECD-3352, published January 16, 1950, Te:l.r,i%.i I r ;C~r-~~t . lcn  Service, 
United States Atomic Euergy Commission, C q k  2 l C ~ 2 ~  ~ C C M X W ~ .  

various kinds of high d e n s i t y  ores  i n  the  ,~n~,:-~te zdx. 
a steel aggregate can be used to obta in  d e x  i ~ d  3s tlcree times the 
normal dens i ty  of concrete. A t a b l e  i s  gi7Qil cl' tine cha rac t e r i s t i c s  
of hematite, barytes, galena, iron dust ,  F-cr. shot, mud shot ,  and various 
o the r  heap aggregates. The construct ion prablems which come up in using 
auch aggregates are discussed i n  d e t a i l .  G. W. Norgan of the  Isotopes 
Division, AEC, has published an a r t i c l e  which gives some simple 
der ivat ions of the basic  formulas which a r e  used i n  determining dosage 
rates and shielding values f o r  both beta and gamma rad ia t ion .  
coneiderable amou.n$ o f  Cata is given i n  tabular  and graphic form on 
t h e  shielding values of the  most commonly ussd shielding mater ia ls .  
This is published a s  Isotopes Division Bulletin-4, November 1948, 
under t he  t i t l e ,  1?30me P rac t i ca l  Considerations in Radiation Shielding". 
Baldereton,. J. L., Taylor, J. J., and Eaucker, G. J.have published 
"Nomograms f o r  the  Calcclat ion of  Gamma Shielding", November 15, 1948, 
AXD-2934. Nomograms were given in t h i s  paper f o r  the ca lcu la t ion  o f  
sh ie ld ing  required f o r  gamma ray sources at  various geometries and f o r  
somcea subtending small angles. 
in us- these nomograms a r e  discussed a d  the basic  equations used in 
drawing the graphs are described in d e t a i l .  M. H. H u l l  discusses t h e  
"Penetration of Gamma Rays Through Thick Layers" i n  physical Reviews, 
Vol. 73, pp. 852-62, 19-48. Hull discusses the  degradation of energy 
of photons by scatter as they pass through a medium. 
of shdte?.ding nuclear rad ia t ions  primarily as they apply to nuclear 
r eac to r s  of including the sh ie ld ing  f o r  gamma rays is  given in "The 

T h i s  hazd3osk is being prepared 

D r .  C a r l  Braestrup 

This 
reviews techniques of monolithic zcn ,F= 5 3  c a x u  i;:-ion using 

2cr example, 

A 

The advantages and e r ro r s  ixralved 

The basic  pr indiplea 



Shielding of Nuclear Reactors", M. Le Goldbargsr i n  the  Science and 
Engineering of Nuclear Power, Vole 2, ppe 196-206, 1947-8, March 18, 
1947, AM; Fi l e  No. NP-159. 
on t h e  simple exponential  absorpt ion law of gamma rays in air ,  water, 
i ron  shot, and l ead  shot a r e  given in a repor t  on Nuclear Shielding 
Studies: 
Report 22 by Jules S. Levin, John W ,  Weil, and Clark Goodmar,. AEC 
File No, NP-875, June 15,  1949. 
gamma rays in dus t ,  voids, and various wide-ang?,o o f f s e t  beT:s in 
concrete sh i e lds  are discussed i n  A E  File No. !I-'-3370 by CLw'r- 
Goodman and T,  S. Gray, December 31, 1950, A 6 a k i l e d  study -C %he 
gamma ray transmission through both f i n i t e  s l abs  and large t:Cclmesses 
of heavy materials  is  given by Glenn He Teedles i n  "Gamma &-.g 'Ti-ansnission 
Through Finite Slabs", AECD-3239, July 23, 1951 and T-155 (Earid, June 8, -. - . _ I  , . 
1950) 

The very in t e re s t ing  problem of  divergents 

I1 Gamma Rag Ioniza t ion  i n  Spherical Geometry; Techrical 

The problem of  "uhe a t tenuat ton  of 



TABLE I 

DOSE RATE REDUCTION PRODUCED BY DISTANCE 

Distance 
Meters Ft. 

Distance 
Factor (D) 

Distance 
Maters Ft. 

Distance 
Factor (DI 

3 10 110 9 03 

10 9.6 35 

15 

50 

125 

260 4 17 

22 15 270 

26 480 5 

20 

20 

25 

100 

40 790 

1250 7 

25 

8 

52 

62 50 

6600 68 200 

27000 30 89 100 

4.00 56~00 



TABLE I1 

Thickness of Protect ive Barr ier  f o r  High Energ Gamma Radiation 

When t h e  exposure r a t e  is 25 r/min a t  one meter from 
t h e  source t h i s  t a b l e  shows the thickness  of lead ,  
marble o r  concrete required t o  reduce the  r a d i a t i o n  
t o  the maximum permissible l e v e l  (0.3 r/week) so  
that a person could work 48 hours per week d i r e c t l y  
i n  t h e  path of t h e  beam t e n  t o  t h i r t y  f e e t  from the 
source 

Inches of Inches of 
Lead Marble 
Barrier  Barrier 

Inches of 
Concrete 
Barrier 

Distance 
from Source 
t o  Person 

10 f e e t  

1 5  fee t  

20 feet 

3 0  f e e t  

! 
I 

Gamua Rays Trom a Source of 

0 a 
+, 
rl 
(d 
P 
0 u 

7 3/4 

7 

6 3 / 4  

6 1/4 

I 

3 3/4 

3 1 / 2  

3 1/4 

3 

26 1 /2  42 
! 

24 23 1 ;: 
21 j 33 1/2 

i 

28 l/4 
i 

26 1/4; 
i 

I 
24 1/4i 



T A E E  I11 

Relat ive Lead Equivalence o f  k r b l e  and Concrete a t  Various Radiation Energies 

Where the  required b a r r i e r  is 1 inch thickness of lead 
the t a b l e  shows the  required thickness o f  marble and 
concrete.  
increasingly more e f f e c t i v e  but a t  lower energies they 
a r e  less e f f e c t i v e  i n  stopping rad ia t icn .  

A t  higher energies marble and concrete become 

Energy i n  kev 

Cesium Cobalt 

200 500 661 800 1000 1200 2000 

Inches o f  Marble 36 1/2 a 3/4 7 5 112 5 4 1/2 4 1/2 

Inches o f  Concrete w 1/2 10 8 6 114 5 112 5 5 

The t h i c h e s s  of marble required is roughly 0.88 that of concrete. 



TABLE N 

Relat ive Lead Equivalence of &rble and Concrete 
a t  Diagnostic X-ray Tube Potent ia l s  

If a thickness  of 1 /64  inch of  l e a d  i s  re- 
quired f o r  p ro tec t ion  from an  x-ray machine 
operat ing a t  150 kvp then 1.29 inches o f  
marble w i l l  g ive t h e  same degree of protec- 
t i o n .  A t  these  very low r a d i a t i o n  energies 
marble and concrete a r e  much l e s s  e f f i c i e n t  
i n  stopping r a d i a t i o n  than they a r e  a t  higher 
energies . 

Tube Poten t i a l  

Thickness of  150 kvp 200 kvp 
Lead Inches 

Marble Concrete Marble Concrete 
' Inches Inches Inches Inches 

1/64 
1/32 
3/64 
1/16 
5/64, 
3/32 
7/u 
118 
9/64 
5/32 

1.29 
2.28 
3 -39 
4.21 
5.20 
6.02 
7.13 
7.99 
8.82 
9.69 

1.50 
2.60 
3.36 
4.30 

6.81 
8.03 
9.06 

10.00 
11.02 

5 091 

1.22 
2.13 
3 015 
3 094 
4.84 
5.55 
6.54 
7.32 
8.11 
9.02 

1.38 
2.44 
3.58 
4.49 
5.51 - 
6.34 - 
7.44 
8.35 
9.25 
10.24 
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FIG. 7 .aiE EFkLCT OF ROOM WIDTH (S) ON BAhxlER THIQ~NESS 
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MTNUTES OF THE JUNE 2ND I E E T I N G  OF SUBCOIGdITTEE NO. 5 
CLINICAL PROGRAbi SUBCOMMITTEE 

MEMBERS PRESENT: Dr .  C. C. UcClure, Vanderbil t  Universi ty  
Dr .  Robert Andrews, Bowman Gray School of Medicine 
Dr. Gilber t  H. Fletcher ,  M.D. Anderson Hospital  
D r .  H. B. Hunt, Universi ty  of  Nebraska 
D r .  H. Stephen Weems, Emory University 
D r .  Isadore hreschan, Universi ty  of Arkansas 
D r .  Sidney Rubenfeld, New York University 

D r .  Herbert D. Kerman, Universi ty  of Louisv i l le  
D r .  Marshall Brucer, ORINS Medical Division 

Bellevue Medical Center 

The June 2nd Meeting of Subcommittee No. 5 ,  Cl in ica l  Program 
Committee, met a t  t h e  New York University, New York City. 
meeting was conducted by D r .  Sidney Rubenfeld, Chairman. 

The 

D r .  Rubenfeld opened the  meeting wi th  a quest ion t o  c l a r i f y  
whether this subcommittee i s  t o  be concerned with t h e  therapy program 
f o r  both t h e  high curiage and low curiage therapy un i t s .  D r .  Brucer 
s t a t e d  t h a t  it was his opinion t h a t  this was t h e  o r i g i n a l  t h ink ing  of 
t h e  Teletherapy Evaluation Board a t  t h e  August 8 th  Meeting 1952, and 
t h a t  this opinion was shared with Subcommittee No. 2,  Small Source 
Design, which ne t  on Apri l  1 2 ,  1953. During t h e  ensuing discussion, 
Dr. Fle tcher  wanted t o  know whether t h e  cos t  of  the small therapy u n i t  
could be kept low enough t o  make t h e  u n i t  competitive with t h e  250 
kv X-ray unit. The C l in i ca l  Progrm Subcommittee was informed t h a t  
Subcommittee No. 2 agreed t h a t  t h e  u n i t  could be competitive with a 
250 kv X-ray u n i t  providing t h e  cos t  of construct ion of t h e  shielding 
head could be maintained a t  $10,000 or less. 
was informed t h a t  this c r i t e r i o n  had been given t o  two o r  th ree  
commercial companies in t e re s t ed  i n  designing a low curiage therapy 
unit . 

Also, t h e  subcommittee 

D r .  Andrews asked if t h e  production and a v a i l a b i l i t y  of rad ioac t ive  
sources fo r  t he  l a r g e  te le therapy  u n i t  had changed appreciably 
s ince  t h e  l a s t  meeting of  t h e  Executive Cormnittee. 
was informed t h a t  t h e  a v a i l a b i l i t y  of  rad ioac t ive  sources had not 
changed appreciably and t h a t  cobal t  i s  ava i lab le  t o  t h e  ex ten t  
announced by t h e  Isotopes Division f o r  some requirements wi th in  t h e  
next year or two. Unlimited l a rge  cobalt6* sources w i l l  probably 
not  be ava i lab le  i n  the  near future .  However, it i s  estimated t h a t  
it w i l l  be approximately three  years before cesium137 sources w i l l  
be ava i lab le  f o r  high curiage therapy machines. D r .  Andrews then  
asked about the production o f  europium sources. Data were presented 
t o  t h e  Executive Committee showing the  e a r l y  work of  D r .  Eastwood 
and his colleagues i n  England showing t h e  longer  ha l f - l i f e  of 
europium and the  l a t e r  i n t e r p r e t a t i o n  o f  some reac to r  build-up 
ca lcu la t ions  by personnel a t  t he  Oak Ridge National Laboratory. 
The problem of europium i r r a d i a t i o n  has turned out  t o  be an excessively 
complex one because o f  t h e  build-up of daughter a c t i v i t i e s .  
has a number o f  sources ready f o r  i r r a d i a t i o n  but  will not send them 
t o  t h e  r eac to r  u n t i l  t he  current  Oak Ridge National Laboratory 
ca lcu la t ions  a re  completed. 
a more de t a i l ed  repor t  will be made t o  t h e  subcommittee a t  a l a t e r  da te .  

The subcommittee 

- - 
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Because o f  t he  complexity of t he  problem, 
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FolloPving the presentat ion of the  data on europiun, D r .  F le tcher  
suggested t h a t  t h i s  isotope be disregarded as a radioact ive 
source i n  t h e  current  thinking of te le therapy  u n i t s .  
committee unanimously concurred. 

The sub- 

D r .  Fletcher  requested addi t iona l  information regarding t h e  
minutes of Subcommittee No. 4, Housing Design, which met on May 
24th. Attent ion was cal led t o  t h e  f a c t  t h a t  the  shielding design 
f a c t o r s  which mere presented i n  t h e  minutes of the Nay 214th meet- 
ing  were based on t h e  s p e c i f i c a t i o n s  i n  t h e  National Bureau of  
Standards Handbook on Radiation Protection. Attention was ca l led  
p a r t i c u l a r l y  t o  t h e  d e f i n i t i o n  of the t i m e  fac tor ,  D r .  Veems s t a t e d  
tha t  t h e  assumptions i n  the  handbook did not always agree x i t h  
t h e  experiences of prac t ic ing  rad io logis t s .  
s t a t e d  that  i f  these  requirements had t o  be geared t o  t h e  srrall 
therapy u n i t ,  it appeared t o  be inprac t ica l .  The subcommittee mas 
informed t h a t  t h e r e  seemed t o  be considerable general  disagreement 
wi th  t h e  r e s u l t s  o f  handbook type ca lcu la t ions  and t h a t  D r .  fioecker 
and D r .  Lofstrorn of Subcommittee,No. 4 a r e  now col lec t ing  da ta  on 
the  a c t u a l  time of exposure o f  X-ray u n i t s  and tha t  these data will 
be presented t o  the  subcommittee on preparat ion of the National 
Bureau of Standards handbook by  D r .  Marshall Brucer, who i s  a member 
of that subcommittee. Since t h e  Executive Committee rzeeting, i t  hzs 
been learned t h a t  sone changes a r e  beicg made and t h a t  such changes 
will be avai lable  f o r  t h e  Rext meeting o f  t h e  subcommittee. 
D r .  Lofstrom o f  Fame University has prepared a b r i e f  summary of  his 
current  experiences. 

Also ,  D r .  Andrews 

Also, 

Date 

12-12-52 
2-11-53 
5-13-53 
6-6-53 

Exposure reading 
( b 3 )  

09021 
09137 116 
09422 LO1 
09489 468 

Tota l  o f  25 weeks - average a c t u a l  hours per week - 18.7 

Department operates appro,rimtely 44 hours per week. - - 
Monday 5/25 
Tuesday 5/26 &' 

c 
h3 Wednesday - Thursday 
w Friday 

3 hrs 
3 h r s  
3 hrs 
3 hrs 
2 hrs 

39 mins & 39 secs  
37 mins & 30 6ecs 
21 mins & 42 secs  
19 lnins & 2 1  s e c s  
30 m i m  & 30 secs  

From the foregoing da ta ,  it appears thzit the  t ine f a c t o r  could 
easily be reduced t o  0.5 and t h a t  xhen the  data  on t h e  pos i t ion  of 
t h e  beam during various therapeut ic  mneuvers a r e  avai lable ,  t h e  
time fac tor  my be reduced t o  less thaE 0.1 except i n  the d i r e c t  
downward posi t ion.  

I n  order t o  c l a r i f y  t h e  scope of a 5heraFy program t o  be 
developed by this subcommittee f o r  use with a la rge  te le therapy  u n i t ,  
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D r .  Andrews ra i sed  the  quest ion a s  t o  why the  la rge  therapy u n i t  
should have unlimited movements a s  now designed and offered f o r  
consideration a cheaper unit  tha t  could be designed t o  use an  
upright r o t a t i n g  chair ,  o r  some other method f o r  moving t h e  p a t i e n t .  
A lengthy discussion followed D r .  Andrewst question. The m b c o d t t e e ,  
without a vote,  expressed a general  opinion tha t  grea te r  advantages 
might be obtained by r o t a t i n g  t h e  te le therapy  head ins tead  of 
depending upon a r o t a t i n g  chair .  
t h a t  Subcomit tee  No. 3,  Rotat ional  Methods and Procedures, were 
i n  unanimous agreement t h a t  m a x i m u m  movements should be designed 
i n t o  t h e  prototype uni t  a s  was s t a t e d  i n  t h e  or ig ina l  meetings of 
the  Teletherapy Evaluation Board. Furthermore, following experiences 
gained i n  experiments w i t h  t h e  prototy-pe u n i t ,  it would be an  easy 
matter f o r  each u n i v e r s i t y  t o  e l iminate  the  features  t h a t  seemed 
unnecessary f o r  the c l i n i c a l  program t o  be undertaken by t h a t  
school. 

The subcommittee a l s o  was informed 

Dr. Kerman pointed out  t h a t  all medical schools w i l l  not agree 
on therapy procedures; therefore  the Teletherapy Evaluation Board 
should work out a f l e x i b l e  program i n  which those cases t h a t  a r e  
t o  be t r e a t e d  by r o t a t i o n a l  methods could be given t o  medical schools 
who purchase a u n i t  wi th  com2lete r o t a t i o n a l  features ,  and those 
cases that are not s u i t a b l e  f o r  r o t a t i o n a l  therapy could be given 
t o  schools that do not have such a uni t .  
some schools cannot provide adequate housing f o r  a r o t a t i o n a l  
therapy u n i t  and he questioned whether t h e  prepared u n i t  i s  s u i t a b l e  
f o r  s t a t i o n a r y  i n s t a l l a t i o n  and t o  be used with a r o t a t i n g  chair .  
It was  pointed out t h a t  t h e  prototype u n i t  i s  designed t o  provide 
maximum freedomyor i f  necessary r e s t r i c t i o n  of movement,for 
experimental purposes, and t h a t  from t h i s  prototype u n i t ,  each 
medical school could decide on a u n i t  with the  m a x i m u m  movements 
designed f o r  t h e i r  s p e c i f i c  purposes; and it was agreed t h a t  this 
subcommittee should not  t r y  t o  influence any medical school i n  i t s  
dec is ion  t o  buy a u n i t  w i t h  any s p e c i f i c  r o t a t i o n a l  fea tures ,  

D r .  Hunt pointed out t h a t  

D r .  Hunt wanted t o  know whether t he  small source Fachine was 
s u i t a b l e  f o r  r o t a t i o n a l  therapy. The subcolllmittee was informed t h a t  
t h e  Subconnnittee on Small Source Design had agreed t h a t  they  did not 
want r o t a t i o n a l  therapy wi th  t h e  small uni t .  
t o  ob ta in  such c h a r a c t e r i s t i c s  i n  t h e  small u n i t  would increase  t h e  
cos t  t o  f a r  beyond $10,000. 

15 wss pointed out t h a t  

Dr. Fletcher  pointed o u t  t h a t  it was not t h e  purpose o f  this 
subcommittee t o  design t h e  therapy u n i t s ,  but t o  develop a t e l e -  
therapy program f o r  using t h e  machines t h a t  a r e  t o  be a v a i l a b l e ;  
and fo r  t h e  purpose o f  c l a r i f y i n g  t h e  discnssion,  he pointed out t h a t  
the following units mould be ava i lab le  b y  the  end o f  t h e  cttrrent 
calendar year: 
have r o t a t i o n a l  proper t ies ;  (2) a l a r g e  r o t a t i o n a l  therapy u n i t  with 
maximum r o t a t i o n a l  proper t ies ,  but  i n  a modified design usable v i t h  
a r o t a t i n g  chai U r .  F le tcher  s t a t e d  t h a t  t h e  i ~ t i a l  u n i t s  
w i l l  b e  cobalt'' r ad ioac t ive  sources . 

- - 
LZJ 
a- 
k' - 
gr 

(1) a small source u n i t  of  a f i x e d  type which w i l l  not  

Dr. Andrews xanted t o  knox -.-{hat c l i n i c a l  work remained t o  be 
done wi th  t h e  small u n i t  i n  a f ixed pos i t ion  which had not a l ready 
been done by Scandinavian o r  Znglish rad io logis t s .  D r .  Fletcher  
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was of t h e  opinion t h a t  even though the  work has been done wi th  
other un i t s ,  this need not prevent the  Teletherapy Evaluation 
Board from proceeding wi th  plans f o r  using small  source uni t s .  
D r .  Andrews r e i t e r a t e d  his statement t h a t  t h e  motivating force 
of the  subcommittee was t h e  evaluation of te le therapy  u n i t s  and 
pointed out that  a unit such a s  t h e  small source could be made and 
marketed by anyone; therefore ,  he again questioned the  a d v i s a b i l i t y  
or" proceeding with such a uni t .  
a unit of approximately 250 kv equivalent wnich could be des i rab le  
f o r  shor t  d i s tance  therapy a t  approximately 50 cm using ganma rays. 
He a l s o  s t a t e d  t h a t  a p a t i e n t  t rea ted  under such conditions might be 
b e t t e r  off  than  a p a t i e n t  t r e a t e d  with a 250 kv u n i t .  He f e l t  t h a t  
this s u b c o d t t e e  should determine whether or not this i s  t rue .  

D r .  Meschan s t a t e d  t h a t  here was 

D r .  Kerman s t a t e d  t h a t  t h e  Teletherapy Evaluation Board had the  
unusual opportunity of developing a wel l  defined c l i n i c a l  experinexit 
and suggested t h a t  this was t h e  primary aim of t h e  Teletherapy 
Evaluation Board as s t a t e d  i n  t h e  Radiology E d i t o r i a l  published by 
the  Executive Cormnittee. 
he suggested t h a t  each p a r t i c i p a t i n g  medical school be responsible 
f o r  t r e a t i n g  a small number of cases and add t h e i r  data t o  t h e  pool  
of data  t o  be co l lec ted  from other  par t ic ipa t ing  schools. 
Kerman then  made a motion t h a t  75% of the  time o f  a therapy u n i t  be 
devoted t o  an  experimental program under %he d i rec t ion  of t h e  
t h e r a p i s t  a t  the  medical school and t h a t  the  reinaining 25% be 
devoted t o  a well defined program o f  this subcommittee, 
w a s  seconded by D r .  Meschm and unanimously carried.  
than  made a motion t h a t  t h e  body be divided i n t o  regions with se lec ted  
tumors and that the  subcommittee develop a de ta i led  program f o r  
each region using t h e  l a r g e  and small te le therapy  u n i t s  and o t h e r  
e x i s t i n g  equipment and t h a t  each medical school u t i l i z e  25% of t h e  
time of  t h e i r  t e l e t h e r a p y  mac'nine i n  following this program. The 
motion was seconded by D r .  McClure. 
t o  voting on t h e  reso lu t ion ,  D r .  Xeschan pointed out t h a t  t h e  sub- 
committee membership should be subdivided and t h a t  one or  two members 
take a s e c t i o n  or  a region of t h e  body and develop a therapy program 
u s i n g t h e  s&ll  source u n i t  in a fixed posi t ion,  and the large 
r o t a t i o n a l  un i t ,  with immediate emphasis devoted t o  t h e  small  therapy 
u n i t  inasmuch as it i s  immediately ava i l a b l e .  
that  t h e  subcormittee r e p o r t  back a t  a f u r t h e r  meeting. 
purpose of clarifTying t h e  25% time usage o f  a un i t  under t h e  Board 
supervised progran, D r .  F le tcher  asked whether he must s e l e c t  one 
out of every four  p a t i e n t s ,  f o r  example, cancer of the  cervix,  o r  
could he assume t h a t  during t h e  course o f  a days' ivork, he would 
take  t h e  d iseases  i n  t h e  order  i n  which he normally receives  them 
i n  his department an2 devote approximately two hours a day i n  t r e a t -  
ing var ious cases. 
m o s t  des i rab le  and t h a t  t h e  25% t i m e  of a Board supervised program 
need not necessar i ly  be r i g i d  but  may be f lex ib le .  The subcommittee 
agreed with D r .  F l e t c h e r ' s  suggestion t h a t  o d y  a -me11 defined group 
of cancers be chosen f o r  t h e  25% time usage o f  t h e  machine. 
should include those cancers vhich are  p o t e n t i a l l y  cuyable but  
seldom are  and t h a t  the experiment be bui ld  around this group. D r .  
Meschan pointed out t h a t ,  i n  e f f e c t ,  this mould be lvriting a manual 
on radiotherapy f o r  those diseases  and the subcommittee agreed t h a t  
this m u l a  be a des i rab le  th ing  f o r  the  subcormittee t o  do. 
Meschan suggested t h a t  t h e r e  be a d e f i n i t e  procedure f o r  t h e  s e l e c t i o n  

A s  an example of how this could be accomplished, 

D r .  

The motion 
D r .  Meschan 

I n  t h e  discussion period p r i o r  

He fur ther  suggested 
For t h e  

it was agreed t h a t  the  l a t t e r  method i s  t h e  

These 

D r .  
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of  p a t t e n t s  with a s p e c i f i c  disease t o  be t rea ted  i n  order t o  
elimii:-te the element of human e r r o r  i n  the select ion.  
point  t h e  committee unanimously approved D r .  Edeschant s motion. 
The subcormittee then  se lec ted  t h e  body regions and tumors i n  
each region and assigned them t o  coxni t tee  members as  follows: 

A t  this 

Region No. Sody Region Subcommittee 

1 
2 
3 
li 
5 
6 

7 
8 

Brain 
Head and Neck 
Breast  
Uterus 
Esophagus and Lungs 
Testes, Bladder, 
P i t u i t a r y  and 
Urinary Systems 
Ovaries 
Lymphoma 

D r .  Hunt 
D r .  Fletcher  
D r .  XcC3.ure 
Drs. Ueschan and Andrews 
9r. Veems 
Drs. Tice and Kerman 

D r .  Xubenfeld 
D r .  zeeves 

These a s s i g m n t s  were made t o  allow each member t o  devote his 
e n t i r e  e f f o r t  t o  developing a recomended manual of procedure i n  
s e l e c t i n g  s F e c i f i c  cases wi th in  the  assigned area and t o  recommend a 
method of therapy f o r  the approval of t h e  Teletherapy Evaluation 
Board. 

The subcommittee then  discussed a procedure f o r  2stabl ishing a 
form f o r  recording the therapy  procedure and c l i n i c a l  data. I t  ;vas 
agreed t h a t  t h e  form would e s s e n t i a l l y  contain the c l i n i c a l  h i s t o r y  
of t h e  p a t i e n t  and t h a t  t h e  c l i n i c a l  h i s t o r y  i t s e l f  would dete-mine 
t h e  regime t o  be followed. For example, the c l i n i c a l  h i s t o r y  ,xight 
i n d i c a t e  one of t h r e e  possible  suggested procedures o f  therapy. 
Rubenfeld asked i f  there  was t o  be a c e n t r a l  f i l e  f o r  t h e  c l i n i c a l  
h i s t o r y  of a l l  p a t i e n t s  t r e a t e d  under t h e  25% cooperative therapy 
program. The subcormittee unanimously agreed t h a t  there  should be 
such a c e n t r a l  f i l e  and agreed 'chat this f i l e  should be adeqmte lg  
supervised. They a l s o  agreed th2.t i n  t o  maintain a c e n t r a l  
l i a i s o n  and uniformity of procedure the  subcomnittae member i n  charge 
of t h e  file should p e r i o d i c a l l y  visit the various rcedical schools 
which a r e  par t ic ipa t ing .  
a uniform c l i n i c a l  protocol  f o r  widely varfing diseases ,  
disease would have t o  have a special ized Torm. D r .  Rubenfeld ex- 
pressed an opinion t h a t  t h e  arran2er.ent of the protocol should be 
s u i t a b l e  f o r  IBM t a b u l a t i o n  and t h a t  nar ra t ive  or  descr ip t ive  
summaries should be avoided a s  much as  possible,  
a motion t h a t  there  should be a n  individual  protocol f o r  each disease 
i n  a given region and t h a t  the  member assigned t h e  disease should 
design such a protocol.  A t  the  next meeting or" the  subcommittee, 
these  protocols should be presented f o r  revis ion.  They s h m l d  a l s o  
be arranged f o r  p resenta t ion  t o  the  e n t i r e  Teletherapy Zvaluation 
Board a t  i t s  next a annual meeting, The riotion was seconded by D r .  
Kernan and approved by t h e  subcommittee. D r .  Yeschan made a motion 
t h a t  an adminis t ra t ive s e c r e t a r y  be obtained f o r  the adminis t ra t ive 
d e t a i l s  of record keeping and t h a t  the secre ta ry  be under the  
guidance and d i r e c t i o n  o f  the Teletherapy Evaluation Board. 
not ion mas seconded by D r .  Kernan and unanimously carr ied.  Dr, 
Kerman made a motion t h a t  there  be an evaluation of t h e  program 
records a t  s t a t e d  i n t e r v a l s  by t h e  e n t i r e  membership of the 

3r. 

D r .  Reems pointed out t h a t  there  cannot be 
Zach 

1 

I 

L L J  

c- 
b.2 
I_ 

a- 

C r .  7 le tcher  made 

The 
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Teletherapy Evaluation Board. 
Fletcher  and unanimously car r ied .  

The motion was  seconded by D r .  

The subcommittee voted t o  recommend t h a t  the next meeting 
of the  subcommittee be held i n  Oak Ridge a t  the time of t m . M g e n  
Ray Socie ty  meeting, i n  t h e  week of  September 29 t o  October 6 .  
T h i s  would allow members t o  a t tend  both meetings on one t r i p .  
The Motion was seconded by D r .  Weems and carried.  During the  
discussion t h a t  followed, it was pointed out t h a t  a meeting i n  
l a t e  September, f o r  t h e  purpose of approval of therapy data forms, 
would not leave enough time f o r  redraf t ing  t h e  f o r m  f o r  suSmission 
t o  the  Teletherapy Evaluation Board c u r r e n t l y  scheduled t o  meet 
on the  1 0 t h  of October. D r .  hieschan suggested t h a t  t h e  d a t e  of the  
Teletherapy Evaluation Board be delayed. 
t h a t  t h e  subcormittee recormend t o  the  Executive Conlmittee t h a t  
they  postpone the next meeting dnte of t h e  Teletnerapy Evaluation 
Board t o  l a t e  i n  December o r  e a r l y  January and t h a t  Subcommittee 
No. 5 meet again on a d a t e  preceeding the  meeting of t h e  Teletherapy 
Evaluation Board. 

D r .  Kerman made a motion 

The motion Pias seconded by D r .  Hunt and carr ied.  
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MINUTES OF THE JUNE 32D XEETING OF THE EXECUTm COiiFITTEZ OF THE 
TELETBFAPY EVALUATION BOARD 

!-.- 

MENBERS PRESXNT: D r .  
D r .  
D r .  
D r  . 
D r .  
D r .  

Robert J. Reeves, Duke University 
H. D. Kerman, University of Louisvi l le  
C.  C. McClure, Vanderbilt University -+..d- 3 

Sidney Rubenfeld, Bellevue Medical Center 
Galen U. Tice, University of Kansas 

5, 

' 

\i, 
F- 

Marshall Brucer, ORINS Medical Division 
t 

I ,t) ,'-T 
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The Executive Committee of t h e  Teletherapy Evaluation Board 
:. -. -:T'F, met on June 3 a t  t h e  New York University College of Medicine 

Building, New York City. The meeting was opened wi th  a review of 
t h e  minutes of t h e  January 25' Executive Committee meeting. D r .  
Brucer summarized various d i r e c t i v e s  o f  t h e  January 25 meeting, a l l  
of which have been completed except t h e  wr i t ing  of a s e t  of by-law.  
It was agreed t h a t  t h e  Chairman should prepare a s e t  of by-law,  
possibly patterned a f t e r  those of the  Oak Ridge I n s t i t u t e  of Nuclear 
Studies,and present them f o r  approval a t  t h e  next meeting of t h e  
Ekecutive Committee. D r ,  Kerman made a motion t h a t  the  minutes of 
t h e  January 25 meeting be approved as wr i t ten .  
seconded by D r ,  McClure and unanimously carr ied.  
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' I  

The motion was 

The Subcommittee was asked i f  they  desired a de ta i led  review 
of t h e  minutes of Subcommittees No. 1 t k o u g h  130. 4. 
t h a t  a review was unnecessary and a motion by D r .  Rubenfeld, seconded 
by D r .  Tice, expressed approval o f  t h e  minutes of these  Subcomit tees .  

I t  was agreed 

REVIEW OF THE CURFENT STATUS AND DEVELOPIdENT OF THE LOW 
CURIAGE MACHINE. 

The Subcommittee reviewed t h e  design of t h e  small  t e le therapy  
u n i t  a s  now planned by t h e  engineers of t h e  W. F. and John Barnes 
Company, consis t ing of a spher ica l  cast ing i n  two sec t ions ,  the  
outer  segment s l i g h t l y  d is tor ted  with a p n e m a t i c  device f o r  operat- 
ing  t h e  source wheel. It was s t a t e d  t h a t  t h e  Barnes and other 
i n t e r e s t e d  companies have been informed t h a t  th is  u n i t  could not 
be p r a c t i c a l ,  and competitive with standard X-ray equipment, unless 
t h e  cost  could be maintained a t  $10,000 or less. T h i s  estimate 
does not include the  cost  of t h e  radioact ive source and tha t  of 
loading, 

Then f o l l  wed a discussion of t h e  s i z e s  and t h e  s p e c i f i c  a c t i v i -  
t i e s  of cobaltgo sources cur ren t ly  ava i lab le  o r  e q e c t e d  t o  be 
ava i lab le  i n  t h e  near future .  Several  design pa t te rns  were d i s -  
cussed which would allow t h e  build-up of about 300 curLes i n  a 2 cm 
diameter source. A double overlapping cloverleaf  d2sign i s  considered 
t o  be t h e  most 
Wn&%ke was informed t h a t  the Commission h p e s  t o  have high s p e c i f i c  
a c t i v i t y  cobalt  sources ava i lab le  i n  t h e  f u t w e  and t h a t  the 
present design of t h e  machine could u t i l i z e  a source of 30 r/min a t  
50 cm. 
shielding mater ia l  i n  t h e  construction of t h e  head and the  committee 
was informed t h a t  t h e  source wheel i t s e l f  would be constructed of - 

Hevimet and that this c o n s t r u c t i m  Wm&ct ' l resui t  in a . 

economical i n  space and curiage. The Exe-szbive 

D r .  McClure asked if Hevimet %s t o  be use? as a 

~ - -  



considerable saving i n  t h e  shielding required by lead. 
D r .  TdcClure asked if the  moving parts of t h e  uni t  would be l i n e d  
with a mater ia l  such as b r a s s  o r  s t e e l ,  and the committee was in-  
formed t h a t  various designs under consideration were such tha t  a l l  
moving p a r t s  would be l i n e d  with s t e e l  o r  brass  depending upon 
various design considerations. Therefore, theye w i l l  be no lead  
surfaces  working aga ins t  l ead  surfaces  except i n  non-moving par ts .  
The Subcommittee was informed o f  a design visual ized by t h e  OLINS 
Technical Shop consis t ing of a prefabricated spherical  s h i e l d  i n t o  
which lead  would be poured. 
method of  construction would c rea te  a degree of warping i n  the  
shielding and the housing around t h e  r o t a t i n g  wheel. 
pressed opinion of the engineers fromtwo d i f f e r e n t  companies t h a t  
such a fabr ica t ion  method could be used if allowed a tolerance 
of 1/8 inch around the source wheel. 
around the  source wheel would lower t h e  shielding proper t les  of 
t he  head an appreciable amount. 
i o n  i s  considered undesirable.  

Also, 

However, it was Teared tha t  this 

It i s  t h e  ex- 

T h i s  degree o f  freedom 

Therefore, this method of construct- 

The Subcommittee was shorn de ta i led  design prii l ts  a s  drawn 
by t h e  IT. F. and John Barnes Company. 
the u n i t  need not have a l i g h t  l o c a l i z e r ,  inasmuch as the  u n i t  i s  
t o  be used with t h e  cone i n  contact with s k i n  surface.  Also, the 
Subcommittee discussed t h e  advantages and disadvantages of cones 
constructed of brass  o r  lead. I n  view of t h e  cost  o f  lead,  it was 
asreed t h a t  the i n i t i a l  un i t  should be constructed with cones fab- 
r i c a t e d  from brass  i n  order t o  maintain a l w  unit cost .  
agreed tha t  most medical schools mould have shop time and f a c i l i t i e s  
ava i lab le  f o r  construct ing addi t iona l  cones. Folloming a de ta i led  
discussion, a motion was made by D r .  Reeves and seconded by D r .  
Rubenfeld that  the Subcommittee approve t h e  present s t a t u s  of  t h e  
design and development of  t h e  small t e le therapy  unit. 
unanimously carr ied.  

D r .  Brucer pointed out t h a t  a low curiage te le therapy  u n i t  of 
the foregoing design probably would be cormnercially ava i lab le  i n  the 
next six months, D r ,  Kerman s t a t e d  t h a t  if this i s  t r u e ,  i t  mould 
requi re  e a r l y  ac t ion  by the? Teletherapy Evaluation Board i r ,  developing 
a program of c l i n i c a l  i n v e s t i g a t i o n  using t h e  l o w  curiage machine, 
and made a motion t h a t  the Executive Committee recomnend t o  the 
Teletherapy Evaluation Board t h a t  a c l i n i c a l  inves t iga t ion  program 
be designed t o  incorporate  the use of the small head and neck uni t ,  
and t h a t  a te le therapy  program be geared t o  t h e  development of the 
small head and neck unit. 
and unanimously approved. 

It was unanimously agreed t h a t  

It was 

The motion was 

The motion was seconded by D r .  YcClure 

DEVELOWENTS OF HIGH CURIAGE EACIIINE 

The Subcolmnittee was shown f u l l  size d e t a i l e d  plans of  the 
high curiage machine as  c u r r e n t l y  designed by the W. F. and John 
Barnes Company and were inforaed t h a t  the I n s t i t u t e  would make f i n d  
approval of these plans on June 1 2 ,  and construct ion of t h e  proto- 
type u n i t  would s t a r t  immediately. The Subcommittee examined i n  
d e t a i l  t h e  design of the  Barnes uni t  and were wel l  pleased with 
the  current  s t a t u s  of the design and developnent of the u n i t .  
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SHIELDING REQUIREIvIENTS FOR HOUSING A H I G H  CLEJAGE OR LOW 
CURIAGE TELETHERAPY UNIT. 

The Subcami t tee  discussed the  problem of shielding i n  a 
room f o r  housing high curiage and l o w  curiage te le therapy  machines, 
and i t  was feared t h a t  t h i s  might be a l i m i t i n g  f a c t o r  i n  the  use 
of small curiage therapy uni t s .  
l iminery standards as  se t  f o r t h  i n  the  National Bureau of Standards 
Handbook on Radiation Erotection. 
formula f o r  ca lcu la t ing  t h e  room shielding requirements defined 
a time f a c t o r  which assumed t h a t  t h e  therapy uni t  would be on a 
t o t a l  of 48 hours per  week. 
connnittee members t h a t  t h i s  was an erroneous fac tor .  The Sub- 
cormnittee was informed t h a t  members o f  the  Subcommittee on Housing 
Designs concurred i n  this b e l i e f  and that D d e  Hoeeke?, Lofstrom, and 
o thers  were obtaining data  from old records t o  v e r i f y  the  a c t u a l  
average lltime-onll o f  t h e i r  machines during a working day o r  working 
week. 

D r .  Brucer reviewed t h e  pre- 

It was pointed out t h a t  the  

It  was t h e  unanimous opinion of Sub- 

Since t h e  Executive Committee meeting, it has been learned t h a t  
t h e  
changed and that such changes will be avai lable  f o r  the  next 
meeting. 
b r i e f  summary of his current  experience. 

National Bureau of Standards handbook d e f i n i t i o n s  a r e  being 

Also, D r .  Lofstrom of Wayne University has prepared t h i s  

Date 

12-12-52 
2-11-53 
5-13-53 
6-6-53 

Exposure reading 

09021 
09137 116 
09422 LO1 
09b89 468 

b S *  1 

Totti1 of 25 weeks - average a c t u a l  hours per veek - 18.7 

Cepartment operates approximately 44 hours per week. 

Monday 5/25 
Tuesday 5/25 
Wednesday 
Thursday 
Friday 

3 hrs 
3 hrs 
3 hrs 
3 hrs 
2 hrs 

39 min eC 39 secs  
37 min & 30 eecs 
21 min & 42 secs  
19 min & 2 1  sets 
30 min & 30 secs  

It appears that t h e  time fac tor  could e a s i l y  be reduced t o  0.5 
and t h a t  when t h e  data on t h e  pos i t ion  o f  t h e  beam during various 
therapeut ic  maneuvers i s  avai lable ,  t h e  time f a c t o r  may be reduced 
t o  less  than  0.1 except i n  the  d i r e c t  downward posi t ion.  

Instead of an  o v e r a l l  shielding of walls, f loor ,  and c e i l i n g  
a s  spec i f ied  by t h e  National Bureau of Standards handbook, D r .  
Kerman suggested considerat ion of  a s implif ied shielding arrange- 
ment u t i l i z i n g  a mobile sh ie ld  i n  c r i t i c a l  a reas  f o r  shielding the  
primary beam during therapy. D r .  Braestrupls mobile sh ie ld  was 
discussed s ince it follows a s imi la r  pat tern.  
which followed D r .  Xermants suggestion, it was pointed o u t  t h a t  

During the discussion 



addi t iona l  sh ie ld ing  n ight  be necessary f o r  the f l o o r  and c e i l i n g  
depending upon the  l o c a t i o n  of the  room and personnel tlorldng i n  
ad joining areas.  

D r .  Rubenfeld questioned t h e  p o s s i b i l i t y  of reducing the  

I n  r e p l y  t o  t h i s  quest ion the  
shielding requirements i f  t h e  small therapy u n i t  
t o  operate i n  two f ixed posit ions.  
committee reviewed t h e  minutes of the  Subcommittee on design of 
small  source uni t .  D r .  Erucer informed t h e  committee of the  
discussions which developed a suspension mechanism from a simple 
saw horse t o  t h e  present concept of a unit which would provide an 
up and down, i n  and out motion, r o t a t i o n  of t h e  head, and t i l t i n g  
of t h e  uni t .  
shie1dir.g f o r  the  c e i l i n g  and both expressed t h e  opinion tha t  
c e i l i n g  shielding mas not c r i t i c a l  a s  it f i r s t  appeared. D r .  
Brucer again reviewed t h e  formula developed by D r .  Wyckoff of the 
National Bureau of Standards and pointed out t h a t  i f  these  standards 
a r e  t o  be followed t h e  only p r a c t i c a l  var iab le  i n  reducing shield- 
i n g  requirements was a d i r e c t  funct ion of t h e  tltime-onl' fac tor .  I t  
vas pointed out t ha t  t h e  u t i l i z a t i o n  of less shielding rrould place 
r e s p o n s i b i l i t y  on the  ind iv idua l  t h e r a p i s t  t o  defigm his "time-on" 
f a c t o r  as being l e s s  t h a n  one-tenth o f  t h e  t o t a l  assumed xorlting 
week of 48 hours._ 
statement t h a t  these  standards seemed t o  be more r i g i d  than those 
c u r r e n t l y  accepted by t h e  X-ray manufacturers and might be ex- 
cessivel j j  cautious. D r .  Erucer agreed t h a t  i n  general  this was 
recognized but t h a t  some s t a t e s  were making these recammendations 
l e g a l  standards. 

could be ins ta l led  

D r .  Tice and D r .  Kerman brought up t h e  quest ion of 

Dr .  Kerman and Dr'. Rubenfe33 made t h e  

At this point  D r .  Rubenfeld requested t h e  Sabcomnittee t o  

By keeping a l l  fac tors  constant i n  the  National 
s tudy t h e  shielding required f o r  a small source and a l a r g e  source 
therapy uni t .  
Bureau of Standards foz?aula except t h e  output of t h e  te le therapy  
uni t ,  it was demonstrated t h a t  t h e r e  was a r e l a t i v e l y  small 
difference between t h e  shielding required f o r  a l o w  curiage and 
high curiage te le therapy  uni t .  
d i f ference i n  sh ie ld ing  required f o r  a 2kO rmm source and the 
sh ie ld ing  required f o r  an 1800 rmm source m e d  t o  only 20 em 
of  concrete. 

Far  example, the 

REVIZY'J OF THE PRGBLEJlI OF PRODUCTION OF EUR0PIIE.i 

Data was presented t o  t h e  Executive Committee shoxing t h e  
early work of D r .  Eastwood i n  England using short-term i r r a d i a t i o n  
of a small europium source and t h e  l a t e r  i n t e r p r e t a t i o n s  of t h e  
work by personnel a t  Oak Ridge National Laboratory, 
of europium i r r a d i a t i o n  has turned out t o  be an  excessively 
complex one because o f  t h e  build-up of daughter a c t i v i t i e s .  
The Oak Ridge I n s t i t u t e  of Nuclear Studies  has a number of sources 
ready f o r  i r r a d i a t i o n ,  bu t  will not send them t o  the  r e a c t o r  u n t i l  
the current  ca lcu la t ions  by t h e  Oak a d g e  National Laboratory 
a r e  completed. A number of discussions a r e  scheduled f o r  next 
month with D r .  Eastwood. 
a more de ta i led  report, will be made t o  the Subcommittee a t  a 
l a t e r  date. 

The problem 

Because of t h e  c o m p l e ~ t y  of t h e  problem, 



- 

-5- 

RESERVATION OF CESIUM SOURCES BY INDIVIDUAL UNJVERSITIES 

The Subcommittee was informed t h a t  t h e  United S t a t e s  Atomic 
Energy C o d s s i o n  now has 1s requests  f o r  var ious sources and 
t h a t  some of them a r e  t v o  years old. 
t h a t  commercial organizations such as General E l e c t r i c  X-ray 
Division, Picker X-ray Company, Keleket, e t c . ,  have f o r  some 
time been t r y i n g  t o  make reservat ions f o r  a la rge  number of 
cesium sources. 
sources but might i n t e r f e r e  with our  problem of keeping cos ts  of 
u n i t s  a t  a minimum.  
recommended that all u n i v e r s i t i e s  contemplating t h e  purchase of 
a te le therapy  u n i t  make appl ica t ion  with t h e  United S t a t e s  Atomic 
Energy Commission immediately f o r  a la rge  source. 
asked i f  t h e  appl ica t ion  (AEC Form-313) should be submitted t o  
t h e  Cormittee on Human Application and t h e  members were informed 
t h a t  t h i s  would be t h e  procedure, However, f o r  ex terna l  r a d i a t i o n  
sources t h e  procedure could be s implif ied by a statement from the  
l o c a l  Isotopes C o m i t t e e  t h a t  a qua l i f ied  rad io logis t  would super- 
v i s e  t h e  use of t h e  uni t .  
u n i v e r s i t i e s  ordering a source should specif  

should be taken inasmuch a s  t h e  Commission has an establ ished 
pol icy t h a t  they  will d i s t r i b u t e  sources on a "first  come, f i r s t  
servedIt basis .  D r .  IdcClure made a motion t h a t  D r .  3rucer m i t e  
a l e t t e r  informing each member univers i ty  of the  current  Atonic 
Energy Commission pol icy  on t h e  d i s t r i b u t i o n  of  radioact ive 
sources and ask each u n i v e r s i t y  t o  f i l e  appl icat ion i m e d i a t e l y  
f o r  purchase i n  t h e  next two o r  th ree  years. 

Also, it was pointed out 

This may be an excel lent  way f o r  d i s t r i b u t i n g  

Following the  discussion, t h e  committee 

The Subcommittee 

Also, it was recommended t h a t  t h e  
approximately 2,000 

cur ies  of cobalt6O or  7,000 curies  of cesi-m 937 , Early a c t i o n  

EX3CUTIVE COMTTEE I&?3ABEFtSHIP 

The Executive Committee was informed t h a t  D r ,  Arthur C. 
Guyton, University of Nlss i ss ippi  had formally submitted his 
res igna t ion  from t h e  Zxecutive Committee of  the Telethorapy 
Evaluation Board. D r .  Guyton had requested t h a t  h i s  resi ,qation 
be accepted f o r  personal reasons and pressing deiilands of other  
assigned d u t i e s  a t  the University o f  Viss i ss ippi .  Also, he i s  of 
the  opinion t h a t  t h e  Executive Committee o f  the  Board holds t h e  
r e s p o n s i b i l i t y  f o r  long range developments of the Board's program; 
therefore ,  inasmuch a s  he was o r i g i n a l l y  appointed t o  represent  
t h e  University of Mississ ippi  only un t i l  such tine as a r a d i o l o g i s t  
i s  appointed a t  t h a t  medical school, it would be des i rab le  t h a t  he 
not continue h i s  membership on this committee. It was e x p l a i E d ,  
however, t h a t  he mould r e t a i n  h i s  membership on t h e  Teletherapy 
Evaluation Board, u n t i l  such time a s  the University o f  Mississippi 
obtains  t h e  serv ices  of a ' r a d i o l o g i s t .  D r .  McClure made a motion 
t h a t  t h e  Executive Committee accept t h e  res igna t ion  o f  D r .  Guyton 
with r e g r e t  and with an expression of appreciat ion f o r  valuable 
serv ices  rendered. 
car r ied  . The motion was seconded by D r .  Reeves and 

D r .  McClure made a motion t h a t  D r ,  Carl  3. Nurnberger, University 
of Tennessee a t  Uemphis be appointed i n t e r i m  membership or! t h e  
Executive Committee u n t i l  t h e  next meeting of  the Teletherapy 
Evaluatioc Board. The motion was seconded by G r .  Kernan and 
approved, 
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The Executive Corrmittee was informed t h a t  many persons 
had s t rongly recommended t h a t  inembership t o  t h e  Teletherapy 
Evaluation Board be l e f t  open i n  order t h a t  any fu ture  appl ica t ion  
by medical schools could be accepted. D r .  B u c e r  a l s o  s t a t e d  
that the  Board of Di rec tors  of the  Oak Ridge I n s t i t u t e  of Nuclear 
Studies concurred i n  t h i s  matter. D r .  McClure made a motion, 
seconded by D r .  Reeves, t h a t  membership t o  t h e  Teletherapy Evaluation 
Board be open t o  any accredited o r  approved medical school. 
motion was unanimously carr ied.  

The 

PREPARATION FOR FC17Wa IJZXTINGS OF S~COiVMI'I'TEES AND EXECUTIVE 
CObMITTn OF THE TE'SZTH!?RAFY EV-4LUATTON BOP-RD 

The Executive Committee reviewed t h e  e,qressed wishes of 
Subcomnittees No. 2 and No. 5 f o r  the  postponement o f  the  next 
meeting of the  Teletherapy Evaluation Board previously scheduled 
t o  meet i n  October of t h i s  year. Subcommittee No. 5 has worked out 
t e n t a t i v e  plans f o r  evaluat ion programs and f e l t  that  another meet- 
ing  f o r  t h e  purpose o f  f i n a l  approval should be held before t h e  
next meeting of t h e  Teletherapy Evaluation Board; Subcommittee No. 
2 has asked f o r  a meeting l a t e  i n  August. 
meeting dates ,  D r .  Kerman made a motion t h a t  the  following da tes  
be approved: Subcommittee No. 2 on August 30 i n  Oak Ridge, Tenn.; 
Subcommittee No. 5 a t  the t i m e  of t h e  Executive Committee Xeeting 
September 27 i n  Oak Ridge; next meeting of Zxecutive Caumittee i n  
Oak Ridge on January 9 ,  195h; next 'Teletherapy Fvaluation doard 
meeting January 9-10, 195'4. It mas recommended t h a t  the  Executive 
'6mns&ttiee.&e%ng be held on the'morning of January 9 with the Teletherapy 
Evaluation Board meeting s t a r t i n g  a t  noon of  m a t  day ana continu- 
ing  through Januzry 10. 
carr ied.  
No. 2 i n v i t e  representa t ives  of medical schools who a r e  d e f i n i t e l y  
i n t e r e s t e d  i n  obtaining a small uni t .  

After discussing various 

The motion was seconded by D r .  Tice and 
Following this motion, i t  was recommended t h a t  Subcommittee 

PREPAFATION OF A STAICAFD FROFOSAL FOR A N  ATOXIC ENERGY 
ZO?%ISsI ON CONTRACT 

The Subcormnittee reviewed t h e  terita5ive di-.aft o f  a research 
contract  between p a r t i c i p a t i z g  medical schools and tne United 
S t a t e s  Atomic E n e r g y  Commission f o r  the evaluat ion or' radioact ive 
isotopes gamma r a y  sources Tor medical teletherapy. 

The members of t h e  Subcommittee approved t h e  contract  wi th  
correct ions t o  be made as suggested by various members of'the-Board 
The Chairman of the  Committee was requested t o  make the changes 
and submit t h e  revised d r a f t  t o  all members o f  t h e  Teletherapy 
Evaluation Board f o r  t h e i r  action. 

TRAINING OF CLINICAL PHYSICISTS 

D r .  Kerman brought up f o r  discussion the  problem of 
supplging t r a i n e d  c l i n i c a l  phys ic i s t s  a t  appr-imately the master ' s  
degree leve l .  
possible methods i n  which the  Telethera2y Zvaluation Board might 
be able t o  a s s i s t  i n  solving t h i s  c r i t i c a l  probiem. ?ollowLng a 
lengthy discussion,  D r .  RiJbenfeld made a motion t h a t  a Subcommittee 

He requested t h a t  a committee be formed t o  s tudy 



No. 6 ,  clirrioall' Phys ic i s t  Training Program be es tab l i shed  
and that  the Subcommittee e s t a b l i s h  a well defined program 
s e t t i n g  f o r t h  t h e  need f o r  such personnel, suggest pass ib le  methods of 
supporting a t r a i n i n g  program, and 'mke rwxnnmendatioras 
Teletherapy Evaluation Board on proposed courses of a c t i o n  f o r  
promoting t h i s  program. The motion was seconded by D r .  Tice 
and car r ied .  By acclamation D r .  Kerman of the University of 
Louisv i l le  was appointed Chairmn of th i s  'Snbcormrrittee xi. th. imtmrations 
t o  s e l e c t  other  Subcommittee members from medical schools i n t e r e s t e d  
i n  the  program 



Members Present: 

Members Absent: 

CLINICAL PHYSICIST TRAIh'IiIG 

Frank E, Hoecker - University of Kansas 
James F. Kelly, Jr. - Creighton University 
James E. Lofstrom - imyne University 
I, ivieschan - University of m-kansas 
John Tofa? - Emory University 
C a r l  E, Nurnberger - University of Temessee 
Frank Norgaa - Ehory University* 
Paul Riemenschneider - Syracuse iviemorial Hospi te l  
Wiliian G. Pol lard - OWNS 
l ~ a r s h a l l  Brucer - OREJS Piedical Civis ion 

Herbert 3. Kerman - University of Lou i s iv i l l e  
Robert J, Slaalek - 1.1. D. xndersor? Hospi ta l  
€1. Ste?hen Geems - ~ C V  Zniversi ty  

Subcommittee No. 6 on t h e  C l i n i c a l  Phys ic i s t  Training Program was authorized 
by t h e  Execative C a m i t t e e  at  i t s  June 3 meetjag,, 
Evaluation Board were invi ted  t o  a t tend ,  
Conference Room of t h e  0324s 14eZical Division at  Oak Ridge. 

A l l  members of the Teletherapy 
The m e t i n g  opened a t  9:OO a.a. in the  

I n  the  absence of Dr. Xerman, D r .  arucer  acted as t h e  tenporary chairman 
of t h e  co rn i t t ee .  
of t r a i n i n g  hosp i t a l  phys ic i s t s  and t h e  hosp i t a l  physics s i t u a t i o n  i n  other 
Eluropean countr ies .  
d i scuss ion  followed o u t l i n b k  soine of t h e  advantages and disadvantages of both 
t h e  formal and informal rcethods of r e c r u i t i a g  and t r a i n i n g  s tudents  in the  f i e l d  
of hosp i t a l  phy- 3 1 C S .  ' 

He opened t h e  meeting with a discussion G f  t he  Englizh system 

(See ?age 15 of Frucer 's  r egor t  on ELropean t r i p , )  A 

D r .  Meschan had discussed the  problem with Dr .  T.  Y. Oddie, now a t  t he  
k i v e r s i b y  of Arkansas, a d  had brought sone notes by Dr. E d i e  base? upon h i s  
x u s t r d i i m  experiences on the  problems of t r a h i n g  medical Fhys ic i s t s .  
copy of Dr .  C d d i e ' s  notes are attached.) 

(A fuU 

D r ,  Hoecker then out l ined the  new course of studjr with e igh t  s tudents  in 
attendance, a t  t h e  University of Kansas. 
is attached t o  t h i s  r e p o r t , )  The present  course a i  t(anszs leads t o  a Bachelor 's  
Degree i n  science i n  the  f i e l d  of biophysics. 
t h e  s tudent  may continue on t o  a Master's Degree i n  science i n  the  f ie12 of  
biophysics,  It i s  t h e  in t en t ion  of t h e  J n i v e r s i t y  of Kansas t o  expans t h i s  
program t o  include t h e  Doctor of Philosophy Cegree. 

( A  f u l l  copy of D r ,  Boecker's curriculxm 

i 'ollowing t h e  Bschelor 's  Degree 

Mr. Tolan brought up t h e  quest ion of requirements f o r  c e r t i f i c a t i o n  i n  
r ad io log ica l  physics by t h e  m e r i c m  Board of Radiology. 
t h i s  is  t h e  only ce r t i fy ing  board rri thin the  f i e l d .  
for c e r t i f i c a t i o n  are  abstracted from t he  hardbook published by t h e  m e r i c a n  
Board of Hac'iology. 
* 

So fzr as he i s  aware, 
The following requirements 

Represecting D r .  H. Stephen Weem who was unzble t o  a t tend.  
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The candidate fo r  c e r t i f i c a t i o n  must be of good moral ani? e t h i c a l  charac te r ;  
must hold himself out t o  be a s p e c i a l i s t  i n  rad io logica l  physics;  must be a c i t i z e n  
of the  United S ta t e s  o r  Canada; must have a Bachelor of A r t s  Degree, o r  i ts  equiy- 
a l en t ,  with a major in physical  science or engineering, and must have membership 
i n  t h e  m e r i c a n  2hysical  Society or a simil.ar organization. Following these  
general  requirenents,  a l l  candidates must have one year of post  graduate t r a i n i n g  
i n  r ad io log ica l  physics o r  i n  a r ad ia t ion  1-aboratory, In adc'ition, if t he  candi- 
da te  has announced t h a t  he i s  t o  be c e r t i f i e d  i n  "X-ray and radium physics1t he 
must have one yea r ' s  addi t iona l  experience with a departKent of  radiology approved 
by t h e  m e r i c z n  Board of Radiology in the  f i e l d  of X ray and radium. 
candidate wishes q u a l i f i c a t i o n  i n  t h e  f i e l d  of ''medical and nuclear physi(;srt, he 
must have one yea r ' s  add i t iona l  experience with a departaent of r a d i o l o a  approved 
by t h e  American Board of Radiology in the  f i e l d  of medical and nuclear Fhysics. 
d t h o u g h  t h e  handbook is somewhat ambigdous on the  poixt,  if t he  candidate announces 
t h a t  he requi res  c e r t i f i c a t i o n  i n  the  e n t i r e  f i e l d  of rad io logica l  phrs ics ,  pre-  
s u a b l y ,  he must have a t  l e a s t  one yea r ' s  experience i n  both f i e l d s .  

' 

If t h e  

D r .  Lofstrom discussed the  t r a i n i n g  program a t  t!ayne University. Their 
program i s  less d e f i n i t e  than the  F k u a s  program and has not been announced as  a 
program leading t o  c e r t i f i c a t i o n  as  such, but t h e  t r a i l i n g  is ava i lab le  f o r  anyone 
in t e re s t ed .  

D r .  Meschan d i sc - s sed  t h e  I h i t e d  t r a i n i n g  a t  t he  University of Arkansas 
and feels t h a t  t he  physical  s q u a t i o n  of 200 miles betueen t h e  undergraduate and 
medical schools makes a t r a i n i n g  Frogran d i f f i c u l t .  
Nurnberger expressed similar d i f f i c u l t i e s  a t  Syrzcuse and i n  Tennessee. D r .  
Nurnberger mentioned b r i e f l y  the  p o g r u s  a t  t h e  VnLvezsity of  Chicago, t h e  
University of i l hnsso ta ,  ana a t  C o l u b i a ,  Pir, Tolan reported t h a t  there  was no 
t r a in ing  propam at Emory but i'elt t h a t  such a Frogran was possible  i n  cooperr t ion 
with Georgia Tech, D r ,  Kelly reported t h a t  there  was no t r a i n i n g  program a t  
Creighton cr in &aha. The pogram of D r .  Johns a t  Saskatoon w9s men-cioned, 
Ihrnberger brought out t he  f a c t  t h a t  t he re  are EOW about 50 rad io logica l  p k j s i c i s t s  
c e r t i f i e d  by t h e  kmericaa Board of Radiology. 
men of considerable reputa t ion .  

Dr, 2iemenschneider and D r .  

D r .  

Most of these  a r e  well es tab l i shed  

D r .  Srucer outlined t h e  Au: Fellowship Program of t r a i n i n g  in r ad io log ica l  
physics ( r e a l l y  hea l th  pnysics) ,  This discussion was amplified by Dr, Zollard 
l a t e r  i n  t h e  meeting. TLhroe schools a r e  cooperating i n  t h e  t r a in ing  Isrogram - 
Vanderbil t ,  Igochester, and the  University of :!ashington. The p r o p a n  wzs se t  up 
t o  meet an urgent need f o r  t r a b e d  hea l th  ghys i c i s t s  i.1 L C  f a c i l i t i e s .  
of a one year fellowship a t  one of the tn ree  un ive r s i t i e s ,  T h e e  months of t h i s  
period i s  spent "on-the-job" a t  one of t h e  hEc i n s t a l l a t i o n s .  Studeats  at Vander- 
b i l t  come t o  the  3ea l th  ?bysics Division of t h e  Oak Eidke Lat iona l  Laboratory f o r  
t h ree  months; Zocaester s tudents  go t o  Srookhaven; dashhgton  s tudents  € 0  t o  
Ranford. 
received a mas ter ' s  Cegree. 
from persons who really are riot qual i f ied  to t ake  a ilaster's Degree. 
present  time, Dr .  Pollard explained, t he re  is such a shcr tage or" hea l th  phys i c i s t s  
t h a t  very tenpt ing  job offers  are nade jlsmediately following t h e  completion of t h e  
one year fellowship,  
D r .  Pol lard r ep l i ed  t h a t  most of t h e  s tudents  finishing t h e  fellovrship t r a i n i n g  
program are hired a t  fron : f600 t o  &OCO per year. 

It c o m i s t s  

H few of t he  s tudents  continue t h e i r  t r a i n i n &  and some have d r e a d 7  
However, t o  a l s g e  par t ,  t h e  f e l lows  are se l ec t ed  

H t  t k e  

C r .  vieschan asked what s a l a r i e s  hea l th  phys i c i s t s  command. 

D r ,  Pollard discussed b r i e f l y  
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t h e  s imi l a r  I n d u s t r i a l  3ygiene Program. 
fellowships had been granted in the  Radiolo&ical  Fhys ic i s t s  irogram. 
sa id  t h a t  t h e r e  a re  about 7 a t  t h e  University of b.ashing,ton, 2 1  a t  Vanderbilt,  
and 18 at  lSoahes t e r  foi t h i s  year.  
tkis year t he re  a re  only 70. 
t he  Raciological  Phys ic i s t s  Program followed, 

D r  . Riernenschneider asked how many 
Dr, Pol lard 

Last y e w  the re  were 1jO appl ica t ions  but 
A discussion of saxe of the  problems of adnin is te r ing  

After a lengthy d iscuss ion  of t he  kind of t r a in ing  program Scbcami t t ee  Eo. 
6 should se t  up, t h e  following outline wss made f o r  nore concrete stud.;: 

I. T i t l e  
11. Job Spec i f i ca t ion  

IV. Zducational 3equirenents 

V I .  

111 . Educ a t  iona l  Level arid C er t i f  i c  a t  ion  

V ,  F i n a c i a l  Su?port 
Job Ava i l ab i l i t y  and Sa lary  Level 

There w a s  considerable discussion on each of t he  items with the  general  
consensus of oFinion as foliowss 

I. Nane o r  Ti t le  

The committee f e l t  t h a t  there  vas need f o r  a d e f i n i t e  t i t l e  t o  
d i s t i n g u i s h  a person atternptinc t o  qualify, as ot;tiined i n  Dr. CdGiis's notes,  from 
the  many other  spec i f i c  f i e l d s  t h a t  have opened recent ly .  k3at we are  ac tua l ly  
aiming f o r  is a job s a e c l f i c a t i o n  sizilar t o  t h a t  of the  I thospi ta l  phys ic i s t f t  i n  
England. The name "hosp i t a l  $gmic i s t l ' ,  however, hae nct been well received in 
t h i s  country. 
and adminis t ra t ive phases of hos$taliaation, The vord l jbiophysicist l l  i s  f a  too 
broad a term ar,d includes =any subjec ts  not, included i.a the  j o b  spec i f i ca t ions  we 
=e discuss i rg .  The same is t r u e  of t he  term ' lneaical  pkjs ic is t ! ! ,  Both of these  
l a t t e r  terms a re  considered as  generic terms xhich may include "hospi ta l  phys ic i s t t f  
among many other designations.  
proposed by the  Ezecutive C o m i t t e e ,  would have a similar f a u l t .  
menbers f e l t  t h a t  t he  word Ifradiation!? must be in the  terminology. 
completely s a t i s f i e d  with t h e  term " c l i n i c a l  r ad ia t ion  phys ic i s t fT ,  
however, does irlclude t h e  f a c t  t h a t  7ve are  considering a person with physical  
t r a in ing ,  working pr imari ly  i n  the  f i e l d  of r ad ia t ion  and applgThg the  da ta  t o  
c l i n i c a l  proSlems . Hence, t h e  term r f c l l n i c a l  r ad ia t ion  p:hysicistIf vas adoFted 
as a recommended name. It was f e l t  t h a t  t he  name r a l i o l o g f c a l  ;Shysicist, as 
adopted by t he  m e r i c a n  Board cf R&iology i s  too  a l l - icc lus ive .  bioreover, it 
has been prs-empted i n  another f e l l o m h i p  program t o  include only t h e  l ies l th  
physics funct ions as ROW defined by t he  htoruic Energy Commission, The t e rns  
adopted by t h e  iimerican 30ard of Tiadioloey, IfX-rSy a ~ d  rzdium phjrsicists!! azzd 
"medical a d  n u c l e u  phjsicistsl1,  weTe f e l t  t o  be e i t h e r  t o o  narrow or sonewhat 
meaningless . 
Subcommittee t o  the  Teletiierasy Svalclation Zoard. 

Hei-e the  war? ;l:?os+tal~1 is  usuel ly  connected v i t h  the  housekeephg 

It was f e l t  t h a t  t h e  term " c l i n i c a l  physicist!!, as  
Some of the  

No one w m  
Such a name, 

The nane l f c l i n i c a l  r ad ia t ion  physicis t t !  i s  recoLmended by t he  

11. Job Scec i f i ca t ion  

After many atteasts t o  def ine  spec i f i ca l ly  the  du t i e s  of a c l i n i c a l  
r a d i a t i o n  phys ic i s t ,  it vas f e l t  t h a t  the  Ses t  system xould be t o  def ine c e r t 2 i n  

3 1 3 b 2 2 1  



f i e l d s  of perfo-mance and c e r t a i n  funct ions within each f i e l d .  

1 . iiaa i a t  ion machines . 
a. X-ray diagnost ic  machines. 
b. X - r a y  therapy machines (iess than LOO kev). 
c . 
d ,  Teletherapy machines, 
e .  High energy acce lera tors .  

X-ray supervol t  age machines 

2. Radioactive mater ia ls .  

a. Small sources ( A  source is defined as  a non- 
aosorbable encapsuiated volume of rad ioac t ive  
mater id. ) 

(1) Class i cz l  radium usage. 
(2)  Other s~cal l  sources (Seeds, needles, 3eads, 

pear l s ,  e tc . )  

b. ikietabolically d i s 3 2 x t e d  rad ioac t ive  x a t e r i a l  

c Semi-aechar,icdly d i s t r ibu ted  radioacti?:e ma te r i a l  
( Isdine,  Phosphorus, e tc . )  

(Col lo ida l  gold,  e t c ,  ) 

B. Fuict ions in etich f i e l ? .  

1. 

2. 

3 .  

Dos hetrz 

espec ia l ly  as it r e l a t e s  t o  the  c l i n i c a l  appl ica t ion  of 
ex te rna l  beans 0; r ad ia t ion  under c l i n i c a l  conditions.  B 
l a r c e  por t ion  of t he  rout ine  work of a c l i n l c a l  r a 2 i a t i o n  
phys ic i s t  w i l l  be the  computations from isociose pa t t e rns  
of t he  dosimetry of X-ray therapy, 

This should include a l l  phases of t h e  dosimetry problem, 

C al lbr2tion and stand& i z a t  ion  
The t e r n  c a l i b r a t i o n  here is usual ly  r e fe r r ed  t o  as 

ex te rna l  emi t t e r s  o r  machixery producing beans of rad ia t ion .  
The word s tandard iza t ion  is usual ly  r e fe r r ed  t o  as t h e  
determination of doses of rad ioac t ive  materials 

- I n s t r m m t a t i o n  
The c l i n i c &  rad ia t ion  pkqs ic i s t  should be able  t o  

operate  and i n t e r p r e t  t he  d a t a  from a wide v a r i e t y  of 
r a d i a t i o n  instmen'& including ion iza t ion  chmbers ,  
Geiger-i.luller Counters, s c i n t i l l a t i o n  cr,&ials, e t c  . He 
should understand both t h e  e l ec t ron ic  and mechanical 
operdtion of t h e  instrsnents and be ab le  t o  perform what 
t h e  armg would c a l l  f i r s t  echelon maintenance. Such 
nah tenance  is a minhm f o r  a c l i n i c a l  r ad ia t ion  phys ic i s t .  
Some cembers thought t h h t  s ince  first echelon maintenance 
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r e f e r s  only t o  cleaning and care  of an instrunent ;  t h e  
c l i n i c a l  r i d i a t i o n  phys ic i s t  should go beyond t o  such 
things as minor r epa i r s  and adjustments. Along with t h e  
howledge of c a l i b r a t i o n  and s tandmdiza t ion  of r ad ia t ion  
producing machinery, a c l i n i c a l  r a d b t l o n  phys ic i s t  should 
be ab le  t o  c a l i b r a t e  and standardize h i s  instruments so  
they can serve,  a t  a minimum, t he  purposes of t e r t i a r y  
s tandards 

4. Protec t ton  
The c l i a i c a l  r ad ia t ion  phys ic i s t  should be able t o  do 

simple hea l th  physics . ~u rv&&~ u n d e r s t a d  t h e  pr inc ip les  
of r a d i a t i o n  protecti.cn, be able t o  ga ther  data ,  and 
determine t h e  r i s k s  on t h e  use of laree volumes of rjdi- 
a t ion .  Since both diagnosis and therxoy always involve 
hazardous l eve l s  of operction, it was f e l t  t h a t  t h i s  was 
an important se rv ice  funct ion of t h e  c l i n i c a l  r ad ia t ion  
phys ic i s t .  

5 .  Assay a?d survey 
Especial ly  in t h e  f i e l d  of use of r a d i a t i v e  i so tcpes  

semi-nechanically acd metabolically d i s t r i b u t e d  in tile 
body, t h e  c l i n i c a l  r a d i s t i o n  phys is i s t  should understaid 
and be ab le  t o  perform assays of t i s s u e s ,  ur ine,  blood, 
e t c ,  He should a l s o  be able  t o  survey t h e  d i s t r i b u t i o n  
of r a d i o a c t i v i t y  within t h e  bcdy. 

111. The Academic Training of t h e  C l i n i c a l  Radiation Physicist. 

A. 3b.iec-kix.e 
Ths objec t ive  of t h e  program i s  t o  t r a i n  t h e  c l i n i c a l  r a d i a t i o n  

phys ic i s t  who w21 work w i t h i n  t h e  f i e l d s  of Ferformace desc r i j ed  
i n  Sec t ion  I1 A and perform t h e  functions described in  Sect ion 
I1 B. 

B m  Pre-requis i tes  
T h e x  was considerable discussion concerning t h e  ex ten t  of 

t r a i n i n g  des i red  o f  a c l i n i c a l  r ad ia t ion  phys ic i s t  and -ihe s t a r t -  
i n g  p o k t  of t h i s  t r a i n i n g ,  D r ,  Hoecker's bas ic  argument f o r  
s t a r t i n g  with high school graduates was amplified in l a t e r  d i s -  
c-dssioas on curr iculan.  It w a s  emphasized t h a t  t he  tyye of 
t r a i n i n g  required of a c l i n i c a l  rad ia t ion  phys ic i s t  dLffers from 
t h e  majcr academic f i e l d s  of pure physics a d  chemistry which 
tend throughout t h e  m e r i c a n  schools t o  be L?tensi;Te in t r a i r A b g  
and t o  develop persons who w i l l  spec i a l i ze  in a s i n g l e  academic 
f i e l d .  
double f i e l d s  of physics and chemistry but m u s t  have a considerable  
knowledge of humm physiology, 
tensiye r a t h e r  than ia tensive.  
no t  a l l o v  f o r  such 3 f i e l d  of ';unspecialized s p e c i a l i s t "  t r a i n i n g ,  
D r .  Hoecker has devised a new Bachelor's Degree program in bio- 
physics. Other merr'oers of t h e  committee pointed out t h a t  although 
they %Fee on t h e  d e s i r a b i l i t y  of t he  Uni-rersity of i<ansas p l m  

The c l i n i c a l  rsdiatiorz phys ic i s t  i s  bridging nc-c snly t h e  

Hence, t h e  t r a i n i n g  must be ex- 
Since t h e  present  cur r ic t l la  do 

http://protecti.cn
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and admitted i t a  super ior i ty ,  i6 did not meet t he  
t h e  present  s i t u a t i o n ,  

The opposite extreme of D r ,  Hoecker's thorough 
be t h e  establishinent of sho r t  courses f o r  persons 

immediency of 

program would 
already p a r t i -  

a l l y  t r a ined  within the  f i e l d .  
demand f o r  well t r a ined  technicians,  the  e n t i r e  committee f e l t  
t h a t  we a r e  a t tenpt ing  t o  develop a c l a s s  of persons who a r e  
beyond t h e  technician s tage  a d  t h a t  sho r t  speed-up courses would 
be highly undesirable. The committee wds of t he  opinion t h a t  it 
would be possible  t o  adopt an intermediate ground dnd t o  s e l e c t  
well q u a l i f i e d  s tudents  with a Bachelor's Degree, If necessary, 
they could make up dur ing  advmced t r a in ing  some of t he  elementary 
courses they nay have missed in t h e i r  qua l i f i ca t ions  f o r  a 
Bachel.orf s Degree, The c o m 5 t t s e  recognized t h a t  t h i s  probably 
should be a temporary program and t h a t  they should work towards 
having o the r  schools adopt a type of  program outlined by t h e  
Universi ty  of Xansas. It was a l s o  brought out t h a t  many pre- 
medical c u r r i c u l a  r e e t  a l l  of t h e  requirements with t h e  exception 
of a weakness in msthematics. The physical  science c u r r i c u l a  
usua l ly  meet t h e  requirements but are weak i n  S i o l o a ,  Therefore 
t h e  committee recomnsnds t h a t  a fellowship program f o r  t h e  
development and t r a i n i c g  of c l i n i c a l  r a c i a t i o n  p h y s k i s t s  s e l e c t  
candidates with a Bachelor of Science Degree o r  its equivalent.  
The following a re  pre-requis i tes  t o  f u r t h e r  t ra in ing .  

In  s p i t e  of t he  present i n s i s t a n t  

1. 
2. 
3 .  
Le 

Mathmatics - through d i f f e r e n t i a l  md i n t e g r a l  ca lcu lus .  
B5ology - i n c l u d k g  a minimum of elemeiztary physiology. 
Fhysics - including a mininun of general  physics, 
Chemistry - including a rtiinhum of general  chemistry. 

The 
pursue 

1. 

2, 

3 .  

C. Cowse offered 
selected candidates should be offered an opportunity t o  
an ac&demic course leading t o  t h e  following: 

A Master of Science Degree 

b i o l o a  o r  biOphJJSiCS but would probbbly be b e t t e r  if It 
were eventual ly  labe l led  as a blaster of Science i n  bio- 
physics. 

It matters l i t t l e  whether t h i s  is i n  pbjs ics ,  chemistry, 

Quali_ffcatAogs f o r  certiS;i.l$ b o z r s  
A t  t he  present time there  is only one board, t h z t  of 

t h e  m e r i c a n  Board of 3adiology, c e r t i f y i n g  csndidates  
f o r  q v a l i f i c a t i o n  in t h e  f i e l d  of rad io logica l  physics . 
Oualhfisations f o r  candidac:~ f o r  a Ph,D. I l egB  

The subcommittee agreed with t h e  opinicns expressed 
by many persons p r i o r  t o  tnis meeting t h a t  there  is a 
g r e a t  need f o r  qua l i f i ed  research people i n  t h e  f i e l d  of 
c l i n i c a l  r a d i s t i o n  physics. 
develoFment of a fellowship progrm,  a '0-04 base of 
candi2ates f o r  t h e  ?h,D. Degree could be developed, 

--- 

It wus f e l t  t h a t  with t h e  
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There-should be a na tu ra l  outgrowth o f  higher  t r a i n i n g  once 
t h e  f i e l d  .is c l e a r l y  outlined. 

N . Requirements f o r  C and  ida tes  

The committee f e l t  t h a t  t he  acaC?e=ic requirements should incLude a 
f u l l  two y e a r ' s  course of t r a in ing .  'dithin these  two years t h e  emphasis snould be 
on t h e  development of a broad base of experience covering +,he e n t i r e  f i e l d  with no 
attempt a t  spec ia l i za t ion  on any s ing le  f z c e t  of t r a in ing .  It was recognized t h a t  
t h e  f i e l d  i s  ent i re l ; r  t o o  broad f o r  any one m a n  t o  be a com7lete e q e r t .  
subccmmittee f e l t ,  however, t h a t  any spec ia l i za t ion  w i t h b  the  f i e l d  should be 
b u i l t  upon a bzoad acadsmic base whereill t h e  candidate had an opportunity t o  
un2erstand and appreciate  a t  least  t h e  language and problems of the e n t i r e  f i e l d .  

The 

A. First gear  
The f i r s t  year should be academic, including ci.jdactic courses 

coupled with laboratory courses,  
be an opportunity f o r  making up possible  def ic ienc ies .  
candidate  should have cor;?leted courses in a l l  of t he  fo l lov ing  
f i e l d s ,  but  it should 5e recogr?ized t h a t  scme of these  co'1;rses 
should have been completed during the  undergraduate yeErs . 

lh t h i s  f i r s t  year  t he re  should 
The 

1. Plat henat ic s 

a. Cifferent ia .1  calculus  
b. i n t e g r a l  calculus  
c . a n a l y t i c a l  geoizetry 

2, ?hyslcs 

a. Atomic physics 
b. E l e c t r i c i t y  
c. Electronics  
d.  ETuclear physics 

3 .  Biology 

a, Human p h y s i o l c a  
b , B ioc hemis t r y  
c . Microscopic ana tmy 

4. Chemistry 

a. 
b . 
C .  Organic chemistry 
6. Fhysical chemistry 

cualit at ive  ana lp  is 
m a n t  it at  i v e  analys is  

B. Second y e m  
The comnittee f e l t  t h a t  the second year  should cons i s t  cf a 

m a x i m u m  of p r a c t i c a l  experience with a minimum of d idac t ic  
teaching and t h s t  most of t h i s  work should be done i n  the school  
cf medicine. it was f e l t  t h a t  t he  second year should be 
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considered, in a sense,  an inteznship year with ezphasis on 
h e d i a t e  contact  with t h e  ac tua l  c l i n i c a l  ::ork of d r h d i 4 i o n  
phys ic i s t  

1, Didactic work and p r a c t i c a l  experience i n  the  functions of 
t h e  o l i n i c a l  r ad ia t ion  phys ic i s t  l i s t ed  in  Sect ion I1 B 
should be combined. 

A three month sec t ion  in some laboratory o r  hosp i t a l  not 
immediately connected with t h e  school i n  which the  degree 
i s  given should be arranged. This "journeyman" period is 
i n  recogni t ion of t h e  fac'c t h a t  few departments cdn o f f e r  
a complste experience with a l l  types of instrumentztion 
and methods of 30th cfiagnosis and therapy, The c o r n i t t e e  
recognizes t h a t  t h e  f i e l d  of c l i n i c a l  r ad ia t ion  physics 
is a rap id ly  expanciing one in which no one d e p a r h e n t  can 
possibly be ccmpletely abreas t  of the  f i e l d .  

The PlaSterts Degree should include a requirement f o r  a 
thesis on 2 c l i n i c a l  problen, 

2. 

3 .  

Recruirements fo r  Schools Offerina Training i n  C l i n i c a l  Radiation Physics 

The subcornittee f e l t  t h a t  although many scbools were well q u a l i f i e d  
t o  o f f e r  training as out l ined  a5ove, some schools couid not meet the  requ.irements. 
They f e l t  t h a t  t h e  raininurn i n s t i t u t i o n a l  requirements were as follows: 

A. The un ive r s i ty  nust have a graduate school Q f f e r h g  a P1.I.C. Degree. 

B e  

C, 

It m u s t  'nave a f o u  year rnedical school. 

It, must have a su i t ao ly  eqdpped hospital .  
of t h e  work su i tdo le  herein used the re  xmst be at least: 

I i i th in  t h e  d e f i n i t i o n  

1. 

2. 

3 

H qual i f ied.  r ad io log i s t  o r  equivalent ,  

H c e r t i f i e d  rac i io logicd  p h j s i c i s t  o r  equivalent.  

il- raciioisotope laboratory with f z c i l i t i e s  f o r  '00th diagnos- 
t i c  and therdpeut ic  use of isotoFes. 

X-ray therapy e q u i p e n t  including zt  l e a s t  X-ray therapy 
up t o  2CO W P  an6 raaium or  its eqaivalent ,  

4. 
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V I ,  - Financial  Support 

A. Fellowship program 

The subcommittee f e l t  t h a t  a fel lowship progrm should be 
developed with f u l l  f i n a n c i a l  support f o r  t h e  Fellows f o r  a 
l imi ted  number of years .  
t i l -e ly  small sciile, 6 t o  10 Fellows. 
it should bui ld  up t o  50 o r  60 Fellows, 
comes defined and recognized, it should tcrper off  t o  no support  
a f t e r  10 years ,  
wel l  defiiied t o  be ca r r i ed  on by i t a  own momentum, 
requirements f o r  d Fellowship Program were s t a t e d  as m i n b u m :  

T h i s  program should s t a r t  on a rela- 
irlithin a period of 5 years  

Thm as t h e  f i e l d  be- 

3y t h i s  time the  f i e l d  should be s u f f i c i e n t l y  
The following 

1. Students with a Bachelor's Degree should be  se lec ted  by 
a Fellowship Board of t h e  Conor ngency. 

2, The fel lowship s h o d d  s tar t  with admission of t he  s tudent  
t o  u n i v e r s i t i e s  wi l l ing  t o  p z r t i c i p a t e  i n  t h e  program. 

3. The f e l lovsh ip  should end with t h e  grant ing of t h e  iviaster 
o f  Science Degree, o r  d t e r  two yedrs* 

4.. The f e l lovsh ip  s h o ~ i d  ca r ry  a tax-exenpt s t ipend s i m i l a r  
t o  t h a t  of t h e  :EC .iiadiclogical Physics Fellowship vhich 
includes a $1600 basic S t i F e n d  with $350 addi t iona l  f o r  
deFendents. It snould a l so  ircll;de t h e  payment of t u i t i o n  
a d  r e g u l u  f ees .  

B. SOUFC~S of fmds 

The subcommittee recomended t h a t  t he  X C  Division of Biology 
and Medicine be requested t o  undertake this fel lowship program, 
A t  t h e  same time they f e l t  t h a t  it might be des i rab le  to request  
add i t iona l  support f o r  schools from such organizations as t h e  
Danion Runyon Fund, Picker  Foundation, American Cancer Society,  
National Science Fomdation, a d  o ther  organizations 

V U .  Job Market 

A discussion of t h e  p o t e n t i a l  job market f o r  c l i n i c a l  r ad ia t ion  
phys ic i s t s  followed, 
ments now in exis tence and t h e  var ious isotope l abor s to r i e s  t h a t  have developed 
within t h e  pas t  5 years  could use at  l e z s t  1000 c l h i c a l  rhd ia t ion  phys ic i s t s  a t  t h e  
present  time. 
would be hired eventual ly  at  t h e  $5000 - $6000 level. 

It wss f e l t  t h a t  t h e  tkerzpy sec t ions  of r zz io log lca l  depart-  

The committee f e l t  t h a t  we a e  aiming f o r  a class of personnel who 

The committee requested D r .  Srucer and t h e  Chairman of t h e  University Rela- 
t i o n s  Division of ORINS t o  arrange f o r  a meeting i n  Washingtcn t o  present t h e  pro&m 
t o  Drs. Bugher and Duaham of t h e  Division of Eiology and Piediciiie. The committee 
a l s o  requested t h a t  t h e  minutes of t h i s  meeting be sen t  t o  t h e  e n t i r e  Teletherapy 
Evaluation Board, The e n t i r e  board is requested t o  review t h e  nintites and send 
t h e i r  canrments and suggestions t o  Dr. En-cer f o r  trmsmittal t o  S u b c m i t t e e  do. 6. 



D r ,  T. H, Oddie 
Universi ty  of m!:&nsas 

I, Reasons f o r  shortaFe of nhys ic i s t s :  

The nmber  of phys i c i s t s  who t&ke up work in medical physics could be l k i t e d  
a t  present  by t h e  followir,g Zactors: 

A* 

B. 

C. 

D. 

E. 

F, 

G*  

Lack of pure research  rlglamourlf t h a t  a t taches t o  some o ther  f i e l d s ,  and 
rout ine nature of biork. 

Low pay compared v i t h  o ther  types of emplopent.  

Lack of status and amorphous nature of du t ies .  

Lack of t r a i n i n g  fa ilit i e s  , 

Small pest dernand f o r  medical phys ic i s t s  due t o  custom, in t h i s  country, 
f o r  most published work i n  t h i s  f i e l d  t o  be produced by r ad io log i s t s  2r.d 
medical s p e c i a l i s t s  

F o s s i b i l i t y  t h a t  advances i n  chenotherqy  w i l l  renc'er obsolete many 
phases of radiotherapy, a r a s t i c s l l y  r educky  the  openings ava i lab le  f o r  
t h e  phys ic i s t  who has spec ia l ized  too  narrowly i n  t h i s  work. 

Lack of good works hop f a c i l i t i e s  i n  many hospi ta l s  . 
Mo dou5t if good t r a i n i n g  f a c i l i t i e s  are provided some of t he  o ther  

d i f f i c u l t i e s  w i l l  resolve themselves, p a r t i c u l a r l y  C and E. icoreover, 
much might be done t o  overcome H if t h e  proposed f u l l  t r z in ing  course 
could be approved. by t h e  u n i v e r s i t i e s  concerned as a Ph.D. program, 
whereas a shor t  caurse could be provi2ed f o r  t h e  suggested rfc&lcula$orslf ,  
d i o  would un2ertake much of t h e  rout ine  work. D i f f i cu l ty  C ,  and F t o  
soae extent, a l so  might, be overcome by encovrkging 8s wide a f i e l d  of 
i n t e r e s t  =is Fossible  f o r  t h e  t r a inee ,  and by a general  recogni t ion by 
a l l  concerned of t h e  need f o r  t h e  phys ic i s t  t o  be given a fair degree 
of autmcqy. 
as  a uilit, e i t h e r  indeFen?ently o r  w i t h h  t k e  radLotherapy depctment ,  
depending on t h e  volum5 a d  type or' work t o  be undertaken. 
co l labora t ion  with the  ra5iotherapy 2epartaent i s ,  of course,  e s s e n t i a l ,  

The physics group i n  my par t f cu la r  hosp i t a l  shovld  o?erate  

Close 

F ina l ly ,  t be re  is no need t o  s t r e s s  here t h a t  physical  work requi res  
labora tory  space, preferably in one locat ioo,  and aux i l ih ry  serv ices  5.1 
t h e  form of h b o r a t c r y  e q c i p e n t  a d  s k i l l e d  workshop ass i s tance ,  usnC-7 
both  mechanicd and e l e c t r i c .  

I L  Method of t r a i n h p  

Assming t h e t  r e l a t i v e i y  few people w i l l  apply f o r  t r a i n i n g  ther2 s e e m  n3 
good a l t e r n a t i v e  t o  a cojzbined e f f o r t  by t.he v&rLous in te res ted  i m t i t i i L l o n s ,  =tu  
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therefore  a moving around of t h e  s tudents  amongst these  i n s t i t u t i o n s .  
po in ts  may b e  worth discussion:  

The following 

A. 

B. 

C. 

D. 

E. 

Administrative means f o r  approval of t r a i n i n g  i n s t i t u t i o n s  by the  univers- 
i t i es  w i l l b g  t o  gran t  degress on the  bas i s  proposed, cind for admission 
of new i n s t i t u t i o n s  from time t o  t h e ,  

Fees and t h e  ques t ion  or" whether trainees w i l l  be paid f o r  work i n  hospi- 
tals during the  l a t e r  s t age  of t h e i r  course, 

Fre-requis i tes  f o r  course - B.S. in  physics, with mathernztics, e h b r d c s ,  
chemistry, biology, and s t a t i s t i c s  usefu l  bhckpound subjects .  

b a t i o n  of course - 3 years  f o r  Ph,D. - 1 year  f o r  diploma? 

Number of moves and dura t ion  of eEch during the  period of t r a in ing .  

111. SuSjects f o r  poss ib le  inclus& 

A. General 

1. Elemects of iinztonjr and E.nysiolo,g. 
2. Medicd e t h i c s  sc far as are apgl icsble .  
3 *  S t a t i s t i c s  znd p l aming  of exeeriments. 
4. 
5. Pr inc ip l e s  of l&ori toi-y lqout and design. 

Use of l i b r a r y ,  wr i t i ng  of r e p c r t s  and ma te r i a l  f o r  publ icat ion.  

A l l  of t hese  could be covered by ...iritten notes and/or sho r t  formal 
courses . 

B. X rays 

1. S tu lda rd izz t ion  and dose mzsurement. 
2, Pos i t ion ing  and beam loca l i za t ion .  
3 Dose coaputation. 
4. Physical  a d  y a q t i c a l  aspects  of radiopciphy. 

C .  Gamma rays 

1. 
2 . Dose rceasur-ement 
3 . Dose comput&ion. Pr;terson-?;rker and s L a i 1 ~  techniques . 
4 ,  

5 .  Radon prepara t ion  a d  handling. 

Standcrd iza t ion  ar.d measurement of gama sources . 
60 P n c t i c a l  i n t e r s t i t i a l  &d in t r acsv i t a ry  nethods f o r  Ita, Rn, Go 

Ad98 and s o  on, 
, 

Do Teletherapy 

1. Source design, 
2 . 
3 .  Rotat ional  methods. 

Dose Ioeasurcment and compcltation, 



E . Rad i o i s  o t  opes 

Iv. 

1. Fundaiientals, preparat ion and processing. 
2. nesay techniques. 
3 .  Instruments . 
4. 

5. Therapy, ex te rna l  and i n t e r n a l  - methods and dose computation. 
6. Autoradiography. 

Tracer  methods - 1131 s tudies ,  c i r c u l a t i o n  time, blood volume 
and s o  on. 

F. Radiobiology 

(No de ta i led  suggest ions)  

G. Pro tec t ion  

1. Tolsrarice l e v e l s  and. generhl  requirements . 
2. X r a p .  
3 .  Gama rays.  
4. 
5. Instruments and photcgraphic methods . IsotoFe handling, decontaminLtion, d i sposa l  of :rate.  

These could be a formal course. 

S t a f f  t r a i n i n g  

S t a f f  t o  ca r ry  out a phys ic i s t  trai,?ing Frogran mzy not be r e a d i l y  a v a i L b l e  
with experisrice in a l l  aspects  of t h e  Triork, 
haps be f i l l e d  by arranging for them t o  work t enpordr i ly  i n  o ther  l aborz to r i e s  t o  
gain experience, s -ah  as: 

Gap in t h e i r  own t r a i n b g  could per- 

A. National Bureau of Standards. 
B. Oak Xdge Natiocal Laboratories.  
C.  
D. John's set-up i n  Caaada, 

Various major medical physics l abora to r i e s  i n  England. 



MINUTES OF THE AUGUST 30 I~EETING OF SUBCOG.IIT'TEE NO. 2 

I;lembers present: 
D r  . 
Dr. 
bir,  
Dr. 
D r .  

Members absent:  
Dr.  
D r ,  

Lou Curiage Source Design 

Paul. Riemenschneider - University of Syracuse 
C. C. McClure - Vanderbil t  Universi ty  
John Tolan - Emory University 
J. F. Kelly, Jr. - Cre ighbn  Universi ty  
Liarshall Brucer .- ORINS liedical Division 

Henry Jaffe -Un ive r s i ty  of Southern Cal i forn ia  
Robert Reeves - Duke University 

Present a t  the i n v i t a t i o n  of the Subcommittee : 
D r .  
D r .  
D r ,  
D r  , 
D r .  
D r .  
Dr. 
D r .  
D r .  
1.k 
l!k . 
Mr. 
lylr . 
llr 
blr. 

Frank E. Hoecker - University of Kansas 
I. Neschan - University of Arkansas 
Carl E. Nurnberger - University of Tennessee 
James E ,  Lofstrom - Wayne Universi ty  
Frank Eiorgan - Emory University 
George Cooper - University of Virginia  
G i l b e r t  F le tcher  - hi. D. Anderson Hospital  
N o m n  Simon - Ut. S ina i  Hospi ta l  
Robert P. Bal l  - Oak Ridge Consultant 
L. J. Bulliet  -m. F. and John Barnes Company 
E m i l  Galvanoni - m . F . and John Barnes Company 
Gene Stober - Keleket Corporacion 
Tom Carraher - Keleket Corporation 
J, m. Wilde - Instrument Engineer, OXLNS 
H. E. Kimble - Instrument Maker, ORINS 

D r ,  Brucer opened the meeting a t  9:OO a.m. r!ith a b r i e f  discussion of the  
o r i g i n a l  object ives  of Subcommittee No. 2, 

1. To use t h e  cobal t  60 now ava i l ab le ,  
2, 
3 .  To follow a l l  JTCW Subcommittee No. 9 recommndations. 
4. 

To design a " l imited use" machine. 

To keep l tcostzll  cons is ten t  v i t h  " l imited usell. 

The source container  shorn a t  the meeting is  designed t o  use the cobal t  
sources non ava i lab le ,  but  s u f f i c i e n t  sh ie ld ing  t o  take a 600 cur ie  source has 
been b u i l t  i n t o  the design, 
sources should be ava i l ab le  within a fer: years. 
John b r n e s  Company, i n  a discussion of cos t ,  sa id  t h a t  t h e i r  accounting depart- 
ment had not yet caught up n i t h  the engineering department and that he did not  
knon the  cos t  of the machine. These cost data  w i l l  be made ava i lab le  as soon as 
possible .  
proved i n  June, and t h a t  the  machine was del ivered in August. 
i s  remarkable i n  an age that g l o r i f i e s  adminis t ra t ive para lys i s .  
s a id  t h a t  the necess i ty  f o r  using Hevimet as shielding material on the source 
wheel had added about $1200 t o  the cos t ,  but t h a t  he had approved it i n  order 
t o  maintain the Lederman idea of removing mass from the shoulder and head region. 

This vas done i n  recogni t ion of the f a c t  t h a t  l a r g e r  
LIr. Bul l ie t  of the  W .  F. and 

Dr. Brucer pointed out t h a t  the design was s t a r t e d  in May, rras a p  
This achievement 

Dr. Brucer 



The i n d u s t r i a l  pa r t i c ipan t s  vere reminded of the Subcommittee f s  ins i s tence  t h a t  
the pr ice  of the machine be kept a t  the l eve l  of 250 KVP X-ray equipment. The 
Subcoinmittee i n  tu rn  was t o l d  of a design meeting i n  June with LcClure, Tolan, 
Brucer, and Barnes and Keleket representa t ives .  A t  t h i s  meeting each item on 
the machine vas considered f o r  cos t  reduction o r  replacement n i t h  cheaper qual- 
i t y .  
Any reduct ion of t he  c o s t s  must now come through adminis t ra t ive and production 
methods. 
necessary f ea tu res  p a r t i c u l a r l y  as they r e l a t e  t o  cost .  

l e  believe there  is  no f u r t h e r  way t o  reduce cos t  through engineering. 

The Subcommittee vas asked t o  revien the design and t o  look f o r  un- 

The group then adjourned t o  the  cobal t  room t o  inspect  the machine. 
Following the shoving, the machine mas taken apa r t  t o  show construct ion d e t a i l s .  

After much inform1 discussion the group returned t o  the conference room 
and discussed the fo1lor:ing poin ts  i n  considerable d e t a i l :  

I. The Design of t he  External Surface. 
There vere no c r i t i c i s m s  of the general  shape of the shield.  
It a l l o m ,  as expected, anple room f o r  the pa t i en t  t o  be placed 
i n  a l l  treatment posi t ions.  
l a r  shape o r  ex te rna l  configuration ail1 depend upon the hea l th  
physics surveys after loading. 
l i m i n a r y  t es t  sunrey vas done n i t h  a small source. Some of the 
immediate r e su lz s  a re  included in these minutes, although they 
were not  a p a r t  of the Subcommittee del iberat ions.  With a 2 
cur i e  source of cobal t  60 i n  place, a set  of 96 hour exposures 
with "Kodak no-screen" t n e  f i l m  completely surrounding the  
machine a t  contact  d i s tance  revealed only a f a i n t  fogging yihich 
vas too l i g h t  t o  i n t e r p r e t .  PJith the machine i n  Itoff" posi t ion,  
and without a cone i n  place, there  vas a narrovl penci l  l eak  on 
the  cone as expected from the design. 
about 1 mr/hr/curie. 
measured. Since there  is no s i g n i f i c a n t  leakage i n  the design 
the la rge  source m i l l  be loaded within the next neek. 

The f i n a l  decis ion on t h i s  par t icu-  

Folloving the meeting, a pre- 

This appears t o  read 
PJith the cone i n  place i t  cannot be 

11. ODenine and Closing LIechankm. 
The mechanisn i s  exce l len t .  The 3-may solonoid a i r  valve hea t s  
up on prolonged use. 'This is  a commercial item t h a t  can be re- 
placed n i t h  a b e t t e r  valve. O n l y  one >is ton  i s  being used a t  
80 pounds pressure. The Barnes Company Fhould consider act iva-  
t i n g  both pis tons,  each one a t  40 pounds pressure,  i f  t h i s  v . 4 1 1  
l e s s e n  maintenance problems on the p is ton  rashers  and if it does 
not  add s u b s t a n t i a l l y  t o  the cost .  The ro t a t ion  period i s  about 
3 seconds and is  remarkably smooth. 
t o  read n i t h  the bean l i g h t  r a t h e r  than Frith the a c t i v a t i n g  push 
button. The mechanism f o r  the  cont ro l  panel i s  exce l len t .  The 
"on-off" l i g h t  system is a pos i t ive  ind ica t ion  of the  pos i t i on  
of t he  source and appears t o  be fool-proof. 
f e l t  that the a i r  p i s ton  i s  a major advance over other  methods 
of r o t a t i n g  the Tiheel. 

The timer should be adjusted 

Some of the members 
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The In t e rna l  Wheel @ding Plug, 
The plug housing the i n t e r n a l  ro t a t ing  vrheel vas removed and 
demonstrated. B i t h  the present loading mechanism there  i s  no 
conceivable need f o r  ever  again removing the plug. The manual 
opening and c los ing  wheel i s  d i f f i c u l t  t o  operate. It might 
be b e t t e r  t o  s e r r a t e  the edges or  t o  use an open spoke wheel. 
A hole and wedge p in  has been put i n t o  t h i s  model t o  mechani- 
c a l l y  hold the source Itonll f o r  purposes of 8 hour measurements 
and 24 hour hea l th  physics surveys. rec- 
omended f o r  any except experimental machines. 

Such a device i s  

Design of Cones. 
The cone design is a spec ia l  problem and cannot be discussed 
v i thout  isodose curves and build-up s tudies .  
t h a t  the e l ec t ron  sh ie ld  shoul6 be moved back i n t o  the cone. 
Some f e l t  t h a t  a fey; centimeters should be cu t  off the cone 
extension and l u c i t e  posi t ioning cones should be place outside 
the beam l i m i t s .  
tee dll be r eca l l ed  t o  consider cone design. 
Richardson paper on build-up m i l l  be d i s t r ibu ted  mhen ava i lab le  
and before r e c a l l i n g  tine committee. 

Most members f e l t  

K%en preliminary data  are  ready the Subcommit- 
Copies of the  

Loading Device. 
Following the  recommendations of t he  Subcommittee and also the 
stated pol icy of Subcommittee No. 1, the machine vas designed 
f o r  f i e l d  loading. During the  assembly of t h i s  machine lir. 
Bull ie t  and bir. Kimble suggested t h a t  the loading mechanism 
could be improved by removing the snap r ing  m d  l e t t i n g  the  
source f l o a t  i n  the  race ylay as a f r e e  bearing. No one can 
th ink  of any object ions and it is  so reconmnded t o  the Barnes 
Company. 
it is very simple t o  load and unload the machine. 
f irst  loading of a 2 curie cobal t  60 source, every possible 
t h i n g  vent wrong. 
than 10 m r  exposure on one loading of 2 cur ies .  
no special shielding.  
be loaded i n  the  f i e l d  Tdth less than 1 r exposure. 
expense n i l 1  be a $1.50 pair of p l i e r s ,  some lead  br icks ,  a 
vacuum cleaner ,  and a mirror. 

Hovever, even nith t h i s  snap r ing  device non i n  place,  
During the  

In s p i t e  of the f iasco ,  Brucer got less 
This i s  r i t h  

It appears t h a t  the l a rge  source could 
The only 

Suspension. 
A Keleket v a l l  stand cas used in the present p r o t o t y p  model. 
The base p la t e  on t h i s  m l l  s tand was-objected t o  and should be 
removed. A permanent f l u s h  f l o o r  p l a t e  should be used. T h e  
f o r k  can then be shortened by about 6 inches. 
the  stand the a i r  mechanism pro jec ts  unnecessar i ly  i n t o  the 
m a l l  a rea .  This  mechanism should be reposit ioned t o  a l l O V J  the  
s tand t o  f i t  close t o  the No motor box should be on the 
stand. The s ide  arms should be moved back as f a r  as possible.  
The sh ie ld  should be suspended a t  the center  of grav i ty  t o  g e t  
r i d  of t he  pendulum e f f e c t  i n  extreme posi t ions.  The pos i t i on  
of the ad jus tzent  wheels 'cas discussed. 

A t  the r e a r  of  

Folloning the meeting, 



the  suggestion f o r  changing the plane of the  wheels was t r i e d  
by some members. If the  plane of the adjustment wheel i s  ro- 
t a t e d  900 it becomes impossible t o  reach the wheels with a bed 
under t h e  machine. Hence, the committee's recommendation t o  
change the  plane might be a ser ious  error. 
t h a t  the  Barnes Company prepare a c s i l i n g  mount. The committee 
would l i k e  some cos t  es t imates  from the  Barnes Company on ce i l -  
ing and wall  mounts. 

It i s  recommended 

The committee then made the  fol loning recommendations: 

1. Source sh ie ld .  
The design i s  approved c i t h  some suggestions. 

a. There sh0uld.b labels f o r ' t h e  moving parts of the cone 
device . 

1) Rotate - remm 
2) Rotate - locked 
3)  "On-off" l i g h t s  should be placed on the machine a s  

recommended by NCRP Subcommittee BJo. 9. 
suggesiion has been added by Brucer. 
discussed i n  committee .) 

(This 
It was not 

b. If possible  the tno locking devices f o r  the cones should 
be incorporated i n t o  one locking device. If t h i s  i s  not 
possible ,  the cone locking device should use a r o t a t i n g  
handle with a fas t  screw thread s imi l a r  i n  operat ion t o  
the  cone ro t a t ing  device. 

c. Since the  Subcommittee meeting, the hea l th  physics survey in- 
dicates 
t he  master cone base plate:  
H Cone Inser t ."  If the Subcommittee disagrees  v i t h  t h i s  
suggestion, it vi11 be a i t h d r a m .  

follovdng statement should be engraved around 
RDo Not Leave Machine Without 

2. Fork design. 
The design vas approved rrith some suggestions 

a. The f o r k  should be shortened in i t s  forward extension as 
much as possible.  

b. The plane of t he  adjustment Tyheels should be ro t a t ed  90'. 
(Further  study ind ica t e s  t h a t  t h i s  might be a ser ious  
e r ro r . )  
t o  reach tbs nheel a t  all times. However, if the  plana 
is ro t a t ed  i n  some posi t ions,  it i s  impossible t o  reach 
the  wheel. 
problem before adopting the suggestion. (This statement 
is  counter t o  the  Subcommittee's recommendation, but has 
been agreed t o  by 2 members of the  Subcommittee folloc.ing 
the neeting. If there  are  any object ions,  re m i l l  reconvene 
the Subcommittee f o r  reconsideration.)  

With the  machine in  some pos i t ions  it is  possible  

The Barnes Company i s  urged t o  s tudy the  
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3.  I.1otions of the  machine. 

a. 

b. 

C. 

d. 

The Subcommittee recommended keeping the  up and down motion. 
The cone should c l e a r  ( a t  the highest  pos i t ion  of the  mach- 
ine)  the  s i t t i n g  height of a t a l l  man. 
cone a t  about 55 inches and the source a t  about 65 inches. 
The d o m  motion should be extended as low as possible ,  

This places t k e  

The Subcommittee approved the sh ie ld  tilt of 2 2 5 O .  
method is inherent  i n  t h i s  sh ie ld  tilt f o r  stopping the 
tilt a t  any pos i t ion  i n  the arc .  

A 

The Subcommittee recommended t h a t  the f o r k  r o t a t i o n  ques- 
t i o n  be delegated t o  the manufacturer a f t e r  t h e  manufacturer 
has checked on the  cos t  s ignif icance of t h i s  motion and the 
cos t  of t he  mechanism. The Subcommittee could not reach 
agreement on nhether a tilt of the fork  rras necessary. 
Some members f e l t  that fork r o t a t i o n  17as undesirable from 
the poin t  of view of room shielding. 
that it was necessary from the standpoint of the  maneuver- 
a b i l i t y  i n  s e t t i n g  up pa t ien ts .  

Other members f e l t  

The Subcommittee recommended that a c e i l i n g  suspension be 
prepared by the  manufacturer a t  h i s  option. The c e i l i n g  
suspension vaz highly recommended by some members cf t he  
Subcornmi t tee . 

4. The Subcommittee recomends t h a t  manufacturers make every e f f o r t  
t o  agree on a standard source container  design. 

5 .  Base P l a t e .  

The Subcommittee recommends that a base p la t e  f o r  point ing 
and pos i t ion ing  gadgets be attached close t o  the top, next 
t o  the  cone device. 

At the  close of the  aee t ing  D r ,  McClure suggested t h a t  the  Subcommittee 
extend t h e i r  appreciat ion and compliments t o  the Barnes Compny f o r  the excel- 
lence of design, t h e i r  beau t i fu l  norkmanship, and the remarkable speed of ex- 
ecution. This suggestion aas passed as a motion of the Subcommittee. 
Bulliet complimented the  Keleket people f o r  t h e i r  cooperation i n  ge t t i ng  a wall 
stand prepared and shipped in  g rea t  haste. 

Lir. 

The meeting adjourned a t  4:30 p.m. 

I 1 3 ' 0 2 4  I 



MINUTES* QF'm SECOND blEETING - SUBCOIUITTEZ NO, 5 - CLINICAL 
PRCGRAM - TEU3THERAPY EVALUATION BOARD 

SUl?fDAy, SEPTEMBER 27, 1953 

Dr. Rubenfeld, Chairnan of the Cormrittee, presided a t  the meeting. 

hkmbers present: 

Umbers absent: 

R. Andrens, ILD.  - Sonman Grzy School of Medicine 
Brucer, E.D. - OPCIIJS Uedical Division 
D, K e r n ,  K.D, - University of Louisv i l le  
Ideschan, MOD, - University of h k a n s a s  
Murnberger, Ph,D. - UEiversity of Tennessee 
Rubenfeld, N.D. - Herr York Uisiversiw 
M. Tice, M.D. - University of Kansas 

H. Fletcher,  1J.D. - i.i. D, Anderson Eospi ta l  
€3. Hunt, MOD. - University of Mebraska 
C. IJcClure, X,D. - Vanderbilt University €Iospital  
Reeves, U.D. - Duke University 
S, lieens, N.3, - k o r y  University 

Dr. Rubelzfeld opened the meetin2 by requestin2 that t i e  subcornit tee delay 
the  considerztion of t he  proposed thera7y plans long enough t o  consider the  commer- 
c ia l  a v a i l a b i l i t y  of the  low curicge mchine,  

Dr. h b e n f e l d  expressed an opinion t.m% the Soard hat! l o s t  the 01-iginal  con- 
cept of i t s  objectives.  He sa id  thr: it cas h i s  uxderstandh:  t h a t  the  Eoard was 

30 
expressed concern over the f ec i  t h a t  a lor? ax-iage telethern2;r unit i s  soon t o  be 
ava i lab le  f r o n  a conmercid Lrq- com:mq-. 
cussion of horr tkis occurred and hor! f t  a=fected %e program or" the Teletherapy 
Evaluation Zoard and nedber univers i t ies .  

t o  develop te le therapy wi i t s  f o r  use by Telethe=.a:j:- ;I;valuztioii 30s:-d members . 
Also, Dr .  ikbeni'eld requested a dis-  

In the discussion t h a t  fol loaed a l e t t e r  from D r .  F le tcher  r a s  rezd vhich 
expressed an opinion t h a t  t h e  r e s u l t s  of tile Board's e f f o r t s  have zone t o  the 
benef i t  of pr iva te  hospi tz l s  and ?r ivc te  rad io logis t s ,  
p r iva te  persons can make imxediate purchase of machines, rfiiereas, most u n i v e r s i t i e s  
must delay ac t ion  from six months t o  one yerr.  

It 172s pointed out  t h a t  

Dr .  Rubenfeld s t a t ed  t h a t  he f e l t  t h a t  the s m a l l  unit had :x-ogressed t o o  
rap id ly  and t h a t  the  member un ive r s i t i e s  had not been adeqwte ly  in'ormed of the  
progress. 

Dr. Brucerts opinion cas  t h a t  %he nenbers had been informed very quickly 
z f t e r  any ac t ion  had been taken or  decision had been cacie, and ?oin-bed out  t h a t  
'he minutes of each meeting Tyei-e d i s t r ibu ted  r i t h i n  a?proxinateljj tno weeks 
Tollorring each meeting. He a i s 0  s t a t e d  t h a t  the minutes had contained complete 
r e p r b s  of a l l  ac t ions  and t h a t  repeated requests Tor correct ions of e r r o r s  had 
not  r e s u l t e d  i n  any request that any rinutes be c!ian=ed. 
r 

9 These minutes a re  d i s t r ibu ted  n i thout  Tevision br the ?aiqticii3atin& members 2 1  
the i n t e r e s t  of speed. Corrections an2 adCitioiis xi11 be included i n  the nex; 
m e  t i n  g . 



October 5 9  1953 

Nr. L, J. Bu l l i e t  
W. F. and John Barnes Company 
301 South Water S t r e e t  
Rockford , I l l i n o i s  

Dear M r .  Bull ie t :  

The Executive Committee of the Teletherapy Evaluation Board 
met Sunday, September 27 i n  connection with t h e  study of the preliminary 
c l i n i c a l  research program f o r  t he  high and low curiage t e le therapy  
machines. 
Evaluation Board's activities i n  the development of the l o w  curiage 
head and neck therapy unit, They noted t h a t  a unit, based upon the 
design spec i f ica t ions  developed by the  Board, i s  now commercially 
available . 

3 

"he members of the conanittee reviewed the Teletherapy 

The rapid development of the  low curiage therapy un i t  has found 
some of the members without adequate f u d s  f o r  immediate purchase of a 
unit  inasmuch as they must develop their budgets well i n  advance. 
fore ,  the un ive r s i t i e s  a r e  in the pos i t ion  of seeing t h e  results of 
their j o i n t  e f fo r t s  going t o  organizations o r  individuals  not  associated 
with t h e  te le therepy program. 

There- 

In recognition of t h i s  fact, the EScecutive Committee passed a 
reso lu t ion  s t a t i n g  t h a t  inasmuch as the  W. F. and John M n e s  Company 
has been stimulated,  
approved by Subcommittee No, 2 of the Teletherapy Zvaluation Board, the 
committee feels t h a t  j u s t  consideration should be given t o  the member 
u n i v e r s i t i e s  f o r  their contr ibut ion to t h i s  development and that member 
un ive r s i t i e s  of the Board be granted, by the  Wnes Company, a six month 
p r i o r i t y  to purchase units before they are made avai lab le  t o  the profession 
a t  large.  
be i n  a f f e c t  as soon as firm contract  p r i ces  are given t o  the member 
un ive r s i t i e s ,  and shall include a l l  units constructed by the  W. F. and 
John Barnes Company, including the  prototype unit MU i n  Cak Ridge. 
p r i o r i t y  should include enough units t o  o f f e r  one of  each type to the  
pa r t i c ipa t ing  members of t h e  Teletherapy Ehraluation Board. 

and aided i n  the construction of the design 

The University members are requesting that this p r i o r i t y  shall 

This 

Y o u r  consideration of t h i s  request  by the  Executive Committee of  
the Teletherapy Ebaluation B o d  would be g rea t ly  appreciated. 
l i k e  t o  transmit your r e p l y  to the  Board members as soon as pract iaable .  

I would 

Sincerely yours, 

Marshall M c e r ,  MID.  
Chairman, The Medical Division 

CC: Idembers of t he  
Executive Committee 



Dr. Brucer then read w p t a  from the  recorded minutes i-n order t o  rev ien  
the original i n t e n t  of the Teletherapy Evaluation Board. 
mation taken from the  August 8, 1952 organizational meeting of the Teletherapy 
Evaluation Board: 

I!e read the  fo l lon ing  
f 

"Dr, Kerman made the notion t h a t  the purposes of the Teletherapy 
Evaluation Eoard be s t a t ed  as fo l lons :  
and evaluate radioisotopes f o r  te le therapy, '  D r ,  Jacox seconded 

*To inves t iga te ,  develop, 

4 the  motion. The motion carried." 

Also from the  August 8 minutes: 

"There can be no in t en t ion  o r  suggestion t h a t  any design, d e v e l o p  
ment o r  construction data or records be i n  any sense secre t ,  o r  
r e s t r i c t e d  t o  a small grou?. A large portion of the funds f o r  this 
program, including in many cases the money contributed by the S t a t e  
Universi t ies ,  i s  i rom public fund5 and i t  i s  necessary t h a t  all data  
from this pro jec t  should be considered public property.I1 

He read the  fo l lov ing  motion, a lso passed during the August 8 meeting: 1 

tiDr. McClure made the notion that i n d u s t r i a l  organizations shall 
not  be given membership on the Eoard, a d  t h a t  no donations 5e 
accepted from them. 
trork should be made f r e e l y  ava i lab le  t o  any i n d u s t r i a l  organization. 
D r ,  Reeves seconded the  motion. The motion carried,n 

Ilorrever, any information regarding the Board* s 

To shot7 t h a t  advance not ice  had been given on the timing and a v a i l a b i l i t y  
of a l o n  curiage te le therapy uni t ,  Di-• Zrucer quoted the follor. ing excerpt from the 
minutes of t he  April 12, 1953, meeting of S u b c o d t t e e  No. 2, SmaU Source Design: 

c 

Qr. Jaffe made a motion t b a t  Subcommittee ilo. 2 approve the pre- 
l iminary design a s  de t a i l ed  above ad. authorize ORIlJS t o  ?roceed 
Rith f ab r i ca t ion  of &he p i l o t  model. The notion Tas seconded bj 
D r ,  Riemenschneider and unanimously voted by the connittee. Dr, 
Erucer expressed a des i r e  t h a t  the cormittee revier: the  Trogress 
and development of the p i l o t  model p r i o r  t o  the October neet ing 
of the f u l l  TI3 board, A tentati ;re date  sometime in September 
vas agreed upon f o r  the conni t tee 's  second reeting.11 

After reading t i e  above f r o n  the minutes i)r. Srucer informed the committee t h a t  he 
had norked under the  impression that t h i s  motion vas an e q r e s s i o n  of a des i r e  t o  
cbtain a prototype m o d e l  as soon as gossible  and t k t  a prototype model vould ba 
l iesirable f o r  demonstration a t  the Se2tember meeting. 

Dr, Brucer also pointed o z t  t h a t  Subcommittee ITo. 3, Rotat iond.  iiethods ard 
Fmcedurn,s, LIay 3, 1953, had discussed the  des ig t  f ea tu re s  as outl ined i n  tho, 
r ~ ~ i - ~ u t e s  of the April  12 meet,ing of Subcommittee I.Jo, &and t h a t  he f e l t  t h i s  vas 
mother  ind ica t ion  t o  a l l  members of the  Board t h a t  the lor! curiage teletherai2y 
i m i t  was progressing. 
"is, rrhich m e t  on Play &, 1953, had reviewed the act ion of Subcommittee No. 2 
5n es t ab l i sh ing  design c r i t e r i a  f o r  the cobal t  60 therapy u n i t  and i t s  requirener. t ,  
2or housing. 
Subcommittee No. 4: 

Also, he pointed out t h a t  Subcommittee No, 4 ,  Houshg D e -  

Dr, Crucer then quoted €he follorring s ta tenent  f ron the &Utes 02 
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!'The subcommittee-then entered i n t o  a lengthy discussion of a 
number of f a c t o r s  ?resented e a r l i e r .  This discussion vas f o r  
t he  purpose 
lems involved in  high curiage r o t a t i o n a l  therapy u n i t s  and a 
l o n  curiage u n i t  designed f o r  head, neck, o r a l ,  and vaginal 
cav i t ies . "  c 

of c l a r i f y i n g  the cur ren t  s t a t u s  of therapy ? r o b  

Dr.  Brucer pointed out  t h a t  as la te  as t i e  June 2 meeting of Subcommittee No. 5, 
d e f i n i t e  i nd ica t ions  vere  given t h a t  a 1017 curiage unit oould soon be ava i lab le ,  
and he quoted the fo l lon ing  paragraph fron! the  minutes of t he  June 2 meeting: 

"Dr. Rubenfeld opened the meeting with a question t o  c l a r i f y  
nhether  t h i s  su5comr:,ittee i s  t o  be concerned v i t h  the  therapy 
program f o r  both tile high curiage and lor! curiage therapy units. 
DT. Srucer s t a t e d  t h a t  it vas his opinion t h a t  t h i s  vas t5e 
o r i g i n a l  thinking of tli3 Teletherapy Evaluaticn 3oai.d a t  tlie 
August 8, 1952 neeti,r,g and t h a t  t h i s  opinion m s  shared v i t h  
Subcommittee No. 2, Small Source Design, which n e t  on A p 5 l  12, 
1953. During fhe ensuing discussion, D r b  F le tcher  rrmted t o  
knon mliether the  cos t  0;" the  szall therapy unit could be kept 
low enough t o  make the unit competitive rrith the  250 kv X-ray 
uni t .  
committee iio, 2 agresd t h a t  the  unit could be comcetitive v i t h  
a 250 kv X-ray unit ?rovic!ing the cost  of coastruct ion of the  
sh ie ld ing  head could be maintained a t  $10,OCO o r  less. 
subcormittee rras inloimed t h a t  t h i s  c r i t e r i o n  had been given t o  
two o r  th ree  commercial com?anies in t e re s t ed  i n  designing a l o n  
curinge thempy u n i t  . *I 

The C l in i ca l  P rogrm Subcornittee rras isr"ormed t h a t  Sub- 

Also, the  

Also, the  f o l l o c l n g  paragraph vas quoted: 

" h e  Fle tcher  pointed out  t h a t  it cas  not  tlie purpose of t h i s  
subcommittee t o  design the  therapy un i t s ,  but t o  develop a t e l e -  
therapy 9rogram f o r  using the  machines 'hat are  t o  be ava i lab le ;  
and f o r  the  purpose of c l a r i f y i n g  the  discussion, he pointed out  
t h a t  the  fo l lon inz  units nould be ava i lab le  by the end of t he  
cur ren t  calendar year: 
Fhich mill not  have r o t a t i o n a l  propert ies ;  (2) a l a rge  r o t a t i o n a l  
therapy uni t  n i t h  aaximum r o t a t i o n a l  propert ies ,  but  i n  a modified 
design usable n i t h  a r o t a t i n g  chair .  Dr, Fle t che r  s t a t e d  t h a t  the  
i n i t i a l  u n i t s  rill use rad ioac t ive  cobal t  60 sources. 

Ri th  the  small u n i t  in a f i x e d  pos i t ion  rh ich  had not  a l ready been 
done by Scandicavian o r  English rad io logls t s .  
of t he  op in ia i  that $ran though the  rro;.!s has been dale  i;L+h o ther  
mits, %his  need not, prevant, t he  TelethcraFy halus-2.on Boei-.l from 
pmceeding rrith plans foi* us ing  small SOLTCB ;=n'-';s, 
r e i t e r a t e d  h i s  statement t h s t  the motivating f o x e  gf t h s  sub- 
cmmit tee  nas tlie ev;rl-uati?n of te le therapy  uzLi bs and pointed out  
ttlrt a u n i t  such a s  tile small source could be made and narketed 
by anyone; therefors ,  he again questioced the adv i sab i l i t y  of 
proceeding n i t h  such a un i t .  ilr. bIeschan s t a t ed  t h a t  here m s  a 
unit of approximately 250 kv equivalent  nhich could be des i rzb le  

(1) a s m a l l  source u n i t  of a f i xed  type 

"Dr. Andrens wanted t o  horn Khat c l i n i c a l  vork remained t o  be done 

Dr.  F l e t cha r  vas 

D r .  PndTcns 
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f o r  sho r t  distance t h e r a y  at apyroxinately 50 cm using  gxma rays. 
He also s ta ted  t h a t  a ?a-;ieot t r ea t ed  under such conditions might 
be b e t t e r  off than a L>at ien t  treated trith a 250 1 3  uni t ,  He f e l t  
t h a t  this subcommittee should determine nhether o r  not t h i s  i s  t rue ,  

n...,....Dr. IJeschan than made a motion that the body be divided 
i n t o  regions mith se lec ted  tumors and t h a t  the subcommittee develop 
a d e t a i l e d  program f o r  each region using the  large and small t e le -  

Dr. Brucer questioned the sudden concern over the commercial a v a i l a b i l i t y  
of the I o n  curizge u n i t  and pointed out t h a t  this f a c t o r  was discussed a t  length 
a t  the June 3 meeting of the I h c u t i v e  Committee of the Teletherapy Zvaluation 
Board. 
that it mas very e x p l i c i t l y  s t a t e d  i n  the minutes of the meeting h i c h  nere dis-  
t r i bu ted  i n  approximately tmo neeks I"oU.or&ng the meeting, 
f o l l o n i n g  from the minutes of tile June 3 meeting. 

therapy u n i t s  and other  ex i s t ing  equipment.......,.. I t  

D r .  Brucer pointed out that not  only had this been discussed i n  d e t a i l  but  

Ha then quoted the 

"The Subcornittee revierred the design of the sna l l  t e l e t h e r a y  u n i t  
as nom planned by the engineers or" the F. F. and John Barnes COmFany, 
cons is t ing  of a spher ica l  cas t ing  i n  two sections,  the outer  segment 
s l i g h t l y  distorted n i t h  a pneumatic device f o r  o-,.erating the source 
nheel. It Tas s t a t ed  t h a t  the 2arnes and other  i n t e re s t ed  companies 
have been informed t h a t  t h i s  u n i t  could no'; be prac'iical, and com- 
p e t i t i v e  v i t h  s tz tdard  X-ray equipment, unless the cos t  could be 
maintained a t  $10,000 o r  l e s s ,  T h i s  estimate does not include the 
cost  of the radioact ive source and t h a t  or" loading......., 

"The Subcommittee nas shorn de ta i led  design p r i n t s  a s  d r a m  by the 
V, F, and John Earnes Compmy, It nas uranimously agreed t h a t  the 
u n i t  need not have a l i g h t  l oca l i ze r ,  inasmuch as  the u n i t  i s  t o  
be used nith the  cone i n  contact n i th  the  skin surface, Also, t h e  
Subcornit tee discussed the ad-rantages and disadvantages of cones 
constructed of brass  o r  lead, I n  vien of the cost  of lead, it vas 
agreed t h a t  tile i n i t i a l  unit should be constructed n i t h  cones fab- 
r i c a t e d  f rom brass  i n  order t o  maintain a lon  un i t  cost .  
agreed t h a t  most medical schools nould have shop time and f a c i l i t i e s  
w a i l a b l e  f o r  constructing addi t iona l  cones. 
discussion, a motion vas made by Dr. Reeves and seconded by Ere  
Rubenfelcl t h a t  the Subcommittee approve the present s t a t u s  of the 
design and development of the small te le therapy unit, The motion 
mas unanimously carried.  

"Jk. Srucer pointed otlt that a lon m r i a g e  te le therapy u n i t  of the 
foregoing desibn probably T o d d  be comnercially avai lable  i n  the 
next six months. 
rmuire ea r ly  ac t ion  by the Teletherzpj  & a h a t i o n  C x T d  
ir.5 ii p c g r a m  of c l i n i c a l  inves t iga t ion  using the 1c-z cui-lrrge nachine, 
ai-.?. 11c aede a motion t h a t  the Executive Conmittee recomm.;rAtl G O  -:.he 
Tc , l3  tiierapy Evaluation Board t h a t  a c l i n i c a l  i;lvestigatir?: :wolj;ram 
h. designed t o  incor2orate the use of the small head and r,csl; wit, 
a7.d that a te le therapy prograz  be geared t o  the developmect of -&he 
smdll head and neck wait, 
and unanimously approved," 

It r a s  

Follorring a de ta i ied  

D r ,  Rerman s t a t ed  t h a t  if t h i s  i s  t m e ,  i t  n o d d  
r'!..vzl.op- 

The notion vas seconded by Dr. FicClure 
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Dr. 2ubenfeld again revierred the notes of the August 8 meeting regarding 
admission of inciustr ia l  organizations t o  the Teletherapy Evdua t ion  Board, and 
asked horr the Keleket Company had access t o  the manufacturing of un i t s ,  and ca l l ed  
f o r  a revien of how i t  a f f e c t s  the program of the Teletherapy Evaluation Soard. 

D r .  Ileschan w r e s s e d  an opinion that the Eoard should ask f o r  an e t h i c a l  
consideration of the un ive r s i t i e s '  posi t ion from the Barnes Cornymy. He felt 
t h a t  his previous e q e r i e n c e  Kith the representat ives  of the company vas such 
that the company would readi ly  zgree t o  cooperate with the Teletherapy Evaluation 
Board. He f e l t  t h a t  a six month p r i o r i t y  should be considered by the  Barnes 
Company because it would take h i 3  a t  l e a s t  t h a t  long t o  get h i s  un ivers i ty  t o  act .  
Dr. Kerman e:cpressed an opinion t h a t  the V, F, and John Barnes Company has a 
deTinite obl igat ion t o  the Teletherapy Evaluation Eoard and t h a t  he concurred 
with Dr, kIeschan in the above statement. 
the 7. I. uld John Barnes Company adver t i s ing  brochure in nhich recognition nas 
given t o  the Oak Ridge I n s t i t u t e  of Juclear  S tudies  and the Teletherapy Evaluation 
Board i n  d e s i p i n g  the small te le therapy unit. 

D r .  Keiman then read an excerpt from 

Dr.  Andrens made a motion t h a t  Subcommittee No. 5 mdce a recomendat ion 
t o  the Executive Committee that the Teletherapy & a h a t i o n  Eoard request the 
Barnea Company t o  grant a 90 day p r i o r i t y  on the f i r s t  production models. D r .  
Andrew then amended the  motion t o  read six months and the motion vas seconded 
by Dr.  Xeschan. 

The committee then discussed the notion and Dr. Lieschan s t a t ed  t h a t  he f e l t  
t h i s  ac t ion  vas necessary because c o m e r c i a l  a v a i l a b i l i t y  of the uit had c rep t  
into the p ic ture  r a t h e r  une:qectedly. 
control  t he  Barnes Company y-:ould have i n  honorin2 the p e v i o u s  couiiiitrnents t o  the  
Keleket Company f o r  one uni t ,  a d  the Barnes commitment of one u n i t  t o  3r. Jaffe ,  
nho i s  a member of the T e l e t h e r a a  E v a l u t i o n  C0ai.d. 
pointed out  t h a t  they could not  go t o  t h e i r  un ivers i ty  administration a u t h o r i t i e s  
t o  request  a u n i t  because they have not  a s  y e t  been able  t o  get  a firm price from 
the John Barnes Company, and this condition automatically gives pr iva te  ind iv idua ls  
a p r i o r i t y  i n  procurement of units. 
Rige I n s t i t u t e  of Nuclear Studies  nor the Teletherapy Zvaluation Eoard has invested 
any money i n  t i e  development of the 1017 curiage head and neck therapy uni t .  
reason the  Banes  Company invested t h e i r  o m  money ms the f a c t  t h a t  they had this 
ea r ly  assurance of orders f o r  th ree  o r  f o u r  wits. Dr. Rubenfeld s t a t e d  t h a t  the 
aarnes Company had enough assurance f o r  u n i t s  from the 22 members or" the h a r d .  
D r ,  Erucer pointed out  t'na.t he did not  believe t h a t  t he  Barnes Coupany had reason 
t o  f s e l  this my inasmuch a s  six months a f t e r  all members had been informed of the  
progress of the u n i t  they nov have only- tm Befinite l e t t e r s  af intent, 
Bnrcer then mida the tno fo l lun ing  abservations: 

D r ,  " ice then r a i sed  the question of nhat  

D r ,  I.1eschan and D r .  Kerman 

Dr. a-mcer pointed out t h a t  ne i the r  the Oak 

The 

1) He rev iemd  the -,revious h is tory  of the developEent of the small unit, 
the  ac t ion  and approval of the var ious subconaittees, including the  Executive 
Committee, and s t a t ed  t h a t  he did not  f e e l  t h a t  the Board had a r i g h t  t o  ask f o r  
a p r i o r i t y  from the n. F, and John Parnes Company. 

2 )  
guaranteeing the Barnes Com7any 30 orders t o  take t!!e place of orders  they nill 
o t h e m i s e  lose? 

H e  then ra i sed  the  question, Ff t h i s  resolut ion i s  ;2assed, a r e  you 

Dr, Tice then proposed the follorring question f o r  consideretion: Assuming 
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t h a t  the  l a r g e  
members of t h e  

u n i t  nould be ava i lab le  rri thin a year from this date ,  hor! many 
Board o r  hou many member u n i v e r s i t i e s  1:;od.d purchase a small wit? 

Dr. Brucer then pointed out  t h a t  so f a r  as he knon Dr. J a f f e  and Dr. IlcClure 
of t h e  Teletherapy Evaluation Board had already sen t  l e t t e r s  of i n t e n t  t o  t h e  
Barnes Company and t h a t  t h e  only o ther  members of the  Board nho had e q r e s s e d  an 
i n t e r e s t  i n  the s m a l l  u n i t  vere  D r ,  I Iunt ,  Dr, Kelly, and Sr, Xerman. Dr. Kerman 
then asked nhat organization o r  ind iv idua ls  outs ide the  Teletherapy Evaluation 
Board have expressed an i n t e r e s t  i o  uni';s, 
f a c t s  bu t  pointed out  t h a t  commercial X-ray companies o ther  than Keleket a r e  already 
i n  t h e  f i e l d  with cobal t  60 units,and t h a t  t he  Barnes Company and the Xeleket Com- 
pany would probably f e e l  t h a t  it would be an impossible s i t u a t i o n  f o r  them t o  agree 
t o  delay t h e i r  production program f o r  six months because they nould lose the l i t t l e  
advantage they might now have in a highly competitive market. 
GE has  develoFed t h e  AI, D o  Anderson unit and i s  o f fe r ing  it i o r  sale .  The i ' icker 
Company has developed t h e  J o h s  u n i t  Zron C a a d a  and has a l rezdy s o l d  some u n i t s .  
Also, A J C  in  Csnada has so ld  a u n i t  i n  Chicago, Philadelphia,  i.iinnesota, about two 
i n  European countries,  possibly f i v e  o r  more i n  Canada and possibly others.  Also, 
D r .  .,eens and a t  l e a s t  one o ther  person have indicated t h a t  they may cons t ruc t  
t h e i r  o m  l o n  curiage te le therapy  u n i t s  because they thought that it could be done 
cheaper i n  t h e i r  un ive r s i ty  shops, 
of t h e  u n i t s  except t he  l o n  curiage u n i t  nor! offered by the  Barnes Company a r e  
l a rge  units. 

D r ,  Bru-cer e q r e s s e d  a lack  of d e f i n i t e  

i-ie pointed out  t h a t  

-- 

iJem'oers of the  comaittee pointed out t h a t  aU. 

The committee members again emphasized t h a t  the Barnes Company mould not  
have gone i n t o  the manufacturing of these  units if it had not been f o r  the Pogram 
of the  22 u n i v e r s i t i e s ,  and the  cornnittee f e l t  th2.t the Barnes Compvly should 
d e f i n i t e l y  be considerate of the  u n i v e r s i t i e s '  problem in the  procurement of a 
lon curiage te le therapy  unit. 

Dr. Rubenfeld pointed out  that one good advantage f r o n  the current  s i t u a t i o n  
is t h a t  it provides an opportunity t o  f i n d  out  hon the u n i v e r s i t i e s  r e a l l y  f e e l  
about t n e  program,inasmuch as non each un ive r s i ty  i s  inmediately faced n i t h  the  
r e s p o n s i b i l i t y  of making a decis ion t o  purchase o r  i lot  purchase a wit. 
Meschan pointed out t h a t  it rould probably take the  Carnes Company six months t o  
begin producing units inasmuch a s  a f i n a l  approval mas given t o  the  u n i t  by 
Subcomnittee No.2 only three  neeks ago; therefore ,  the  request  under considerat ion 
rrould not  be an unreasonable one. A t  t h i s  point  D r .  Kernan requested ? e m i s s i o n  
t o  amend Dr, Andrens' motion. D r .  Andrers, and 3r. i:eschan :7ho hzd. seconded the  
motion, g a n t e d  tfieir approval f o r  t he  fo l lon ing  amended motion: 
FJ. F. and John Barnes Company has  been stimulated,  =guided, and a iaed  i n  the  con- 
s t r u c t i o n  of te le therapy  isotope uni t s ,  and nhereas a :irototy?e r;odel of a s n a l l  
curiage illachine has been constructed and the d e s i p  approved by the  Telethelapy 
Evaluation Board Subcommittee No. 2, and whereas i t  i s  considered only j u s t  renard 
t o  the  member u n i v e r s i t i e s  of the Teletherapy Evaluetion Board 2or t h e i r  contribu- 
t i o n  t o  t h i s  development, be it hereby resolved t h a t  t he  Teletherapy 3valuat ion 
Board reques t  the Barnes Company t o  accord t o  the mercbers or" the Teletherapy 
Evaluation Board a six month p 5 o r i t y  t o  purchase te le tkeraFy u n i t s  b e f o r e  they  
a re  made ava i lab le  t o  the  9rofession a t  large. This prioriQ7 shall be i n  effect 
as soon as f im cont rac t  ?rites are s v e n  t o  the member unfvei-sities, and s h a l l  
include all u n i t s  constmcted by the  Ti', F, a d  John Sarnes Cam?any i r d u d h g  the  
prototype unit non a t  Oak Ridge, 
o f f e r  one unit of each tyye t o  t he  + r t i c i p a t i n g  members 02 the  Teletherapy Evalu- 
a t i o n  Boalld.' 

Dr. 

"'FThereas the  

This g i o r i t y  s h a l l  include enor?& units t o  

Ib t ion  ras seconded by Dr, ;:eschan, 



ET, ICerman pointed out t h a t  t he  above reso lu t ion  i s  a recommendation t o  the  
Executive Committee and t h a t  t h e  Executive Committee must a.ct on the  reso lu t ion  if 
passed. The Chairman of Subcommittee No, 5 then ca l led  f o r  a vote on the  resolu- 
t ion.  
neet ing of Subcommittee Ho. 5 t o  permit the Chairman of the  Executive Corni t tee  60 
convene the  Executive Committee f o r  consideration of the  motion made by Subcomnittee 

It nas ca r r i ed  Kith one d i s sen t ing  vote. The Chairman then adjourned t h e  

iJo, 5. 

Dr .  Srucer  Tointed out t h a t  such an ac t ion  vas not  on the agenda and t h a t  
a l l  members of the  Sxecutive Committee nere no t  present. 
and a t  t h e i r  request  he convened t h e  Executive Corni t tee  n i t h  the  fo l lon ing  nembers 
present:  

Since 8 quorum vas present  

J, R. hdrens, M.D. - Bonnan Gray School of Medicine 
1.i. Brucer, HOD. - ORINS Medical Divis ion 
H. D. Kernan, N.D. - University of Louisvi l le  
C, Nurnberger, a , D .  - UniTrersity of Tennessee 
S. Rubenfeld, 1.1.D. - Near York Wyersi ty  
G. i.i. Tice, MOD. - University of Kansas 

Members absent: 
e. C. IJcClure, i.&D. - University of Tennessee 
R, Reeves, 1.I.D. - Duke University 

The Chairman of the Zxecutive Comnittee acknonledged the  reso lu t ion  adopted 
-* by Subcommittee No, 5. Lie recommended it to -the Executive Comi t t ee  f o r  act ion.  

i j r .  Kerman vas requested t o  read the  reso lu t ion  i n  order t h a t  t he  members present  
nould be f u l l y  f a m i l i a r  n i t h  the  reso lu t ion  a s  norded, 
Gxecutive Committee then c a l l e d  f o r  a discussion and it vas agreed t h a t  the not ion 
vas f u l l y  understood. 
approved, n i t h  one d issent ing  vote. 

The Chairman of t h e  

On a voice vote  t h e  reso lu t ion  of Subcommittee No. 5 nas 

A t  t h i s  point  Era I C e ; .  raised t h e  question of hon the  r e so lu t ion  should be 
t ransmit ted to  the  Earned Company. 
t ransmit ted by telephone o r  by le t ter ,  and t h a t  t h e  manner of presentat ion should 
be given considerable consideration. 
present  it in such a manner t h a t  it nould be f u l l y  accegtable t o  t h e  Barnes Compuly. 
It could, horrever, be presented i n  a manner in  r!hich it rrould be e n t i r e l y  unaccept- 
ab le  t o  tne  co~pany  and r~ou ld  create ill 15.11. 3, Srucer pointed ou'; t h a t  if t h e  
r e so lu t ion  vas t ransmit ted by l e t t e r  he nould then immediately receive a telephone 
c a l l  o r  a personal visit from a representa t ive  of the aarnes  Conpany request ing 
add i t iona l  c l z r i f i c a t i o n s  regard less  of k0i-1 the  l e t t e r  cas m i t t e n .  During t h e  
ensuing discussion the  members or" t he  Board exqressed an opinion that the  C'nairnan 
of t i e  Committee should exercise diplomacy in presenting the  reso lu t ion  t o  t h e  
Barnes Compaq. 
the reso lu t ion  as approved be t ransmit ted t o  the Earnes ComFany by l e t t e r  and t h a t  
t he  Chairman of t he  ilxecutive Conmittee r epor t  by n a i l  t o  all menbers of t h e  Tele- 
therapy Evaluation Board the  dec is ion  of t he  Earnes Company. 
n i t h  one d issent ing  vote. 

He 2ointed out t h a t  the reso lu t ion  could be 

It cas  h i s  f e e l i n g  tha t  k. Brucer could 

The motion 17as made by Dr. Kerruvl and seconded @ Dr. Tice t h a t  

The motion ?ass4 

Dr, Rubenfeld then made a not ion t h a t  t h e  ?roceedings of t h e  h c v t i v e  
Committee and of S u b c o d t t e e  Eo, 5 be submitted t o  all menbers of t he  Board. 
B n c e r  pointed out  t h a t  t h i s  had Leen the poced- l o l l o A n g  a l l  neet ings of t h e  
Teletherayy Evaluation 'Board o r  any Subcommittec neet ings of the  Board, ana that it 

h, 

i 3 3 b 2 4 4  



nould be followed i n  t h i s  matter. Dr. Rubenfeld then ni thdren h i s  motion. 

The Chairman of the Executive Comit tee ,  then adjourned the neeting of the  
Executive Committee . 

D r .  Iiubenfeld recovened the meeting of Subcornittee No, 5 f o r  the considera- 
t i o n  of a proposed plan f o r  treatment of cancer of the  uterus  a s  prepared by Dr. 
Meschan and i)r, AndretJs. 
treatment procedure but  was soon in te r rupted  by D r ,  Psdrens vho pointed out  t h a t  
he d id  not  f e e l  t h a t  t h e  Subcommittee i s  ready t o  undertake consideration of a 
general  plan of treatment u n t i l  the  object ives  a re  b e t t e r  defined. 
the question - nhat i s  going t o  be s tudied i n  25 per cent  research time? 
Andrens then s t a t ed  t h a t  the things nhich can be studied t o  the grea tes t  advantaze 
a re  based on D r ,  Brucerls introduct ion of t he  concept of shaped f i e l d s  of radiat ion.  
He a l s o  s t a t e d  t h a t  i f  t h i s  idea i s  acceptable, o r  i f  i t  i s  unacceptable, he nust 
ask the committee t o  def ine where the Board i s  going n i t h  the 25 p r  cent of t he  
time of te le therapy uni ts .  
plex a problem is, "the physical sect ion of the Teletherapy Evaluation Board should 
f i n d  hon t o  do it, 
up the next t en  years. 
dekision here about the  unique problems t h a t  should be attacked n i t h  the te le therapy 
equipment tlkt is  t o  be avai lable  t o  the Board. 
go along with Dr .  Andrensf l i n e  of reasoning. 
Andrens' proposal, it vas s t a t ed  t h a t  the present use of the term "shaped f i e l d s "  
is meaningless and t h a t  if it i s  adopted it should be defined. 
generally agreed t o  by the Board mezbers f o r  the t e rn  "shaped f i e l d s "  i s : I ' A  homo- 
geneous Zield of energy absorption from a controlled bean of ionizing r a d i m t  
energy i n  a predefined volume of t issuet1,  

Dr. LIeschan began a preliminary reading of the  proposed 

He then asked 
D r .  

?or  example, he s t a t ed  t h a t  it does not  matter hon com- 

The rad io logis t  should not be attempting t o  f i n d  ou t  by using 
It 17as h i s  thinking t h a t  the Subcornit tee should make a 

Dr.  Rubenfeld s t a t ed  that he T o d d  
During the discussion following Dr. 

The de f in i t i on  

I n  attemnting t o  agree on the te le therapy procedures t h a t  should be adopted 
f o r  the coming year, t he  nenbers of the comnittee held a de ta i led  discussion of the 
supervoltage X-ray procedures, supplemented r i t h  radium, as noc pract iced a t  the 
various un ive r s i t i e s ,  
using supervoltage X-ray i n  t r ea t ing  various diseases  and s tages  of these diseases ,  
D r ,  IZerman asked i f  there  nas any merit  i n  subs t i t u t ing  te le therapy treatment f o r  
conventional voltage? D r .  h d r e c s  and others  agreed there  vas merit. Later in t h e  
discussion D r .  Tice suggested t h a t  the Tirst year procedure be a simple t r a n s i t i o n  
from conventional supervoltage X-ray machines. 
ind iv idua l  members ou t l ine  conventional supervoltage X-ray protocols, n i t h  l i m i t s  
t h a t  the Board nould be n i l l i n g  t o  accept f o r  a spec i f ic  Froblem. 
s t a t ed  that i n  one year  ne might have as many as f i v e  o r  six hundred pa t ien ts .  If 
the Board could f o l l o n  t l a t  one group f o r  f i v e  years, there  n o d 6  be a good ansner 
f o r  the subs t i t u t ion  of te le therapy f o r  conventional X-irradiation. He then s t a t e d  
that if the  Board just  subs t i tu ted  te le therapy procedures f o r  the supervoltage pro- 
cedures and contributed t h a t  p a r t  of t h e i r  c l i n i c a l  mater ia l  t o  this program, it 
nould be a nor thrh i le  contr ibut ion f o r  one year. 
cussion f o r  the b e n e f i t  of the a o m i t t e e ,  D r ,  Rubenfeld pointed out (1) that the  
committee had been discussing h m  t o  add an inves t iga t ive  approach t o  the higber 
energies; (2> that Dr, Andrens had suggested t h a t  the most unique f ea tu re  t h a t  t h e  
Board could possibly inves t iga te  nould be shaped f i e l d  therapy; (3) t h a t  a t  this 
p o h t  the Board vas not  able t o  determine the "shaped f i e l d t 1  wanted, 
that an s t t e n p t  nould be made t o  f i n d  out, even though i t  might take considerable 
e f f o r t  i u  the coming months. 
approaches t o  t t e  problem or" the "shaped f i e ld" .  

During the lengthy discussions on the ?resent  procedures of 

Dr .  i.1eschan then asked t h a t  the 

Dr, Rerman 

In  s m a r i z i n g  the lengthy dis- 

Be added 

D r .  k s c h a n  sugzested a num3er of experimental 
Ee f e l t  t h a t  these problems 
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should be twned  over t o  a pk js ics  advisory-grou:, t o  see vliether they could express 
t h a t  shape i n  mathametical t e rns  and it" it is capable of being reproduced on a 
te le therapy unit. 
l i s h e d  a compromise procedure should be undertaken Zor the next year. 
the S- Dr. Zubenfeld pointed out t h a t  this i s  nothing more than the use of 
high energies  ins tead  of conventional X-rays but  a t  l e a s t  it i s  a t en ta t ive  program 
f o r  t h e  coming year. 

Dr. Eubenfeld them pointed out t h a t  until t h i s  could be accomp 
In closing 

Before adjourning the committee meeting, k, Rubenfeld requested t'fie sub- 
committee t o  submit t he  research protocol f o r  the anatomical region assigned t o  
each member, Dr. Heschan pointed out  that in June there  mas a d e f i n i t e  plan t o  
have d 1  procedures submitted a t  t h i s  meeting, 
submitted. 
unt i l  such time as D r .  Iiubenfeld has i n  h i3  hands completed programs Tor each aiia- 

+tomical region, or  a t  least uti1 he has enough material avai lable  t o  t-rarrant a 
discussion of the protocols. 
of OFtDIS l.Iedica1 Division m i t e  a l e t t e r  t o  each nember of Subconmittee >lo. 5 re-  
questing the  e a r l i e s t  possible  preparation of research protocol f o r  the anatomical 
region assigned t o  him. 
Rubenfeld. 
minut e s . 

Only plans, hovever, nere 
He thinks it is  advisable not  t o  make d e f i n i t e  plans f o r  fu tu re  neetings 

D r ,  Bubenfeld requested t h a t  the Administrative Office 

This l e t t e r  vas t o  be prepared f o r  the  signature of Dr. 
This  l e t t e r  has been sen t  out, a c o ~ y  i s  at tached a s  pa r t  of these 

A copy of the l e t t e r  sen t  t o  the Barnes Company i s  attzched as p a r t  of these 
minutes. Their ansner ~Lll be appended i n  the next mailing. 

Meeting adjourned a t  4:OO p.m. 



October 5, 1953 

Dear 

The second meeting of Subcoml t tee  Eo, 5, Cl in ica l  
P ropan ,  r a s  held i n  the Confereiice Roon of the i.Iedica1 
Division, Oal :  Afdge I n s t i t u t e  of I;ucleaz Studies on Su-n&y, 
September 27. 
te le therapy evsluat ion ?rogrrun f o r  the corning year, 2nd 
reached an unarimous agreexent t h a t  p r e l i n i n a r j  plans should 
be based on the philoso?hy that the :Jrogran L o r  -* the  next 
year should e f f e c t  the substi-bution of t e l e t h e r a F j  machines 
for conventional X-ray therspy procedures. 

The c o m i t t e e  discussed :-!hat silould be the  

The meeting of t he  co rn i t t ee  r:as discouraging in 
that all prelimixary drai ' t s  of ' h e x =  Jrocedwes had not  
been prepared and s u h i  Lted f o r  consideration, 
rras adjourned n i t h  the urderstanding t h t  the connittee 
nould be ca l led  into session again j u s t  as soon a s  a l l  
suggested procedures have been submitted t o  the Chairman of 
the committee, 
2rocedure a t  your e a r l i e s t  convenience, 

The meeting 

I rrish t o  urze  each of you t o  subnit  the 

Siccei-ely yours, 

Sidney Rubenfeld, i.1.D . 
Chairman 
Subconnittee ?To. 5 

I 1 3 8 2 5 2  
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The folloning attended t h e  m e t a g :  

Paul C. Aebersold 
Y i l l i a m  E. Barbour, Jr, 
E. E. 3eauchmp 
Harold Berger 
Lhrshall  Srucer  
R. a. B i u  
L. J. Bul l i e t  
T. J. Carrailer 
C, P. Davis, Jr. 
R, F. Errington 

~ 

F. L, Fos'Ler, Jr. 
R. 1.1. Gager 
&imo Galvanoni 
C, H. Goldie 
3 .  Honard Iiamon 
I.!. E. Hayes 
C. J. Hoclcanadel 
John P. Kelley 
Gerald Kloos 
Harold P. Le Vald 
A, Bo L i l l i e  
Rod Liason 
Allen I.iathis 
J i m  McLaughlin 
R. G. I U z r  
George L, Eiomtt 
Halsey L. R a f f m a n  
K, E, Ramsey 
Edvard Freible 
J. A. Reynolds 

Herman E, Seeman 
J, B. Stickney 
E, V. 3 tober  
F. A. TrerAcle 
E. Dale Trout 
John Vlach 

A. I: . ~ U P P  

U, S. Atomic Energy C o d s s i o n  
Tracerlab, Inc, 
O a k  Ridge Hational h b o r a t o r y  
General E l e c t r i c  Go., X-ray Department 
ORINS - biedical Division 
Atonic XherSy of Canada Lini ted 
Ti. F. & John Barnes Co. 
Keleket X-rzy Cor?, 
Uesthghouse E l e c t r i c  Gorp. 
k.tozic E n e r g  of Cmada Liriiited 
High Voltage Engineering Cor?. 
Victoreen Instruiner,t Co. 
I?. F, & John Earnes Co. 
High Voltaze Zngineering Corp. 
ORINS - Lediczl  Civision 
Wgstinghouse E l e c t r i c  Corp. 
O a k  i i dge  TJatiocal Laboratory 
General E l e c t r i c  Co., X-ray 3epartrnent 
North American 2 h f l i p s  Go. 
Bar-lky f roducts ,  Inc. 
Atonic &srg of Canack S i n i t e d  
U. S. Ctcmic Energy Comiiission 
K, C, Pischer  & Go. 
U. S, Atonic Energy C o d s s i o n  
Keleket X-ray Corp. 
United S t a t e s  Fklium Corp. 
Halsey X-ray Products, Inc. 
Oak 3idge National Laboratory 
Muclear Instui-ment & Chenical Corp, 
Picker X-ray Cor?. 
Oak X d g e  - !q t iona l  Lzboratory 
Eastnm :Cod& Co. 
Picker X-ray Corp, 
Keleket X-ray Corp. 
Uestinghouse E l e c t r i c  Corp. 
General E l e c t r i c  Co., X-ray Department 
General E l e c t r i c  GO.) X-ray Deparbnent 

- _  

The meeting vas owned by Dr, l i a rsha l l  Erucer rho  reviened the h i s t o r y  of 
the  Te le the ram Evaluation Board. 
t o  review the  progress t h a t  had been made i n  the  use of i so topes  f o r  ex terna l  
i r r a d i a t i o n ;  t o  6 i scuss  design s tandardizat ion 02 t e le therapy  u n i t s ;  and t o  
emphasize t h a t  t h e  United S t a t e s  Atomic Energ Cornmission and the Oak ridge 
1ns t i t : i t e  of I h c l e a r  S tudies  are not in t he  X-ray business and do n o t  intend t o  
ge t  i n t o  it. 

He then explained t h a t  t h i s  meeting vas ca l l ed  



The Ins'citute, liorever, I s  developing machiues that a re  02 interes-'; t o  
the  X-iqay industry.  D r ,  Srucer  pointed out thak, i r -  the ?as%, c r i t i c i sm has 
been d i r ec t ed  t o  the  I n s t i t u t e  because of cont rac ts  rri+h the General E l e c t r i c  
Company and the  17. F, 2c John Barnes Conpaqy f o r  the  pu-pose of developins t e l e -  
therapy units. 
u n i v e r s i t i e s  i n  the south, southeast ,  and sou t ines t  regions, oyerating under a 
prime c o n t r r c t  rrith t h e  U S 4 E C  t o  do a number of jobs, ? a r t  oi" t he  ORIXS Medical 
Division program has been t o  develop te le therapy  units. A t  the  beginning of t h e  
te le thezapg program, it vas found t h a t  the  Zjedical Division r a s  not  competent t o  
make a l l  dec is ions  am3 o ther  ;Jeople rere ca l l ed  i n  t o  assist i n  some as:>ects of 
tile program, One of t he  Zirst persons ca l l ed  i n  vas Leonard G. GrLmmett, of t he  
M,D, Anderson Hos7i ta l  f o r  Caacer 4esearch, i7hose design of. %he f i r s t  te le tkerapy  
machine \;as eventual ly  contracted t o  the GEneral E l e c t r i c  COEI~ZIII:~. 

oi-ganize a Teletherapy Zvalr.axlon Board d i i z h  i s  open t o  a l l  fou r  year  medical 
schoolse 
cont r ibu t ion  t o  support the tele3lierapy evaluat ion program. Ths  Board divided 
i t s e l f  i i l to  subcomi-Ltees $0 discuss  various as:)ects of the  d e s i m  ;roblecs. 
Subcomr.ii'&ee XO, 1 was orzar-ized t o  stndg source evaluztion m d  sh ie ld  des i% 
(idinutes of the meetings of this subconmittee were disti- ibnted t o  the group:) 
Subcormittee No, 2 s tcd ied  the p r i n c i ~ ~ l e s  and d e s i 9  of a hectocurie (100-600 
cur ies )  te le therapy  u n i t  o r i g i c d l y  sugzested by D r ,  Grimr,iett i n  1948 and visual-  
i zed  3y D r ,  Aebersold i n  the  f k s t  cobal t  i r i a d i a t i o n s .  Sabcomiittee ?To, 3 a d  
4 a re  subconnittees on housinS and ro t a t ion  y o b l e a s ,  The m r k  of these cormit- 
t ee s  c lose ly  f o U o c s  the recomendztions of the  Waticnal Comnittee on Radiation 
Pro tec t ioc ,  Subcornit tee ;To. 9. Subcorr.it-i;ee KO. 5 of the T.3 :las orzmized  t o  
develop a c l i n i c z l  p s g r a m  f o r  t he  hectocurie znd k i locur ie  nac:liiles. Zinukes 
hf Subcommittee No, 5 nei'e no t  distrL5uted a t  t h i s  neeting because l i t t l e  nork 
has as yet been completed. 

f i e l d  idea  and Yointed out  that the p o t o t y p e  wi t  m s  not  d e s i y e d  as a i x a c t i c a l  
machine bu t  ras d s s i p e d  f o r  all conceivable ~ o v L n g  f i e l d  pat terns .  
pected t h a t  a s  the research p r o m  progresses many f ea tu res  nay prove unnecessaW 
o r  h ? r a c t i c a l .  
r o t a t i o n a l  u n i t  now 5e icg  constructed by tile Genes  Cor!ipany. The d e s i r a b i l i t y  
Lqd the  construct ion f e c t u r e s  of such corq3onents a s  the var iab le  ape:*=+, the 
moving nedge f i l t e r ,  m d  t he  telesco>i;ig sh i e ld  re;-e outlined. The design 
c r i t e r k  ca l l ed  f o r  the  unit t o  prescr i5e th ree  c3zecsional f i g u r e s  vh i l e  moving 
around a f i x e d  foccso  They allon the  unit t o  move in  any Fattei-n r r i t l i n  a 
complete sphere arouad the  ?a t i en t ,  except f o r  a caie  beneath the p a t i e n t ' s  bed. 
In complex Fa t te rns  it becones impract ical  t o  manuallg cont ro l  any ro-kt ional  
unit. 
con t ro l  has been accoaplished by the use of a simple analogue type computer. 
Dr, Brucer revierred the  yossibi1i.Q t h a t  t he  machine zay develop such shaped 
pa t t e rns  as i l l u s t r a t e d  by a d u b b e l l  pz t t e rn  f o r  t he  t r ea tnen t  o f  cancer of t h e  
cervix. 

It vas pointed oQt that the Institute i s  a corporation of 30 

I n  continuing the problem of telethera:v,  OLILKS aecided t o  20 fur t i ie r  and 

To dete ,  22 u-.?ivei-sities have joined r i t h  a 2 a p e n t  of $2,500 each as a 

D r ,  Brucer r e l i eved  the ea r ly  h i s to ry  of tile developnent of the noving 

It i s  ex- 

There f o l l m e d  a hur r ied  rev ien  of si2ecial I 'eatures o f  the 

It i s  believed, horrever, that i n  the  ORCTS ixctotype nodel automatic 

The ;roup's a t t e n t i o n  ;7as ca l led  t o  t c o  s e t s  of minutes from Subcorni t tee  
The object ive of t h i s  subco!:Eittee i s  t o  develop ;,;\rocedures f o r  the use 

The s y e c i f i c  a c t i v i t x  of these scwces 
It i s  usable, hoce-fer, iz" carelLil a t t e n t i o n  is given t o  t h e  

No. 2. 
of the  coba l t  60 t h a t  i s  non evai lable ,  
i s  r e l a t i v e l y  lon ,  



des5.g of tlix rxciline,, The use of hunckeds of cur ies ,  ins tead  of -li?ocsaads of 
cur ies ,  xeans- t h a t  the  %urnor loctis xus i  be cl-oser t o  the machine, Lhereby l i n i t i n g  
i t s  nser'ulnesso D r .  Lederrxn, of England, sizggestcd a hectocui ie  unit  f o r  t h e  
neck areas  n i t h  the mass of tiie sh i e ld  coiitained x i t h i n  a 4 5 O  angle l imi ted  by 
the  herd and shoulder masses of tissve. 
machine by t i l t i n g  the source ykeel, thereby giving a ninimun shielding cass a t  
the  llontt pos i t ion  and naxinm shie ld ing  a t  the !fofl ' l  posii;ion. 

m1 illis aas  accomTlished i n  the hectocurie  

Subcommittee No,, 6 c a s  organized f o r  the  purpose of studying the t r a i n i n g  
of c l i n i c a l  ra2ia"uion Fiiysicists,  
Master*s degree o r  some previol:s trainin.g 2.s a clinical. ?hys ic i s t ,  f i l so ,  it i s  
des i rab le  Tor the  candidates t o  lirve consiclerable h o d e d g e  i n  some f i e l d  o ther  
than c l i n i c a l  physics, such a s  a knorledze of isoto;>e cses, including c a l i b r a t i o n s  
and the  use of r ad ia t ion  Tor hman therapy ana diagnost ic  pocedures .  
Utes of the  meeting of Subcomi t tee  I\Ioe 6 ne-e not  rerrier:ed, but copies of '&e 
minutes a r e  szbmitted as A:,sper,dix A of t h i s  L-eFort. 

Candidztes f o r  t h i s  t r a i n i n g  should have a 

Full di- 

n ihe  next  item on the asend2 !;las a rev ien  of recomnendz.tions by the  i , k t i o n d  
Committee on 1-dietion Trotect ion,  Scbconmittee No. 9, 
apFears possible  t h a t  scine stc'ies \%ill adopt Subcomit iee  Eo, 9l s recornendations 
a s  s t a t e  s t z t u t e s ,  
f e d e r a l  agencies, m i l l  adopt these reconmndations, 
p o r t a c e  t o  equipment nanufecturers. 

A t  the  :>resent tine it 

It i s  believed t h a t  eventual ly  most sta';es, and possibly the  
Xence, ti;hey have g;-eat in- 

Abstract  Tron the  r eyor t  of Su'ocomit';ee k , 9  of t$Le i ia t ional  Coimittee 
on i iadietion Z'rotecfion, T i t l e  lt?rotection !.gainst k d i a t i o n  Trorn 
iiadiun, Cobalt 60, and Cesium 137 EnczLxvlated 3ourceslr. 

V . k!edi c a l  L p l i  cs. t ions : Ye!-e the ra  yj 

5.1 Eiadioisotopes as Sources f 01- Teletkerapy Apparatus 

5.U Possible  souL'ces. The raCioisoto;Tes shorn in tab le  5 
can be made ava i l ab le  as teletheraily sources and are  ?reduced e i t h e r  
Q themd-neut ron  reac t ions  o r  by separat ion of l i s s i o i l  n;.oducts. 
They a l l  emit g m a  rays niLnin e n e r g  rar.ge su i t ab le  f o r  tele- 
therap7 and have a ha l f - l i f e  over 70 clap,  

5 .i2 Ea~.i tv .dd 22- sovrces, Most te le tkerapy sources can 

Such s o u c e s  n i l l  have e q o s u r e  r z t e s  of rimy ki lo-  
be expected t o  de l ive r  betreen 1 ard 50 r/'min a': a d i s t m c e  of 
1 meter, 
roentgens per  minute close t o  t h e i r  sc r faces  arid -:hen not  i n  t h e i r  
housings must be handled n i t h  remotely cont rc l led  instruments z t  
T e a t  d i s t zaces  o r  behind th i ck  b a r r i e r s p  k>paratrLs contaixing 
such sources nus t  be so d e s i p e d  a s  t o  be przctics1l;r Inolpi'oof 
in operation 2nd it must be improbable f o r  any accidents  t o  leave 
t h e  sowce  unshielded. 

5,13 Physical  form of Lhg isotone,  Sone isoto:Jes used f o r  
Lteletnera:q cm exist  as p u e  s o l i d  metals and can be cas t ,  mach- 
b e d ,  o r  , r e s sed  before irrac'.iation. The n e t a l l i c  s t a t e  i s  the  
nos t  s t ab le  and e a s i l y  handled, and tkerefore  the prefe7abl.e form 
f o r  zny source. So l id  sources a re  1 iLePj  t o  cons is t  of multiple 
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Tafers o r  i>e l l e t s ,  rh ich  must be f i t t e d  i n t o  a coiitsiner, 
chemical corrosion caii cause a dust ing problem and the contpiners 
r.iust be designed t o  p e v e n t  the  r e l ease  or" higWy raciioactive dusts, 

Some i so topes  c m  exist o n b  a s  pocdereci s a l t s ,  e.g. euro;Sum 
o d d e ,  the s?ec i f ic  ac-Livity of vhicn i s  very high, Before i r r a d i -  
a t i o n  such s a l t s  can be mixed n i t h  aluminum porder a i d  p e s s e d  i n t o  
metallic d i s c s  t o  reduce the hazard of norking n i t h  pondered sources. 
Sone materials ,  such as cesium su l f a t e ,  imve too 1017 a s 3 e c i f i c  
a c t i v i t y  t o  be nixed x i t h  a1cmim.m but  c2.n be pressed t o  high 
dens i ty  rri thin t h e i r  c o n t s h e r s  t o  reduce the  hazards of the  porrderod 
form. 
Some radioisotones n i s h t  conceivably be used i n  a l oose  pocdei-ed 
form, o r  could be ?reduced in  a l i q u i d  form,  
?om3ers Oi' l i q u i d s  must be spec ia l ly  d e s i s e d  t o  L3reve;i.C; acc identa l  
r e l ease  or' mater ia l .  

Iieutron and 

Such contciners  should bs  doubly protected asa i i i s t  lezkasa.  

Cofi'iaiiiers f o r  loose 

5,14 ?reqaret ion of ~qr g e t a l l i c  s o u r z e ~ ,  Certain sources, 
e.g. cobalt 60 2nd i r i i i i tm 192, c m  be ?i-e;xred as n e t d s  o r  me ta l l i c  
a l l o y s  of h i zh  2u.ri.ty. 
capsules of s t a i n l e s s  s teel  o r  o ther  su i t sb l e  s a t e r i a l ,  

Such i so topes  s h a l l  L-e saaled i n  a i r - t i gh t  

5.15 Testin3 of meta l l i c  sources before use. After the  isotope 
is loaded i n t o  i t s  pe-manent cz;xm.le, the caixxle shall be scrubbed 
clean of coiitanina%iiig rzLiocc t lv i ty ,  
the  manu2acturer mtil  a rezsonable t e s t  reveals no s ign i f i can t  
contamination. 
a d iy  fil-ker-palier an6 t o  cocnt t h e  z c t i v i t y  on the ?aiJer under 
standardized ge o iile b y  , 

It sLa11. no t  be ?eleased by 

A i-econmnded t e s t  is t o  scru.3 t h e  dry capsule Atl? 

5.16 Pre~argsfon of pondered gmrces .  Ceytain i so topes  such 
2s cesium, europiw,, 2nd radium =e not mde  in pure me ta l l i c  form. 
Usually the oxides o r  sulfates a r e  used. 
COE1iXXlEd that y i e l d s  -the h ighes t  vol-me s7ecEi.c a c t i v i t y  but  it i s  
necessary t h a t  such c h e r a c t e r i s t i c s  as deliquescence, deconposition, 
and grs  )reduction i n  a high g a m a  r ad ia t ion  f lux  be taken i n t o  
consideration, 

It i s  Clesireble t o  use a 

5.17 PoFdered-source caosvles, Isoto?es used i n  teletir?srayy 
s h a l l  no t  be sezled i n  g lass  o r  oSie1- breakable cor;'tainers. Qmnti- 
t i e s  or' a fer: cu r i e s  nay be sealed in an a i r t i g h t  sljeciall;. clesiFled 
pordered-source holder  a s  suggested i n  f i * v e  2. Large sowces  have 
very high i n t e r n a l  gama i n t e n s i t i e s  end are  subjec t  t o  decomsosition 
02 salts 2nd ninor  contan inmts ,  ap?reciable hea t  gererat ion,  and the 
p o t e n t i a l  Li,i-o&ction of zzses, r i t l i  a build-u:, of pressure ni-:hin the 
source container ,  
container  and then m d a d  i n  a second sai'et7 capsf ie  ccntaining 
an air pocket as sug2ested i n  li,m 3. 

shall decontanioate and t e s t  -bke -_'rirnaq pondered-souce coiitainer., 
The outs ide of the  sec3iiCiaqT container  s h a l l  be f r e e  r"i-OS? s i g i f i c a r l t  
contamhat ion on the  outside.  

Such i so topes  shoiuld be sealed i n  s! pondered-source 

5,18 'i'estinz Qor:dei-ed mrEs before ~ s z .  T!ie nanufacturer 



5.2 & s i p  of the Teletherapy Apparatus 

Teletherapy a l q c a t u s  may be divided i n t o  tno types: s ing le  
source and mrrltiple source equipnents. 

5.21 Sinsle-source xn i t s ,  Single-source u n i t s  cons is t  of 
a t  l e a s t  t h ree  pa r t s ;  a completely shielded housing adequate f o r  
t he  sou-ce i n  the  1'offtr posi t ion,  a c o l l i m t i n g  aperture ,  and a 
device t o  t u r n  the  beam IIon1r and IIoffII. The housing may be c a s t  
of metal o r  of machined o r  sinteTed metals. 
necessi ty ,  po r t s  in t h e  sh ie ld  t o  a l l o c  f o r  loading and opening 
devices , 

There : -Al l  be, of 

5.22 ikdtiDle-source units, 1:Iultiple-souce units may 
be of many d iverse  designs. V'.ere so-urces e x i s t  a s  separate  
u n i t s ,  each should nee t  tlie pro tec t ion  requirements of a single- 
source uni t ,  except t h a t  the pro tec t ion  requirements f o r  the  
e n t i r e  apyaratus s h a l l  i n  no case be l e s s  than those recomrended 
f o r  a single-source mi t  

5,23 E r s e c t i o n  requireLents  f o r  _t;le kusinp,. The housing 
and col l imat ing devices s;iall be so  cons imcted  t h a t  a t  50 cr;1 i n  
any d i r ec t ion  f r o n  *?le source i n  tiie "of f i t  :2osition, t he  exposure 
r a t e  does not exceed 6,25 rz/hr. 
r a d i a t i o n  s h a l l  no t  exceed l$ of the  usefu l  beam a t  the  same dis- 
tance f r o m  tiie source. 
nXL resu l t  i n  a decrease of seconciar;~ b a r r i e r  requirements. The 
apparatus  should be so c o n s t n c t e d  t h a t  t1iel-e i s  rezsonable assurance 
t h a t  t he  body cf my yerson :.iE not  5e vitiiin the  aanger range 
dur ing  rout ine t ine-cmsming nanipulat ions,  
should be such tlizt r e p a i r s  2nd r,airitenance can be done sai'ely, 
Adjustable bean d e f h i n g  d i a p h r s s s  rhen used s h a l l  a l l o n  trans- 
mission of n o t  nore than 5:O 0; the  useful >em dose rate outs ide 
of t h e  use fu l  beano 
resolved on t h e  Sesis of uhole bo@ e:cosu.re r s t e s .  

In t h e  ffonll pos i t ion  tha lealrage 

b r'urthei- reductior, i n  leakage r ad ia t ion  

i'he construct ion 

The problel-, of p i n  point  ledcs should be 

5.a ( T h i s  sec t ion  has been ler't out in  the revis ion.)  

5,25 F i l t e r s ,  F i l t e r s  t o  hzrden the ra6 ia t ion  a re  usual-l:r 
unnecessary i n  most teleti iereg nachiaes,  
radioisotopes,  f o r  eranple  ettro;2iul? 152-154.,, rhere  I l l ' c i a t i o n  of 
s o f t  gama rays is  necessary, the i ' i lter shall 5e e permanently 
aff ixed part of t h e  houcing, 

i n  the case of some 

5.26 ?os i t i on inn  of ihg soxrce in the housinp,. The re- 
l z t i o n s h i p  of t h e  source and t h e  coll i inating o?ening shal l  be 
such t h a t  in the  I tofff t  pos i t ion  of t h e  beam the moviilg p a r t  s h a l l  
alcays re tu rn  t o  a pos i t i on  of sh ie ld ing  as dei'iaed ir, sec t ion  
5,23. 
res t  Rith the source and the  beam col l imat ing  device accura te ly  
aligned. 
t a i n e r  s h a l l  be f i l l e d  and er?lptied Kith less t5an a 5:; change 
i n  e:posure rate in tlie ltonll posi t ion.  

In the I*ontf pos i t ion  the moving par t  shall alvays come t o  

If a l i q u i d  iron-offrt device is used, the l i q u i d  con- 

E the l i q u i d  i s  mercug, 
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periodic  tests 
they a re  t o x i c  
i n g  personnel. 
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skould be xade f o r  leakage of mercury vapors s ince 
and olso may d f e c t  the f i lm  badges used i n  nonitor- 

5.27 Butomatic control.  Tie beam con t ro l  mechanisms 
s h a l l  be of a pos i t i ve  design czpable of ac t ing  i n  any pos i t ion  of 
t he  housing and s h a l l  shut  o f f  automatically,  I n  addi t ion  'io t he  
au tona t ic  c los ing  device -the ap:>aratus s h a l l  be so designed t h a t  
it can be n.snm11y burned off  r i t h i n  rxinirnum r i s k  of ex;3osure, 
The noving p a r t s  s h a l l  be so  les igned t h a t  it is highly inprobable 
f o r  project ions,  breakages, loose screT::s, diTt,  o r  f a i l u r e  of uly 
p a r t  t o  impede the  c los ing  of t h e  source. There s h a l l  be a t  t he  
housing and on the  cont ro l  panel a vrarning device Lhat p l a in ly  
i n d i c a t e s  rhethei- the  ap?aratus i s  o r  Iloff'lo The coi:trols 
s h a l l  be provided f i i th  a t imer  t h a t  au tona t ica l ly  termiiiates "he 
exposure ar"ter a pre-set time. 

5.28 Precaut ions  i n  tke "on-of ff '  bean-control nechaiiisn, 
Thateve:: the I1on-of f 1 I  s h u t t e r  nechanism (so l id ,  l i q u i d ,  s l i u e ,  
nheels ,  o r  s h u t t e r s ) ,  the  c losing device s h a l l  be so  designed a s  
t o  r e tu rn  autoriaticall;. t o  the 'lof=l' pos i t ion  in the event of any 
bredsdoim o r  in t e r ruF t ion  03 the  a c t i v a t b g  fo rce  end. shcll s t z y  
i n  the  Itoff" pos i t ion  nken the  f c r c e  goes on azain u n 3 l  ac t iva t ed  
from control. The beam-control shall be ixovided 1;;itii a locking 
device t o  ?reTrent unauthorized use , 

5,3 ilesiga of the  Telethera2y 2oom 

In general  t h e  requii-ezents of teletl iera2y r o w s  are the  
same as those given i n  iBS Handbook 41, sectLon 12, Yherapeut ic  
X-ray I n s t a l l a t i o n  Energized by Zo ten t i a l s  of 251 t o  2,000 Ililc- 

The y o t e c t i o n  design f o r  t e le therapy  rcoms f o l i o u s  tile 
same pr inc ip l e s  as st.zted in  IBS Kandboo!: 50, IfX-ray ?ro tec t ion  
De si 11 . 

5 .3l Generai structure1 reavir9ments. Lead b a r r i e r s  s h a l l  
be mounted i n  such a m n e r  t h a t  they a i l l  not  czeep Lecause of 
t h e i r  o m  rreight and shall be protected aga ins t  mechmical dz.nage. 
Eovable b a r r i e r s  should not  be depended upon except f o r  emergency 
?rocedures. Pro tec t ion  f o r  t he  useful beem shall be compnted 
nithou-t a p z t i e n t  in the  bean. Iii general, it is rioi-e economical 
t o  place the  observation rrindorr so t h a t  the useful  beam cannot be 
d i r e c t e d  a t  it, 
maze ra ther  than  a heavy lead  o r  s tee l  door ?or access  t o  the 
r ad ia t ion  room, 

I n  general ,  it i s  more economical t o  provide a 

5,32 IrinarL Trotect ive ba r r i e r s .  i ' r i i i z4  pro tec t ive  

f i a r r i e r s  
b a r r i e r s  s h a l l  be provided f o r  any area t h a t  the  user"ul beam nay 
strike r i t h  the  l a r g e s t  Sossible  diapiira,gm opening, 
s h a l l  extend a t  l e a s t  six inches beyond edge of t h e  user'ul bean? 
f o r  any possible  orientatLon, 
n i l l  depend upon the  type and s t rength  of t he  sourceo 
s h a l l  be such that, a t  no place l i a b l e  t o  uncontrolled habi ta t ion  

?he a c t u a l  pro tec t ion  re@.rements 
The b a r r i e r  
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s h a l l  the r ad ia t ion  exceed the exposure r a t e  of 6.25 mr/hr. 

I n  the case of most isotopes,  t he  rad ia t ion  i s  no t  a continu- 
ous spectrum bu t  is from e i t h e r  a s ing le  o r  multiple nonoergic garma 
energies.  The pro tec t ion  requirements nil1 be hizher  for  a o,ono- 
chromatic gamma energy than f o r  a similar peak energy from .a X-ray 
generator. 

The cont ro ls  should be i n  a sepera te  room Oi* behi id  2ema- 
nent  structures. 
hazard0v.s a reas  s h a l l  be provided n i t h  e l e c t r i c a l  in te r locks ;  
narning l i g h t s ,  b e l l s ,  o r  other devices should a l so  be Trovided. 

All access doors t o  t h e  t reatEent  room and other  

5,33 Secondary pro tec t ive  b a r r i e r s ,  Secoadar; p ro tec t ive  
b a r r i e r s  sha l l  be 2rovided f o r  all a reas  exposed, t o  leakage and 
scaLtered r ad ia t ion  . 

5.4. Operating Procedures 

The sca t t e red  r a d i r t i o n  f ron  the p , t i e n t  and l rom the na l l s  
and f l o o r s  of nos t  sources n i l 1  be such t h a t  no o ther  person should 
be al loved ir, the  room rrith the  pa t i en t  dur ins  I r r ad ia t ion .  

Folloning the  reading of t he  te le therapy  sect ion of the  nen hmdbook, 
D r ,  Brucer pointed out  t h a t  t he re  vere many i t e n s  throughout the  book t h a t  n igh t  
be of imediate i n t e r e s t  t o  manur"acturers of X-ray eouipuent and f e l t  t h a t  t he  
b e s t  ray of point ing out  all of these events i s  t o  s&nnarize in a check l i s t  
fashion a l l  t h e  items t h a t  n igh t  have some usefulqess  i n  the present  discussion. 
The summary check l i s t  i s  a s  fo l lons :  

1. 

2, 

3. 

44 

54 

6, 

Apparatus cor ta in ing  high c x i a g e  sources mst be 90 designed as t o  be 
p r a c t i c a l l y  foolproof '  i n  operation md it must be improbable f o r  any 
accidents  t o  leave the  source unsliielded. 

n e r e v e r  there  i s  the  p o s s i b i l i t y  or" radioect ive p o d e r s ,  the source 
nus t  be clou'bl;~ sealed. Although the  Cansdians do not  f e e l  'chat the 
pelLet form of i r r a d i a t i o n  y i e l d s  a dust ing problem, the e:qerience 
at ORiqL i s  t k e t  the  mZer used i n  American operations does Zive a 
dus t ing  p o b l e n ;  therefore ,  ne a r e  inter::reting the  regL1lations t o  
mean that ne should use a double s e d .  ca;3sulation f o r  cobal t  60. 

The manufacturer nil1 be res?onsible f o r  assur ing t h a t  the capsule 
has been scrubbed c lean  of contaninating red ioac t iv t ty ,  and t h a t  t he re  
is no pressure build-up r i i thin the  source & e  t o  gas piodmtion. 

The p o t e c t i o n  requirements f o r  t h e  primary sh ie ld ing  in the  housing 
of the  source s h a l l  be 6.25 mr/hr a t  50 cm i n  the lof f"  gosit ion.  

In many designs nhere the  source changes posi t ion i n  the  llonll pos i t i on  
the  leakage r ad ia t ion  shall not  exceed 1% of the use fu l  beam measured 
a t  the  sane d is tance  from t h e  so-ace.  

The machine that s h o d d  be d e s i s e d  so  as t o  keep the  operators  body 
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as f a r  a s  possible  asay from the  machine i n  rout ine time consuning 
operations. 

Repair mci naintenence must be ;?ossible r i t h  the source i n  a Safe 
pos i t  ion  

-- 
The requirements f o r  cones and diaphragms i s  the saqe as f o r  ir-ray 
nzchines. 
of t h e  cseful  beam rhen neasured a t  the  saae d i s t ~ n c e .  

The leakage through the  cone s h a l l  no t  be nore than 5% 

The problem of the  p ln  point  l eaks  t h o u g h  holes and cracks i n  the  
machining of t h e  p r i m a r y  sh i e ld  housing should be resolved on t h e  
b a s i s  of t o t a l  body rad ia t ion ,  This i s  a very d i f Z i c u l t  ?roblern t o  
def ine o r  t o  specify i n  protect ion r u l e s  and regulations.  
expected t h a t  designers of equi?ment xi11 use comiion sense in  remember 
ifig t h a t  rad ioac t ive  isotopes a re  elvays llonll and t h a t  the  p r i n v y  
considerat ion must Le sal'ety in  rout ine operations,  

It i s  

F i l t e r s  f o r  i-adiation rhen necessary should be Fernanent p a r t s  of t h e  
housirg, 

In  those d e s i p s  n i t h  moving sovrces o r  moving shx t t e r s  the  source must 
be co r rec t ly  dined vhcn it rioves t o  the  Iloff" posit ion.  
machines nhere the source moves r"rorn !1onll t o  the  Itoffa p s i t i o n ,  v!ien 
moving i n t o  the  r ro f f f t  posi t ion,  it shorld alvays move t o  the Point  oL" 
con;Jlete s h i e l d i q ,  
ing  can l e a d  t o  mssfe e;:T:osrme ra t e s .  

In  those 

&;criznce has  aiiorm ';hat rrinor e r r o r s  i n  position- 

In the Iton'* p o s i t i o s  the moving parts s h a l l  a l r ays  conie t o  res t  v i t h  
the  source and t h e  Lear c d i a a t i n g  device accurately d i n e d ,  
ence aza in  hes sii0r.n iilinor c h a q e s  i n  the pos i t ion  of the  sotme o r  in 
the  pos i t ion  or" t he  c m e  ca;i cause very l a rge  d i E e r e m e s  i n  t h e  
e f f ec t ive  isodose ;>at';erns. 

E q e r i -  

m e r e  a l iquid.  such a nercurg i s  used f o r  *lon-offfl device e q e r i e n c e  
has shorn that i.ncor.:)lete f i l l i n g  o r  em;)tyir,g of the l i q u i d  container  
c a i  cause l a rge  Gil'ferences i n  the transciissioL o r  siiieldiiig of t he  
b e m a  A 5% exposwe ;,ate d S f e r e n c e  i s  co:=sidei-ed 'by the  ilzndbook t o  
5e a ninizum required I ' i l l i n g  and exptying tolerar-ce. 
pointed out t h a t  in the  case 02 merctm tlie ma:s:imm al lonable  concen- 
t r a t i o n  of x e r c u r j  i n  a i r  i s  0.1 mill igrams ?er cli-bic meter. A t  room 
tenperatare rr,ercur.y vapor 17hen a t  e q u i l i b r i m  r . i th  t he  sup:;ly of 
cercury i t  i s  near ly  MO tines t h i s  allor.-z>le concentration. It i s  not  
necessary t o  hea t  p.ercurj t o  dr ive  OX su2f i c l en t  vapor t o  contaninate 
the  sur romding  atrlos;2here. 

It i s  a l so  

In the  case of any accident  or" malfunction of machinery, the design 
should be such t h a t  t he  machine autometically r e tu rns  t o  the soffit 
pos i t ion  , 

There should be a Loc!; on the cont ro l  panel t o  prevent unauthorized use, 

The au tona t tc  b e a !  cont ro l  mechanism & o d d  operate i n  anjj pos i t ion  of 
the  main housing, 
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I n  add i t ion - to  the  automatic I1offf1 nechanism there  should be a manual 
skut-off e a s i l y  reached i n  cases of ernerzeiicy, 

There should be a m r n i n g  s igna l  both on the machine and on the :;anel 
nhich s t a t e s  t h a t  t he  machine i s  e i t h e r  1(0;1*1 o r  '!off1'. 

Thei-e should be a pre-set t i n e r  t o  aui;onatical&;r terminate exgosure. 

Any mterial can be used f o r  r ad ia t ion  protect ion,  
necessary b u t  if used the  problem of cold Ploa and the creep of l e a d  
should be taken i n t o  account. 

Lead i s  not  

There should not  be a dependance on movable b a r r i e r s  f o r  rout ine oper- 
a t ions ,  
Braestrup r o t z t i n g  design, a re  no t  considered a movable b a r r i e r  bct  a r e  
r e a l l y  a f ixed  b a r r i e r  i n  r e l a t i o n  t o  the  bean, The many designs which 
have been suzgested nei-e a separate  sheet  ol" lead  o r  i r o n  t h a t  I s  moved 
i n t o  pos i t ion  nith each t r ea tnen t  a r e  not considered good p o t e c t i o n  
p rac t i ce  

Bar r i e r s  rrhich a re  a pat of the machinery, such a s  i n  the  

The use fu l  bean protect ion requirepents  9re c a l c d e t e d  xitlnout a 
p a t i e n t  i n  the beam, honever, there  is a l s o  a Zecessi ty  f o r  cz l cu la t ing  
the  r ad ia t ion  pro tec t ion  ieq-clired frora the s c a t t e r  rad in t ion  rihen a 
pa t i en t  i s  i n  the  beam, 

In general ,  the  observation ciildon i s  b e t t e r  :>laced oc-t or" the  useful 
beam. 

In general ,  it i s  usually 'setter t o  use a mze rafher  t h a n  a d i r e c t  
door i n t o  tile teleti ieragy room, 
nindon and the  maze t h i s  i s  not a requirenent but  a susgestion on 
econorq7. 
recomendations,  

In  tile case of both the observation 

I n  n a y  s i t u z t i o n s  it m a y  a o t  be p r a c t i c a l  t o  f o l l o u  such 

The IrrrharJ b a r r i e r  i s  usua l ly  ca lcu lc ted  f o r  t he  use fu l  beam n i t h  the 
l a r g e s t  coDe i n  place ancl si:: inchas beyond the  eCge of this beam. 

The p i r n a r j  requirement .^or ca lcu la t ing  skielclirg necessary f o r  rooms 
s i t - a t e d  around a 'ieletliera2y i'oom i s  t h t  .imy shall. 3e s S e  no n a t t e r  
nht is hap>ening in the  te le therayy  roon. The nay i n  nhich l lsafetyl t  
i s  currentl;. dezined i s  t h a t  t he re  should not  be nore than 6,25 nr/h 
exposure a t  any a rea  not  unaer cont ro l  of the  r ad ia t ion  sa2et:r o f f i ce r ,  
I n  sone ceses  this may be too s t r i c t  a d e f i n i t i o n  ancl an occupzacy 
f a c t o r  c.m be taken i n t o  account. In such places  a s  cor r idors  in  X-ray 
clecartcents t o o  narron f o r  f u t u r e  desk space, i n  r e s t  rooms no t  used 
by r ad io log ica l  personnel, in parking l o t s ,  L t i l i t y  roomsp e t c ,  
r ad ia t ion  pro tec t ion  c a  be based upon an e,qected occupancy o f  one 
qua r t e r  of full O C C U ~ ~ I X Y .  In  such places  zs s t a i r m y s ,  airtomatic 
e leva tors ,  streets, c lose t s  t oo  s m a l l  f o r  fcture rork  rooms, t o i l e t s  
cot used by rad io logic  personnel, etc. ,  radiat ior ,  protect ion can be 
ca lcu la ted  on the bas i s  of occasional occqancy  a t  a'corrt ,06 of f u l l  
occupa1cy 0 

No uncontrolled exes should, horiwer, receive z r e a t e r  than 6.25 mr/hr, 



28, The control  Fanel f o r  any te le therapy  machine sho-dd be i n  a room 
separate f rorn the te le therapy  machine itseli" . 

29, There should be an e l e c t r i c a l  i n t e r lock  on the doornay leading t o  the  
t e l e t h e r a p j  room. 
b e l l s ,  o r  o ther  devices should d s o  be provided i n  addi t ion  t o  the 
e l e c t r i c a l  inter lock.  

The k c b o o k  rill recoimend t h a t  rrarning l i z h t s ,  

30. The te le therapy  nachine should be so  designed so  t h a t  only the p a t i e n t  
need be i n  the room during treatrLent, 

31. A W a g e r  zoneI1 i s  defined as a d is tance  a t  vrhich the g a m  r a d i a t i o n  
from a s a q l e  of rad ioac t ive  n z t e r i a l  i s  6.25 mr/lir vhich corres2onds 
t o  the  3CO mr per 46 hour reek. 
r:ithin this dulger  range should be inaccessible ,  

The subcormnittee i s  asking t h a t  a r eas  

32. The subcommittee i s  askin: t h a t  soxrces shall be readi ly  dis t inguish-  
ab le  u2on d i snan t l i cg  the instrument, 
sec t ion  on F!on-medical Apylications, t h a t  it s h a l l  not be cocsizered 
su - f i c i en t  t o  ca lcu la te  dose r a t e s  and danger range f o r  multicurie 
s o u c e s  f r o m  consideration only of tho mount of a c t i v i t y  present.  
Fo r  such s o w c e s  an a c t u a l  survey a t  a r a i i a t i o n  l e v e l  sl;ould be nade. 
Consideration uust be given both t o  Grixa.7 and scatkered rad ia t ion .  

It i s  also s ta ted ,  under the  

33. In another por t ion  of t he  kcadbook, it i s  s t a t e d  t h a t  an i n i t i a l  survey 
should be mcte a t  any l a c i l i t y  t o  be w e d  Tor the naiidling o r  s torage 
of rad ioac t ive  sov;"ces. 
t a i a e r s ,  tram:)ort  ca r r i e r s ,  sh ie lds ,  a d  te le therapy eqvipment . The 
survey shotlld be mcie by o r  uiicler tke  supervision of a qcialified ex- 
p e r t  vi10 should s u b ~ t  a n i t t e n  report .  ;To tele5!ierapy i q s t a l l a t i o n  
shollld be used rout ine ly  mti l  i t s  s a T e t j  has been es tab l i shad  by such 
a pro tec t ion  surveyo 
I t o f f "  postion t o  deteraine t h a t  it conplies n i t h  the requirements of a 
p o t e c t i v e  source howsing, 
should be e s t ab l i shed  f o r  all personnel concernedc A survey should 
a l s o  be made or" a l l  regions adjacent  t o  the r ad ia t ion  room r i t h  the 
a re r tu re  open a d  a y a t i e c t  o r  ?h&?ton i n  place,  Such neasurenents 
should be rade f o r  2ypical u se fu l  Seam d i r ec t ions  t o  determine the  
dose t o  ;2ersonnel under the  a c t u a l  conditions of operation, 
repor t  should include r e s t r i c t i o n s  or" o3eration o r  occupancy if indica- 
t ed  by t he  meeswenents. 

The s m - e y  s h o d d  i rx lude  a l l  storege con- 

The suxvey should 'be nade n i t h  a beam i n  the 

Operation procedures based on such a survey 

The 

Ioniza t ion  chamber measurements a re  required o ~ l y  if a p r i o r  
scanning n i t h  a s u i t a b l j  ca l ib ra t ed  Geiger-EbU.er o r  s c b t i l l a t i o n  
type of instnunent  i n d i c a t e s  o c c q i e d  regions t o  have a r ad ia t ion  
l e v e l  of over one f i f t h  the permissible dose r a t e .  

A l l  t e l e t i i e r aF j  machines should be surveyed per iodiczl ly ,  There 
should be an add i t iona l  m i t t e n  repor t  nhenever a major chznge i s  mzde 
nhich may e f f e c t  the  v a l i d i t y  of t he  init ial  survey repor t .  

34. Personnel monitoring should be emgloyed rrhere r ad ia t ion  s d e t y  depends 
upon proper opera t ing  procedures, It i s  t i e  f e e l i n g  of t he  subcornnit- 
t e e  t h a t  t h i s  i x l u d e s  te le therapy  e q u i p e n t ,  

i I 3 b 2 b 2  
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No attempt t o  remove cobal t  60 from seclez o r  p l a t e d - c o n t a h e r s  should 
be made except by qua l i f i ed  l abora to r i e so  

The problem of t h e  ultiiiiate d i s p o s d  of rad ioac t ive  mater ia ls  i s  no t  
taken up i n  the iiandbool:,but it i s  pointed out i n  the hancl'aook t h a t  
information should come from the s u g l i e r  of t he  souzce. It i s  T e i t  
t h a t  i n  nos t  cases t h i s  rePers e i t h e r  t o  the Canadian o r  the O ? d L  
suppl ie r  r a t h e r  than X-ray equipment manufacturers. 

A s ta tenent  appears i n  the handbook rliicii 3hOdd be discussed ca re fu l ly  
by the i n d u s t r i a l  group. Under sec t ion  A.25 (zefer r ing  t o  radiwn) the 
f ollorring statement aypears: Y7henever size permits, ca3sules s h a i l  'oe 
c l e a r l y  and permar,en-i;lg marked and be i-eadily i d e n t i f i a b l e  from a con- 
sidezable d is tance  as t o  theii- content. :.hen sizes and sha2es Ere not 
adequate, o ther  :Leans of i d e n t i f i c s t i o n  should be em?loyecl strch as 
plat ing,  enameling, o r  e l e c t y o l j t i c  e t c l i n g  with d i f f e r e n t  co1ors.I' 

Another s t a t enen t  apyears mder  sec t ion  A.43 (refei-rLqlg t o  radium) 
nhich should be discussed I n  tile Iiovern'oer 6 reet ing.  
shall obtain d a t a  a s  t o  the xnSo;-mit.j of d i s t r i b u t i o n  a id  amo-mt of 
a c t i v i t y  ana shall  provide this information t o  t he  buyer o r  the  user 
together  n i t h  the  i d e n t i z l c a t i o n  of the capsule, of the  metal erqloyed 
f o r  t he  capsule, and i t s  -;~s.ll t i i i c laess  and of the type and pu r i ty  of 
the  r e d i m  sa l t  us8d.R 
radium, it n:ay be of v a h e  -to discuss  t h e i r  .-,ear,ing i n  so f a r  es other  
i so topes  a r e  concerned. 

"The m u f a c t u r e r  

Aithov-gh these sec t ions  r e z e r  pr imari ly  t o  

FollorLnE; the  d iscuss ion  on r ed ia t ion  ?rotect ion,  D r ,  Hocha2adel of ORKL 
discussed some of t h e  r ecen t  work on the  use or" cheiiical d o s h e t e r s ,  
appendix S) 

(See 

The group adjourned f o r  lunch. 

The afternoon sess ion  recomened f o r  discussion of the  problem of standard- 
i z a t i o n  of source ca?sules. 
trade-in f o r  machines and s o u c e s ,  it i s  Zesii-able t o  staiiccrdize a t  l e a s t  the  
ex te rna l  spec i f i ca t ions  f o r  t h e  source capsvle. l o r  e:rainpLe, if an inc':lviiiual 
has  a k i l o c w i e  source he could docXe its l i f e  by t:-zzxf'exir-g it f r o 3  a k i lo -  
cur ie  t o  a hec tocwie  aaclAne, 
Brucer demonstrated the  OLIi'TS c a p i l e  rhic:? ras desizned t o  z e e t  the  requirenents  
of the NCRP and of t h e  I so topes  Trocessing Di-Jision of tke  Oak -3idge National 
Laboratory, 
t h e  US-UC. 

The group r ead i ly  a g e e d  t h a t ,  t o  f a c i l i t a t e  t he  

To S!IO-J one cocce,jt of a so'mce capsule, 2ra 

T h i s  design R i l l  take all l o r n s  of coba l t  nor1 olfei-ed l o r  sale by 
The container,  hovever, rill not  take a l l  cesitliil sowces.  

The e n c a p u l a t i o n  01 cobzl t  cannot >e done exceG*t, n i t n  renote handling 
devices loca ted  behind th i ck  shields .  
o r  in Canada. 
vas introduced t o  discuss tile probleros of h igh  curiage so-uce e n c a p i l a t i o n ,  
started the  discussion by s t a t i n g  t h a t  the  O€UiTL!s i i i t e r e s t  i n  a standardized 
capsule stems from reques ts  f o r  the  Labo;.atory t o  loed the  ca;sules. 
t h a t  the  capsules should be r e c h i c a J &  s i q l e  and e a q  t o  s e d ,  ar,d t h a t  t ke  
s e a l  should h e  designed t o  be f r e e   OR leakaze i n  order t o  nee t  t h e  IJCR? recon- 
nendations. 

Such equi3nent i s  ava i l ab le  i n  Oalc Ridge 
h t i i u r  F. Eiusp, of t he  I so topes  Development Department of OF'dJL, 

Be 

Ee s t a t e d  

I k Q  Rupy, rev iered  the OFJiTS s o u c e  holser  t o  shorr h o r  i t s  d e s i g  
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arranged the cobalt  Go s o u x e s  t o  give a ~~inimum of s e l f  absor;Jtion. 
next  ou t l ined  the d i f f i c u l t  manipulations Thich can be involved i n  renote iisndl.ing, 
such as sc re r ing  to se the r  p a r t s  o r  by sea l ing  -7ith ?ressureo 
the necess i ty  f o r  a l a z p  coiitainer f o r  the  reason t h a t  a smd1 source c m  be 
placed i n  a la rge  hole 
t o  a small container. 

i k ,  A L I ~ ; ~  - 

i!Ir. Eupi eriphasized 

riith shims, bu t  a l a r g e r  source cannot be ezs i l ,  v ada1:ted 

Nr, Izupp s t a t e d  t h a t  it vas theoreticall-y possible  t o  ge t  very high specific 
a c t i v i t y  cobal t  but t h a t  OPaL had so f a r  averaged l e s s  t h m  20 cu r i e s  per  grame 
The Laboratory hopes t o  get  ( m a y b e )  35 cur i e s  p e r  Dam and conceivably they could 
ge t  50 cu r i e s  :?er wan, These d i f i e r e E t  s p e c i f i c  a c t i v i t y  soui’ces a re  going t o  
involve va r i a t ions  i n  size and it s o d d  be v e l 1  t o  have as Much r l e x i b i l i t y  a s  
can be d e s i p e d  i n t o  a te le therapy  machine. Also, the  presefit size af a cesium 
source i s  about 3 x 3 cc1, 
on the  he ight  of t h e  cesium sou-ce, bu t  it :-!ocld be des i rcb le  t o  ge t  m a x i m a  s;:ace 
i n  the design of the source vhesl. 

A t  the  ?resent  t h e  ORNL be l ieves  t imt  it czii cut  dovn 

EIr, Rup? i r d i c a t e d  t h a t  OI’JTL f avor s  t h e  lead  inne r  s e d  75th a pressure 
c los ing  of the  f irst  o r  i m e r  s e d ,  T i t h  the  second and t h i r d  s e a l s  riade by screr-  
i n g  donn an o ~ ~ t e r  cap. 
pmmts; a f i r e ,  honevor, might cazse t h i s  s e a l  t o  be broken. 

0X;L has enca;miLs-i;ed sone sources bg dolder i ig  tine COT:- 

A t  t h i s  point  D r ,  Aebersold reqv.ested t h a t  the  program be tmned  over t o  
Mr, R e  F, Zrrington rho  discucsed the Canadian capsule acii nulufactur ing problems. 

M r *  E r r i n s o n  agreed d t h  IMr, Ruppls s ta tenent  t h a t  the d.esign of t h e  te le -  
therapy unit should leave a s  much roon as ;>ossible i n  the nachbe  f o r  sonrces.  
He pointed out t h a t  he might have an u l t e r i o r  motive behind i:is recomc,endation 
because the  Canadians a r e  making cobal t  in a l i t t l e  difi“erer,t ray than r?ces t he  
US-AX, 
i n  p e l l e t  2orm from mil l imeter  nire. 
they have an average d e c s i t j  of about one half  of s o l i d  CObdtm 
indica ted  t h a t  they d id  not  l i k e  the  cobal t  rrafers they used a fer: y e u s  ago and 
are non using the small p e l l e t s ,  The m 2 e r  so’nces a re  considered a s  hsviiig had 
their  day and xG.1 not  be re-ir,.adi~.ted. 
r e - i r r ad ia t ion  ol” the cobal t  peLlels, 

Generally speaking, they iip.ve 85 cur i e s  ;:er c ~ a n  mater ia l  d i i c h  i s  nade-. 
7ien the  p e l l e t s  a r e  ?laced i n  a capsule 

i”.ir. Erringbon 

Ho.r!ever, they a re  p o v i d i n s  f o r  tlie 

hlr, Errington exaxiced the  OFJJS ccysule and sSated that the ca?,sv.le they 
are non using is not  qu i t e  so cor1plicated- 5ecause t h e i r  i2el;ets can Le ; ioued i n  
and a top imt on, I n  e m i n h g  the  outs ide of tile O X X S  cr.psule, ke s t a t e d  t h 2 t  
it i s  e s s e c t i a l l y  the  same e::ce;)t “hat  the Canadian capsule i s  a hex-sided nit. 

D r g  Srucer  asked EIr, &rington if he thought it log ic s1  t o  make a capscle 
t h a t  could be t r m s f e m e d  t o  o ther  machines a s  the  source c u i r g e  ge t s  smaller. 
EIr, Errington a s e e d  *!la% it nas a very Zood idea d e s s  i n  so doing you place 
a t e r r i f fc  s torage and handling problem on the manufacturer. k t  t h i s  2o in t  D r ,  
Aebersold sa id  tiiat he thought it x s  a p p o p r i a t e  t o  s t a t e  t h a t ,  a t  t he  > resen t  
time, t he  cobal t  sources have no cesale value t o  the Gomission. 
honever, t h a t  i nd iv i cka l s  could solve this problem by selling t h e  decayed source 
t o  someone e l s e ,  ik, EFrington asreed t l x t  it 
he Tointed o a t  t h a t  the Canadians a r e  ;;jioneering t h i s  Lnoblein, 
it i s  economical then Faybe the U % G C  ~ o d d  consider it. 
a t  the  present  time, ?eople a re  t h b k i n g  i n  t e x i s  of using 35 o r  L>O cur i e s  Ser 

It i s  possible ,  

nat cbw to s h 3 ~ 3 & q - k n c e v 0 r ~  
if they can ?YOVS 

Kea f w t h e r  s t a t e d  t h & t ,  



gam and t h a t  d t e r  a f e n  years  they may be thinking or" using higher curiage p e r  
,Tarn 
of re- i r radiat ion.  

A t  t h a t  s tage o ther  considerations rr iU be coning i n  t o  a f f e c t  the 2 i c tu re  

A question from the  f l o o r  asked about t he  m&mm economical s ize  of 
cobal t  60 sources. h. Erucer s t a t e d  t h a t  it had (almost) been decided t h a t  t h e  
rlJoimsrl 2 cm size i s  t h e  most i 'easible; honever, the Argonne 1Tationd Labora toq  
i s  no? s e t t i n g  up a 1 crn d iane te r  source nhich Rill give a l i t t l e  b e t t e r  ?enumbra. 
Dr. B-mcer f u r t h e r  s t a t e d  t h a t  there  rias a good deal of abmement t h a t  a 2 cfl t o  
2.5 cm eource i s  probebly tlie l a r g e s t  economical source f o r  use. I&. f i r i ng ton  
sa id  t h a t  he hoped not ,  'but t h a t  you can ge t  a lnos t  anything you rant if yo; a r e  
T i l l i n g  t o  pay f o r  it. 

Ia closing, I.!!. Zrr ington s t a t ed  t h a t  anyone 17as nelcone t o  the sneci3.c 

D r .  Brucer asked 
d e t a i l s  of the  Canadian capscde; hmever,  he Tanted t o  emphasize t h a t  he d id  n o t  
think it ras any b e t t e r  than other  capsules under discussion. 
U r .  Err ington j.2 he r o u l d  be n i l l i n g  t o  go along 76th a standzrdized cu ts ide  
s p e c s i c a t i o n  f o r  the  sowce  holder i n  order  t h a t  Canadian sources could be 
interchanged r d t h  American sources. 
i n  favor  of s tandzrdizat ion.  
ob jec t ions  t o  ihe idea  of s tandardizing the outs ide size and shal;e of the  source 
container. No object ions nere  eq res sed .  

Ilr, ZrrinLton sa id  t h a t  h i s  cor.1pw.y c:ould be 
Dr. Brucer then asked the grou? ii there  reye any 

1J.r. R, G, id i l lar ,  of t h e  Keleket X-yay Cor.ipany, asked nhether, if the  p r i ce  
of cobal t  60 is $10 Per cu r i e  and you have a 2000 cur ie  source tr i th an initial 
c o s t  of $20,000, you could, a t  t he  end of f i v e  T e a s I  trade i n  the  remaining 
approxinate 1000 cu r i e s  and save t;lO,CCO on t h e  ?urchase ! r i c e  or' azother 2000 
curie  sourcec 
a s  a matker of policy i n  tlie negative arid s t a t e d  t h a t  the ?JS-A.EC considers it 
e a s i e r  t o  use f r e s h  cobcl t  i.l r,akLig raGioactlve cobal t  60 saurcesn 
in t e r rup ted  to oo in t  ou t  t h a t  t h e  difTic7dty in receivins:, uqacking ,  and re- 
packing sources f o r  re-irraciiation mas the reason he aanted everybody t o  go t o  
OUTL f o r  t h e  i,!ondey demonstration. The group could thus ge t  a comyrehensive 
understanding of t h e  problems involved i n  loading and unloading rad ioac t ive  
sourcese 
i n  his recent  t a i k s  t o  Trossective ccstoners,  he found that xedical ;eople are  
a s s u i n g  that a decayed source can be t raded i3 on a nev source o r  can be i r r a d i -  
a t ed  a t  a reduced cost. 3r. Aebersold said t h a t  the Comnission had never t o l d  
anyone o r  implied t h a t  ';here nould be my trcde-in value and t:mt it nould be 
necessary f o r  the maufac tu re r s  of t e l e the ra ,v  units t o  educzte t h e i r  customers 
regarding t'lis policy. 

Dr.  Aebexoid s t a t e d  t h a t  this ty?e of question had been anscered 

D r .  Brucer 

L l r .  XUar s t a t e d  t h e t  h i s  reason f o r  eq3loring t h i s  ?roblea vas t h a t ,  

The next item f o r  discussion nas the  size of .the source container. 
Rum again sa i ?  he thousht  the group should be t a lk ing  about miniam diaensions 
of the hole i n  the  sou-ce vheel  of the te le therapy unit. 
holder f o r  cesium need n o t  have z l a r g e r  d i a i e t e r ,  but t h a t  t he  lieiglit trould be 
greater. Tlierer"ore, i f  t he  source riheel i s  d e s i p e d  rrith a d.eep hole, t he  macEne 
could use both cobal t  and cesium sources. Dr. 3rucer  asked if the  group nas talk- 
ing about interci imging oldy cobal t  sources o r  if the zrocp r.-~s t a lk ing  about 
interchanging c e s i m  rdth cobalt  sowces.  D r e  Aebersold said t h a t  he  did  n o t  
bel ieve you nould ever rant t o  interchanze cobal t  f o r  ce s im.  
t h a t  YOU n o d d  have t o  2esigt-i a s r e c i a l  machine t o  do That a cesium m3.t r o u l d  
be capable of doing. 
be nanting t o  interchange cesium agd coi3d.t socrcss  'aecause the  c o l l i n a t i n g  

I.Ir. 

Tor example, t he  somce 

It vas his %lief 

Dr. Grucer sa id  t h a t  he did not f e e l  t h a t  rimy peo?le m i l d  



devices on a l l  machines ai-e zoing t o  be b u i l t  foi- c e r t a i n  penumbra s ize  2nd rill 
not be intercliangeable. 

Af te r  consLdexble discussioc,  the ~ro~1.p agreed that  the i n s i d e  di.meter 
of the hole i n  the source Theel r:ould be 2 inches by 1.75 inches :T',th a tolerance 
of -0 4- .015. 

Lir. Trout of G.2. asked if OWL ras soiiig t o  mzke the capsule. Iir, .7up:> 
s a i d  t h a t  OFSL a t  present redd only do tlie encapsulation; therefore ,  he felt it 
des i rcb le  t o  standaidize the cE!pcules, 
nhichever 7a.y f i t t e d  the  13Togi-an best. 

TIie Lzbora.torJ could, hovever, oFerate 

D r ,  AeSersold then opened h i s  discussion of cobzl t  procvrement policy by 
saying t h a t  the  IISI:GC pas n o t  i n  the teletheraLTj equi2nent business and d i d  not  
intend t o  ge t  i n t o  it. 
Canadian Folicy, end stc.te6- th.t he vas n o t  being c r i t i c a l .  

Enera- of Canada Liaited,  under .;heir jjolicy, can yoLuce both the r d i o 2 , c t i v e  

The US-AEC has a l r a p  f e l t  Lh2.t yirzi-x?*e;it 2, : ,ci l i t ies ai-e Poi- m . 5 n g  mdioactLve 
matei-ials, nhereas the h a i U . ~ g  end yxcess ing ,  insofcr  as :?ossible, s h o d d  be 
done by p r i v a i e  ir-dustry, 
ixocessing of radioact ive iodine,  phos$:oi~s,  a id  ;old Tor pharnaceutical p r p o s e s ,  

fie ?ointed ou t  tht t h i s  i s  soneT:hat differe; i t  f r o n  
1% ';:as iiis in tez t ion ,  

rz ther ,  t o  shoc the dS'L'e:yiice i n  policy bet;-:eeii tiie trro zcvernceats. 

source and the rechine, a:ic;l ';he;. c.m thL7.s selA 7 1  an ir,te;re';ed teletiiera;; mit ,  

r n '  ;;:e :-tor:ic 

70;. e::am;:le, _:iivzte inclus-inj i s  d o 5 5  the s;iecial 

For s e d e d  sources i n  the 1or:er energy i*=;e, the  VS-UC s e l l s  cobal t  i n  
var ious s i z e  :?ieces. n Ihe cwstor:er ecca:;sK!..stes -then o r  f i n d s  a ?riva.te cor,:,any 
rk ick  rill enca::xukte than Tor hin. 
f o r  h e a l t h  and safety i.easoas, Bhe VS-P iC  has felt tiiat it s t i l l  has t o  s tay  i n  
the encapsulztion busiiless3 
U S - U C  desiTes t o  see f r e e  conL3etitLon develog E J O I I ~  tlie nanL3acturei.s of t e l e -  
thera?y- units. His o m  feelin:  i s  i;;lat %e US-UC r o d d  l i k e  'io see as many 
manu3acturers ge t  b t o  the  t e l e t h e r a x  bl,-,si;?ess as i s  econonically LJossible 

Eo.:evs.r, a t  t h e  l.i.gher leve ls  of .c ' t ivlt : j ,  

D r ,  Aebersold. -$hen -:.-ect on t o  saint out t h c t  t h e  

Tie ' J S - U C  does not  d e s i r e  t o  have a co:Ltiiiuins p-iol-ity system f o r  the 
d i s t r i b u t i o n  of soiwces if it can be avoic?ed, 
su??ly, lionever, the ;~lul i s  t o  f i l l  ;,,urchase orders o r  l e t t e r s  of in ten t ion  on 

a l l o c a t i n g  socrces i n  blocks of r"ive, 
ind ica te  his i n t e n t  t o  px-chzse as many as Tive sources, a d  !:hen h i s  cvs-Lorners 
have placed p r c h a s e  orders o r  l e t t e r s  02 in tex t ion  lor f i v e  units, the manui'ac- 
t u r e r  rill then be a l l o c a t e d  another block of Tive sovrces, 
system should a l l o a  every mandacturer  t o  sell 2% 1ee.s-l fiTre units, and aould 
a l s o  prevent one nanufactnrer f rom buying out  the market. 

k c a u s e  of tke shOiqt current 

a f i r s t  come, f b s t  served basis, n r  i;ie Comi l ss ion fs  y.-io;.itj system i s  based on 
Zach nanufecti:cce:' rill be a l lored  t o  

This s inple  - x i o r i k j  

I%%* Aebersold s t a t e d  t i a t  tiie only concern the Comission has i n  any of the 
appl ica t ions  f o r  i so topes  is  the r x i i o l o g i c a l  sel'ety exercise6 by tiie apyi icant ,  
He pointed o u t  t i lat  u:, unt i l  a year  o r  tno ago, the Isoto13es j l ivision of the 
U S U C  hat! t o  look over t h e  dasign of each unit  and try t o  deternine the szfe ty  
of i t s  design, This job i s  noa be ins  dor-e by t h e  TTCFZ, SQbcomit tee  20. 9; znd 
after 2ubl icat ion of the ?TC?2 Ikhdbook, the Comission n i l 1  ask onbj t h a t  each 
manufacturer c e r t i f y  t h a t  his Iiachine nee% the s tan lards  recoixiended by the 
subcomzitiee 



publicat ion o f  heal th  and sc.;sty standards, 
i ng  of a maxir;.,um e i r ter ior  sur2cce cor,tanination of .05 nici-ocurie of a beta  o r  
gamra e n i t t e r  , 
ing  n i l 1  not  have t o  1;Ori-J aboL1-t such requirenents  because OIUL rill Le loading 
the  sources and T r i l l  rd:e tile necess r ;  tests f o r  contminF.tion, 
S G U r C B  
meiidation t h a t  a .test be m d e  t o  deternine any surface coctanination, 

At tke ; r e s e c t  time they are  think- 

D r ,  Aebersolcl st::Led thct the  orzanizat ions ?resent  a t  this nee t- 

iiovever, if tlie 
is ever  i.ep.oved from a tele'c1iera::y un i t ,  it nould be -tile US-AZC's recon- 

The Commission i s  f ollo-,Ang the  recamendat ions of th2 Subcom..lttee on 
This  tIman Applications i n  au thor iz ing  rad iona te i5a ls  f o r  t e l e tk i - apy  units. 

subcommittee has recomnended t h a t  the US-.UC not  d l o c a t e  a source t o  anyone 
d tho .d t  h i s  beLng a l icefised ?hys i c im i n  zood s-bGmdinz :d th  the  l o c a l  medical 
soc ie tq  and d t h  a t  l e a s t  three years  e:r-;e;-ience i n  rac'Lation therapy. 
ex:iei-ience r e q u i r e m n t s  c m  be i n t e r y e t e d  t o  ne= three years  e x y r i e n c e  v i t h  a 
250 ICV X-ray unit o r  i t s  eqvivalent,  but not  necesszr i ly  c i t l i  supe:-volta;e o r  hi$ 
energy red ia t ion .  
l i b e r a l  c r i t e r i a .  

Tl;e 

It i s  the  f ee l in ;  of tlie Cornisslon th t  ';hese a r e  rz.ther 

Ik, Aebersold r s a i n  stated t h r t  t h e  design of 2 - e  thera;sy un i t ,  the d e s i p  
of the socrce and the loadiqg  02 $lie te?-et>crapy unit i;ill be the  r.ianur"astvzers' 
res?onsib2l i ty .  
recoaiiendztions or" the  iIW have been :Let. 
y!is!ies t o  n&e and load h i s  o m  unit, then t h e  c r i t e r i o n  of th ree  jrezi-3 edrJer ience 
i s  n o t  s u f z i c i e n t  and the U S - A X  iriU m.nt t o  h o x r  much nore about h i s  eqciii-:ent, 
hor: it i s  designed, h o ~ :  he i s  g o b g  t o  load P t  and a number of oCiler s a l e  u s q e  
fac tors .  

The U W C  nil1 yely on t h e  z a n u f a c t u e r  t o  ce;-tir"y t h z t  a l l  
If a p iva- le  ;hysician, horever, 

Dr, Aebersold recop- izes  t h 2 t  ne i the r  t he  rflaiancttu*ers Zrou-2 nor tbs G C  
can be resYJonsible f o r  medical. e t i - ics ;  Lo:-ieve;., he _'eels tka-6 tlie <irs t  te le -  
therapy units sbovld be Jzced h the Iiands of $iysiciam of k i g h  s t a i ~ c ' b g  so  
t h a t  t he re  i s  a c e r t a i n t y  of 2002 >;-zc'Gice. it I I ~ S  h i s  'diinl:ing '&at if %he u n i t s  
got  i n t o  the hsnds of ?eo$.e who riu. balluThoo them o r  ~ 5 - 1  cse u e t : ? i c a l  2i-0- 
cedures t o  s e t  r i d e  neml2aper coveraze, such ;es-soils rill be Goin5 tile rhole  f i e l d  
of te le therapy  a dissei-vice. 

ET. Erucer zsl:ed iZ -there vas any dS_'erence i n  the  s v a i l e b i l i t y  of hecto- 
cu r i e  and k i locu r i e  sources. 
f a s t  a s  n u l u f a c t w e r s  c o d 6  se l l  3. w-i-b aid ;;et it iwkalleci ,  the US-LS r;oc2d 
be eble  t o  ,xoCicce the ccba l t ,  
f o r  a s m r c e  lor e i t h e r  the lor;. o r  hi$& curiaLe t e l e the ra -y  mit. 

ikc Aebe:-so1.d. s a id  that he ti?w.;;:it th2t jtrst as  

it i s  n o t  3eiie-zed tha t  anyhcdy ,511 be r a i t i n z  

tir, Trout xiate2 t o  IXOY if tile cu-stocer o r  ';;he c.2crifzct-mer n o d d  have t o  
f i l l  out US-AZC: Torn 313 f o r  the  procurement of .;he rac3oec-X1-e souxe .  
Aebersold r ep l i ed  t h s t  t he  xmLfactxe:  should Xrst Tile a Torn 313 f o r  fi77e 
sources f o r  any s2ecXi.c activitj; betaeen 1. 223- 2000 c r i e  sources aild ind ica t e  
t h a t  these  ar5 f o r  r e sa l e ;  Follorrin;; t h e  receiL1t of ? o m  31.3, T j S c G C  nil1 then 
&.e an a l l o c a t i o n  l o r  five socrces  on the  b a s i s  of -the nanur'ectwers' cei-tifica- 
t i o n  t h a t  t k e  speci2icat is i is  cf !:is xachine xee t  a l i  requirenents  of the I'?C?Z,, 
The a:3?licztion sko~2.d Live tke Conr;ission, i n  addi t ion,  some idea  of the  design 
and sc2ety feetx-es cf the  u-zit, the b t e : - s i t y  of r a d k t i o n  around the head, and 
o ther  2e r t ixen t  h ~ O X , ? B k i C i l i +  L'ier the d o c a t i o n  of f i v e  sources has been cad-e, 
t!ie nanufac'iurer T:.-i2.l. ,  u>on corplet ion 02 a s a l e s  a;,r;nei?t, recLuest >is  customer 
t o  subnit a 7orn 313, s t ~ . t i i > z  tk t  he i s  2 0 i . q  t o  lxxchase a teletl-.erap)- uit 
from tile nar,dF.c';urer an% ind icz t e  ;io-:: :.:my cx r i e s  m d  ::hat sl jecif ic  LctFvity i s  

D r .  
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des i red  f o r  the uiit. 
rill T i l e  a puxliase or&;- rrith the  O Z L  c a l l i n g  -a t ten t ion  t o  the US-AEC authoriza- 
t i o n  number, 
a l e t t e r  of i n t e n t  s t a t i x g  that he :-:!.shes t o  purchase the previously s ;>ecSied 
source a t  sone s t a i e d  t i n e  i n  the  fu-hre, Then 'die nanufacturer has sold f i v e  
un i t s ,  he T i l l  subni t  another 2orm 313 and yequest an a l l m a t i o n  of l i v e  accii-tion- 
a1 sources. 
cur ie  sources and m o t h e r  one Tor  f i v e  !cilocurie sources, D r .  hebersold ind ica ted  
t h a t  tno se,iarate f o r m  nould be honored. Kr. Trout as!:ed ciiether a cv.stomer r i t h  
a general  authoi*iz?,tion ~ r o u l d  need t o  f i i e  the  Form 313. 
t h a t  dien a cus-Lomer is i n  i3ossession of a Leenerd authorizat ion,  he siiould I 'o l lon 
the  i3rocedure a s  out l ined y-evioysly,  e;:ce;it he ~70idd s t a t e  t h a t  tiie source i s  t o  
be ptL-ci?ased under t h e i r  senera1 au-thokization. 1.5. J, R, I.Iason, of the !JS-AEC, 
s t a t e d  t h a t  there  Tas a l t e r n a t e  ;nocedure, chei-eby the r:anuf ac tu re r  c o d 2  p.rck.se 
the  source ou t r igh t  f o r  i n s t e l l a t i o n  i n  a telethei.aL37 unit and then r e s e l l  i5 t o  
the customers, Gr. Aebexold s t a t e d  th2.t he t:io.L1.$it it nas bes t  t o  have t h e  
custotaer buy d iyec t ly  from tiie OX?L-, 
be b i l l e d  d i r e c t l y  t o  the cust3nei- and i lot  t o  the manufacturer of t h e  eqci;xerit,  
iie a l s o  &)oinked out  t h a t  the nan...j-"ec-Lurer or" the equi:ment cardot be r-es:Jonsible 
f o r  t he  m t e r i a l  bein2 so ld  by the  OXc?Le For  e x a q l e ,  ani;. 0 5 i L  c m  c e r t X g  the 
number oZ cur i e s  t h a t  a r e  beiiic; s!li:>?ed. 

The cus-toxi-, zf t e r  receivin;.; his US-AEC authorizat ion,  

If the :xrchaser i s  not  re&j t o  m i t e  a :iurciiase order,  he ma;. send 

IIIr. L i l h r  asked if his com:_:my should f i l e  7orm 313 f o r  Tive hecto- 

k. !-ei:ersold s t c t e d  

Then the handling ,ad loadin2 charzes vod.d 

Ai; t h i s  .:ojl,,t D r ,  Aebersold reqaested ikon the i-eL:lresentatives of the  
X-rby indus t ry  an estipa-le 02 t h e  number or" hectocurie and Icilocul-ie u n i t s  t h z t  
vi11 be sold i n  the next fer: ::ezrs. 
i n  each type, it nil1 be necessary f3r the ITS-LEC t o  connit  ecouzli reac tor  
f a c i l i t i e s  :or the  ix-odiction of t t e s e  sccrces  and ? o r  :e:Jlzcenent sources v e q  
shortly. 
aZter  a s h o r t  recess  fo l lon in ;  tke  >;.;-esent c iscussion,  the representzti7:e of each 
conpany nould submit uns iped  e s t i n a t e s  of tiie I n t u e  rec;nirerie:its for each s i z e  
te le therapy  unit. 
because the  production s i t w t i o n  m s  n o t  too  c r i t i ca l  and i cd ica ted  th2.t t he  
US-AZC ho?es t o  make a t  i e a s t  30 k i locu r i e  soirrces zftL5.n the next year ,  Xe 
then ;.Tent on t o  point  ou t  t h a t  if a tLousand cu r i e  sGwces r a s  b e i n s  i r r a d i a t e d  
i n  a r eac to r  and the  custoiier ::as not  able to acce13t deiiver;., the souixe could 
remain i n  tlle reacSoi- 20;- a shor t  ;2eriod of t i ne .  The custoxer, hovever, c x l d  
receive a socrce of szch st;.eii$n that it -::ocld be Lepnd the n a x i r ~ u a  ca lxc i ty  
of the sh ie ld ing  hecd a d k  the  mit :rov.ld n ~ t  comply xi.Ll? the provisioiis of t h e  
N C 2 P  Subcornrfittee Go ,, ?. 3r. iie'sersold ;-ecor.ended t h a t  ecch te?-eC..erz;j- un i t  
have a s t a t enen t  on -the wit t o  in.dl.ccte the u ~ p x  l i x i t  oi t h e  number oi' cE- i e s  
t h a t  the nit can h o l d  aid s t i l l  neet  the  Subconxit-Lee' s -.ecoixei:da-bio:;s. 

If tliei- i s  t o  be a k.r,ge number of units 

Follor.5.n~ consii.er2Lle ?.iscussion on this ;,oint, it cas egreed -that, 

D r ,  Aebersoid sa id  t h a t  t he  es t i i i a te  need not  be binding 

Dr, Aebersold e lso ?oinked out t h a i  the US-GC has a overr iding c o d b e n t  
t o  na t iona l  s e c u i t y ,  Although tXs t-J::e of cobal t  6C caniiot >e usel. f o r  military 
pq)oses, if a na t iona l  emerzeacy sk.ot.;l,i o c c u ,  it i s  possible t h a t  <he US-AZC 
could not  gar=- tee  t o  !:eep tile ;noduction of coba l t  a t  a >igh l eve l ,  
a Te:: r eac to r s ,  hoFever, i n  ::hicii XiLs s o r t  o,? c d a l t  c i~n  I;e nade as a by-ixoduct, 
and might be 7roduced r i t h o u t  L n t e r f c r k s  :.-it11 miiitary p r i o r i t i e s .  

There a re  

For  tile bene f i t  of t he  X-ra;: con:xnies, Diq. Aekersold revie::ed the Cowis- 

n e x u r e  each cobal t  -mit a;aicst ;? c d i b r a t e d  ion iza t ion  ckaaher zrtd i:511 ce-tify 
( r l t h i n  l i m i t s )  the  c u r i q e  on eacii :::der. 
c i i l  have t o  de%ernine the  ecoi:onic l a c - j c r s  of acXit lonsl  curia;e vers 'x  seli" 

s ion ' s  policy on s e l l i n 5  radioac%iT;e sowces ,  
- _  L7oin-ted out Cist OJUL n i l l  

The :.:aLSzcJxrer =id the y z c h s e y  
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absor?tion, 

t ha t  t h i s  business or" out?ut versus ccriage inay heve 'seen nismcle~%tood. 
s e t  an output you rrant t o  get  from xtfers rdth a given s9eciL"ic a c t i v i t y  a d  a 
given d iace te r ,  you nay have t o  'miid up qui te  a b i t  idore t o  ;e-L the desii-ed out- 
?u t ,  
rj0Ll.d n o t  eqclal 15GO c a r i e s  uhen stacked i n  t h e i r  source container. 

Nr. S t i c h e y  of the  Picker X-ra;. Con?any s t a t ed  t h a t  he tllought his 

If you 
conpany :-auld have t o  guarantee an s;l.t;iut t o  the cXstoL1ei.-. .. ;ir. - x 5 . n S t o n  st,-..ted 

T o r  ezm?le ,  1 5  nz 'e rs  75th a s>eci?ic  ccxivit;. of 100 cui-ies >e r  xafer  

Dr. Aebersold again mentioned the delayed renovai ol' cobal t  sources from a 
For e x a q l e ,  if a requested 95 curie n G e r  is up t o  t ha t  level i n  Janx- reactor .  

ary,  and the c w t o c e r  i s  n o t  ready t o  receive siiipuent, the ITS-AX cox ld  leas-e the 
r d e r  i n  the rezc.tor, and the s:3ecS:c a c t i v i t y  v o u l d  20 hi&er ti= 75 curies  2er 
\Taler, 
a t ions ,  

€Io::.ever, tliis holding 2rocedixe i s  l i x i t e d  by i-eactor s d e  t y  consiier-  

Dr. Aebersold then yeviered the Coimission's p i c e  :?olicy f o~ cobal t  
scmces.  Ee s t a t ed  Yh2t once the spec i f ic  a c t i v i t y  ;er 22am exceeds 10 cur ies  
Fer gram, the pr ice  vL11 20 up. 
the i'irst trro cu r i e s  2nd then $5 ;ley each a d c i t i m z l  cur ie  f o r  s2ecir"ic e c t i v i t i e s  
ranging up t o  1 0  cur ies  i3er pan. 

I-le quoted the US-AZC price of $5C ;>er c w i e  for 

I7Gei-S h v t n g  2 s;ecific a c t i v i t y  of Tron 1 0  
t o  50 cu-Ties ser p a n  r;ovld s e l l  a t  :,)7,5G ;?eli cur ieo  n ihis p i c e  might azain 
increase t o  $10 Fer cur ie  o r  hizher a t  lC0 curies  yer :ram, 1- Lie t:-ien en.-h.sized 
t h a t  these , ir ices a re  j u t  f o r  the r:.CiorctLve cobal t  a d .  GO not  inclucie t i e  c o s t  
of e n c a p u l s t i o n .  

A question from the f l o o r  requested a quots.tion of a cos t  e s t h e t e  of 
pu t t ing  10 na le r s  i n  a source 1io2.de.. s i n i l z r  t o  die  03E'S c'esign. 
promised en e s t i n a t e s  price a--te:- the recess. 

i n t o  the shielding 1iec.d of the tele.L;?ei'a?y wit. 
incurred i n  t ry ing  t o  geG the  teletkera-:;. h e a d  into tilie h o t  c e l l s  02 GXTL :or 
remote manipulaCion. 

i k .  h p p  

container  o r  
:Ie x w t e d  to ~ O I :  aiie t he r  CPJL 

nould be reqcested t o  load t l x  eiicaLJsnlrted. somce Filto a sh-;~ifi; . *  
Sone Li'i'iculties mizht be 

Sone discussion of the s i zes  of cobalt  so-aces  i'ollo-ed, Very g e i i e d 1 j  
cobal t  60 sources or' about 
lOC0 cur ies  Zi-Je 1 5  i*/'Xin a!; a meter; m-d 1500 c u i e s  Zi-Je an effectisre 2C t o  22 
r/nia a t  a meter, 
13 45G cur ies  p e r  cabic cen t i ce t e r  ax5 ';he bes?, y o a  cz1c do -:.tth c e s i m  is 100 
cur ies  :>er cQbic cei i t iaeter .  
should not  be cocl:3ai-eci. 
so nany rts per minute, 

m ine c.?-;:ei-ences * - e -  i n  
e n e r g  and s;?eciXc a c t i t i t y  ;;lake a n  en t i i -eb j  difler.ent ;._-cb?ex oi" i e s i g  :or 
c e s i m ,  
l i f e  longei-. 

300 cur ies  zive m e Z e c t i v e  4 t o  5 r / m h  a t  a iiieter; 

It nar, tken :)ointed o c t  t i i r t  50 cLiries ;?e:- > ~ m  is ap.?ro:5LicJie- 

'I'hei-eZore, B c 'xfe  of c e s i m  a d  a c x i e  02 cobalt  
Tkis i s  
Tor e r g p l e ,  IGO cczies  o_' cesium 137 ae r  cufuic cent i -  

Sources nilL be bigger, the shieldiizg reculrecents  Less, z.nd t he  hzU-  
firtl;eT, the econonics of c e s i m  is nc t  riov k n o m .  

rsz.son -&>- it i s  xL, sa'e t o  tall; 0," s e l l i n g  

meter i s  a?pro:AztelJ-  e q u i v d e n t  t o  25 cxries  or" coLait .  

http://1io2.de


o r  the pr ice  of the cob8l.t sources. 

Dr. Zrucer then requested a sunmaq of the X-ra;r 1nd.ustries'  estii.lrte of 
t he  nunber of Leletheraiy units t h a t  could be s o l d  in the ;iec"uocLmie and i n  -the 
!:jJ.ocWie ranges, 
1953 through 1960 var ied  f r o n  35 t o  275, 
var ied  3rom 35 t o  315 units. 

In the  hectocurie ranges the t o t a l  es t imate  f o r  the periods 
The est imate  f o r  the  k i locu r i e  units 

I n  a discussion of the  design characteris'tLcs 03 the  hectocurie telethera.py 
u n i t  non on d isp lay  a t  ORIITS, it vas Fointed out t h a t  t h e  s t a i n l e s s  s t e e l  sowce  
holder nould have t o  be f ab r i cz t ed  of hevinet i f  600 cur i e  sou-ces a r e  t o  be 
placed i n  the  unit. Err Grrington F a t e d  t o  !ao!:. if it r:ould be possible t o  ge t  
a t h i n  enough f a c e  by using !ietimet, 
Carboloy Company had previously s t a t e d  t h a t  the f a c e  or" a heviinet source holder 
could be milled t o  a lqroxina te ly  2C mils. I:!r. Err incton r ep l i ed  t h a t  7,Tith 
st.&-dess s t e e l  you are l o s i n g  from 3 t o  5 per cent  of the e f f e c t i v e  bean. 
pointed out  t n a t  t o  g e t  equivalent eli"icier,cy from hevir;et, the  face  of the soui'ce 
contab-ers  n o u l d  have t o  be a iqroxinz te ly  4 mils. 
StW-dai-d source ho2.de.r of 2 inches outs ide diame5er by 1 3/4 inches high.  
a ca:)sule, v i t h  s o w  modification, nould be able t o  take the rna3ci.inum size of tile 
Canadian so'nces. General agreener,t ms  reached on these dinensions; ho;-iever, 
Lir. S-LicYAey s t a t e d  t h a t  he t:as zoing t o  need a device f o r  holding the c e ? s d e  
L.?si.de the soiCCce rhee l ,  Other sugsested modif i c z t i o n s  included threading the 
outs ide ?eripherJ o f  the  capsule so t h a t  it could %e scre3ed into the  source 
nheel. 
t h i s  ? r inc ip l e ,  

Be mas informed that a re?resentat ive of t he  

7.1 lie 

The group t'nen ?ro?osed a 
Suc!l 

i2Lra Stickney ofi'ered Tor consideration h i s  conpan:.' s design ~ h i c l ?  f o l l o m  
Sevei-al r.ier;lbers of the  group a c e e d  rj i th t h i s  SesLgn, i k .  FLUX) 

ca l led  a t t e n t i o n  t o  t h e  f a c t  3ha.t 
source r-rheel a d  ?ossibly f o r  -:he 
be given t o  the  f a c t  t h a t  :ievi.net 
ed c a p d . e  i s  s t a r t e d  inco r rec t ly  
destroyed, 

The use or" a snap r i n g  vas 
i.lr* Sticknejr s c i d  h i s  corzpny has 

- . Y  

most n z n d a c t u r e r s  a re  using hevinet for the 
source cor5aaiiler. Ser ious consideration xus t  
threads n i l 1  be verJ b r i t t l e ,  and once a thread- 
e i t h e r  the s o u x e  chee l  o r  t he  capsule vould be 

suggested f o r  pos i t ion ing  the source ca:ysule. 
had v e r j  bad luck c i t h  snai2 r ings ,  even ?here 

people could see the  ~;~Oi*!c tile7 vere doingc .hothei* suggestioc v isua l ized  the use 
of a Iiev5.net c j l h c ' e r  t h a t  rould s l i d e  ins ide  a s t e e l  co;ltainer. 
pointed out t h a t  he < i d  not  f e e l  it r rould >e >oss ib le  t o  $.ecide an en@Ieer!-ng o r  
physics ?roblem i n  a neet ing 02 tLis t'y7e. 
and requested G r .  LF-icer t o  ;repare a d e s i p  o r  a l t e r n a t e  designs t o  he >resented 
f o r  study a t  a iiovemher iieeting. 

Lir. Zrrinzton 

The group zgi-eed n i t h  IIr. ZrTinGton 

ilr .  &son asked if -;;he X-ray ir.2ustry could ;?reler t o  have ORNL s e l l  
packaged sources o r  r;hethen they could i3refer t o  have t h e i r  o w  sacfiine silo? make 
tae source conts iner  cnd send it t o  the LaborctorJ f o r  iozding. 
of the representa t ives  azreed t h a t  t>iey could p e f e r  t o  bcy a pzckaged uiiit r'ron 
O X L .  
s t a i d z r d  sorwce container  and nould ' r y  t o  obtain the  concurence  of OEIL aild, 5 f  
t ine  pern i t ted ,  he rould send the  p r i n t s  t o  -;he Qaadim,s f o r  t h e i r  coment ,  The 
group decided t o  seet  on IToveilber 6, 1353 t o  d i scuss  OP>J the  2roblen or" a stuld- 
ard s o k c e  cepstlle, 

The mjoritjr 

Z i th  t h i s  s t a t eosn t  D r ,  3rucer  agreed t h a t  he novld ?i-e?are- a suzzested 

http://L.?si.de
http://ievi.net
http://Iiev5.net


a r e  open t o  anybody in t e re s t ed ,  
nen3ers of tiie X-ray iii6r:sizy t h a t  advert ised in the American Journal  of Eoentgen- 
ologjr, Zadiology, rad Zuclecnics. 

Inv i t a t ions  t o  this neet in2 were sent  t o  a l l  

D r .  Brucer iiiforried the  grouy, that the  organizat ional  meeting f o r  t he  TEE 
d id  not  a:2:rove Lhe idea of i n d u s t r i a l  pa r t i c ipa t ion  i n  the  Eoard' s proceedings, 
Iiocever, this does not  ;xevent t h e  Toard o r  the I n s t i t u t e  fzom engaging the  
regresenta t ives  f ron  the  i r -dus t r ia l  X-ray indus-Lry on a c o n s u l t m t  basis ,  nor  does 
i t  p roh ib i t  the o r p n i z z t i o n  of an indus t i - ia l  group. 
coments  on hon b e t t e r  pa r t i c ipa t ion  n igh t  be d fec t ed , and  asked the  group if they 
nanted t o  continue t h i s  s o r t  of meeting o r  if they ranted t o  depend on i n d u s t r i a l  
re ;xesenta t ives  v i s i t i n g  ORliIS, 
these meetir-gs held nore oZten t1.m once eveiy fou r  years. 
&stinghouse Z l e c t r i c  Corp, and ik. I.:iLlaT, of ICeleket, s a i d  they uei-e i n  fzvor  
of adLi t iona l  meetings. 
should be held ever",. six months until ilie rz3i.d iievelo9nents i n  te le therapy  d i e  
dorm o r  u n t i l  it i s  decided t o  discontinue the  meetings by general  agreenent a l o n g  
t he  rerire senta t ive  s, 

Dr. Brucer tlien requested 

l,ir, Stickaey s t a t ed  t h a t  he rrould l i k e  t o  see 
Iir, Davis,of tile 

It vas agreed by tiie e n t i r e  group 'chat these meetings 

Z r ,  I.Yllar s t c t e d  t h a t  he did not  Tee: t h a t  a neet ing six months f r o n  the 
time of t h i s  meetin2 vould sei-ve the  needs of some Embers of i he  X-i-Ey industry.  
He poin"ted out  t1ia.t t he re  should be another meeting i n  t h e  very neer future, 
r e s t r i c t e d  t o  the  s tzndardizat ion sf -Ihe source c a p d e  alone, Era Trout s a i d  he 
thought t he  objec t ives  of these neetiiizs cou!-cl 'se considerably c l a r i f i e d  if t h i s  
group n o ~ d d  s t z t e  That i s  t o  >e doiie ~ i t h  e set of ; h n s  a l t e r  a machine i s  
designed and ofTered f o r  s a l e  t o  t h e  Ciedical y o f e s s i o n .  He thocght such a 
statement nould ind ica t e  the t i end  or" events  a i ~ d  could influence the ? a r t i c i ? a t i o n  
of the X-ray industry,  
ed n i t h i n  any O R U S  program it nus+ becone publ ic  gr0::ierty. 
need f o r  a clac.rer-.sta-tenent of OFUiTS pol icy,  Fo r  e x a q l e ,  i n  t e lk ing  about a 
complete s e t  or" zanufac tu ing  plans it de;ends sonerbat on the  circumstances under 
nhich a unit is develoi2ede 
by some manufactvrer with t h e i r  o m  funds, it is 2 l i t t l e  d i f f e r e n t  f r o m  d e v e l o p  
Dent ca r r i ed  on by the  malrur"zcturer tliidei- cont rac t  r i t h  ti-% US-!3C. 
nanted t o  kaon if any con;mny vas o f fe r ing  f o r  sale the u n i t  t h a t  has been 
demonstrated a t  O?Z!Se 
Heleket Corilpany has : ~ l a ~ s  f o r  a s a l e s  1:roZran based on this or s h i l a r  mits, 
D r ,  Bruce? then e:::Jlained hov the hectoci-rie naciline x i s  desi,gned and developed, 
F i r s t ,  he ca l l ed  a t t e n t i o n  t o  tiie f c c t  that ei$t  com?anies of the X-ray i n d m t r j  
had been requested t o  b id  on the larze r o t a t i o n d  te le therapy  naciiLie, 
s e l ec t ed  m s  t h e  Bam-es Company, He i3oi;lted out tha: this se l ec t ion  cas nade 
f olloning star-daTd governxent procurenent -jrocedures as required '03- the CRIiTS 
contract .  
Compny, Dr. 3rucer a d  r e p e s e n t z t i v e s  02 the  Company explored the  idea  of a 
hectocurie t o l e t h e r a w  unit, 
ava i l ab le  t o  everjboclj-, but  hasnuch  as OEI3S m s  v o r k i q  d t h  the Barnes Coicgmy, 
they did get into t h e  L3icture eerlj-. 
display at OREIS ras cara?letely fiiianced by the Barnes Com?ay. 
s t a t e d  t i u t  TLen tiie Barnes Coriqeny save OiXXS 2. set  of : i r e l i ~ a r j  plans for t h e  
hec tocr r ie  un i t ,  they laen tkt this i n f o r m t i o n  i m e d i a t e l y  becaae ? ib l ic  proper- 
ty* 
X-ray Con,;any diose representa t ive  i:ad - e s i t e d  the G?ZiS I.ledicz1 Division, 
r;as pointed out  t h a t  if rep-esenta t ives  f ron  other  coq ia i i e s  had cone dom, t h e i r  
r e i x e s e r t a t i v e  rrould hzve been shorn ' ch i s  saye s e t  a? Tr in t s  qat: zi-ren 'he sa~le 

Dr, Brucer :iointed out t h s t  as soon es  my idea i s  develop- 
?.%., Xillcr l e l t  t he  

If the  device is developed a id  dsarrings a re  p e p a r e d  

Ere Trout 

D r ,  Crucer s a id  t h a t  rum0i-s a re  t o  the  ezfec t  -(;hat t h e  

The bLdder 

During tiie develoiment of t h e  r o t a t i o n a l  t e l e t h e r a y j  wit by the  Sarnes 

The da ta  relati-qe t o  tiiis s z ~ d l  naclxime has Seen 

It vas pointed out t h z t  the  nzchine on 
i k m  Zrucer then 

The Zarnes Con~any rras a ra re  $ k - t  these  $L:.i1s had been shcm t o  the PTdcer 
It 
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iiu" oma t i o n  , ORINS , 
eve r j th ing  they have 
conformance n i t h  the 

through t h i s  meeting, i s  makin2 an a l l -out  e f c o r t  t o  shoc. 
regardins  this and any r u t m e  units, 
GRIiCS be l le2  t h a t  everything i s  public pro?erty and that 

This ac t ion  i s  i n  

there  i s  no 
thou&t it vas generally ~ d e ; . s t o o d  t h a t  this f a c t o r  i s  inherent  i n  a l l  government 
cont rac ts ,  

other  nag the  I n s t i t u t e  can YO&, fir, Stic'kney s t a t e d  t h a t  he 

D r ,  Brucer again asked Tor  sugzestions on continuing tile meeting, Ik, 
EIillar s a i d  t h a t  lie thought t he  te le thexi?y program had developed fas t  enough t h a t  
another general  m e e t h g  i n  six months i s  desirz.ble, iie ca l l ed  a t t e n t i o n  t o  the  
problem of s tandardizat ion of d e s i g  of te le therapy  machines and susgested t h a t  
a t  t he  next  geiieral meeting everybody of the  X-rziy industry should be i.nv',ted as 
ne l l  as reLxesentatives from h s t i t u t i o n s  nho have developed tfieir  G T ~  designs, 

Dr, hIcLaug!iI.in, of t he  Ker7 York OpeTations o f f i ce  of the  US-AZC, asked 
about t h e  d e s i 3  and rmiufEcture of units f o r  biol-ogical s tud ie s  i n  the  Lon 
clu-iage ;.ange. 
and t h a t  some ;Ieople a r e  thinking of ve ry  l x g e  sources up t o  ten  and brelve 
thousand curies.  
mat ter  of discussion f o r  t he  k d u s t r l a l  ;roup. 

D r ,  3 rucer  ;?oiated out  t h a t  some r o r k  i s  bein; done i n  t h i s  f i e ld , ,  

D r ,  Erucer s t a t e d  t h a t  -this prograq could e a s i l y  become a 

It vas decicied by the  groap t h a t  t he re  rill be a neetifig of a l l  i n t e r e s t e d  
i n d u s t r i a l  i -e~resel i ta t i - res  on Xoven'cer 6, 1953, a t  9:CO acme a t  OEIiTS, O a k  Eidge, 
t o  consider  t he  s t a d a r d i z a t i o n  of soci-ce elr,ca:>sulation. Cui-ing Februcry, i3r, 
Erucer n i l 1  >repi-e and clistri'mte a t e n t a t i v e  azenda f o r  a slming neetin: t o  
be held ir, Apri l  i n  O d c  ?id;e, 
f o r  s i e c i f i c  items t o  be included on the pi.oz;.am. 

Pa r t i c ipan t s  Ere requested t o  o fyer  suggestioos 

ni ilie group adj owned. 



WISED SUGGZSTIONS FOR A iJULTICUEIE COEALT 60 CAPSULE FOR K E T O - K I L O C U K E  SOU3CZS. 

Fol loving Sug;gestions by Idemkers of X-Pkiy Industry of Octoker 4 th  ConTerence a t  O a k  
Ridge. 
'idge . 

- 

Trepai-ed f o r  .Discussion a t  the iToverLoer 6th Conference t a  Le held ct Oak 

The cobcl t  60 cai-sule i s  made of f o u  bas ic  ;Jieces numbered 1, 2 ,  3 (ai12 5, 6, 7, o r  
S )  as siionn on the accompanying i l lustra-Lion,  

1, The  plate Contain=, 

The f a c e  p l a t e  container! i s  a piece of n e t a l  designed t o  hold ti?e o ther  
pieces. 
of n e t a l  used as an i n s e r t  of s t e e l  brazed i n t o  place i n t o  :<evinet, o r  a piece 
p o n d  dom from a s o l i d  niece of Eevimet, o r  r:hichever n e t a l  is  decided u?on. The 
f r o n t  end has  a beveled opening l a r s e  enough t o  a l l o n  tlie ?ass;?Ze of the  g2mna rays 
from the  l a r g e s t  i3ossible cobal t  60 s o a x e ,  and th ree  lug  openiiigs (C) i n  the  f r o n t  
of t he  faca  f o r  maniyxlating the  source v i t h  rcmots handling t o o l s *  

a seconckrj  bear ing surface (4)  c2.n be in se r t ed  i n  those machines so  d e s i s e d .  The 
use of the bear-i:rg surface dces not  d f e c t  the use of the c a p u l e  f o r  other  machine 
designs, 

It has a f ace  p l a t e  (A) nhich i s  a 20 n i l  (or  a s  t h in  a s  17ossible) piece 

The edges (D) 
carl be rounde6 f o r  those ca-;sules LX&& T'v a re  t o  be used as f r e e  f l o a t i n g  bearings, o r  

There i s  a 3 x 3 cm cy l inde r i ca l  oFoninZ i n  the conteiner t o  accep& 

At (2) ';heye i s  a de?ression z i U e d  i n t o  the fece  
-aL, Canadian i x l l e t  type sources, am re-zesenks tlze l u z e s t  i3ossible source 

caa be used i n  t h e  c a p u l e ,  
p l a t e  contziner  t o  ZUOZ f o r  a pzessed lit ca~3. 
p - h a i y  s e d .  If the e n t i r e  -?ace +e'ce co1~'~ciiler i s  macle 02 s t e e l ,  it decrezses 
*he r ad ia t ion  by 36 per c e r t  t h - o q $  the  l&'32 iilch naX. 

same nay -tha.t a half valEe l aye r  is sa id  t o  give a 50 ?er ceiit i-eduction,) 

Tkis re?rese:-ts the l i r s t  o r  

If zack of Kevine-L, 
i e r e  i s  a 63 p r  cent reduction, @Lese 2ez. cent ;-criu.ctions are defined i n  t h e  

There is a ror;nC.ed groove a t  (7) t o  allorr the  acceptance of a i /S  inch l e a d  
nire f a r  s e a l i n z  and a beveled f l a t  a t  ( G )  t o  cu t  in'io a lead  s e a l  ;)laced i n  the  
cover (2) at F o s i t i o n  (G) ,  
a f a c e  p l e t e  ( A ) ,  
f r o n  20 mils of Zeviclet i s  & n o s t  ,!+ ::er c a i t .  
m-. a bi-netal  design o::ens u? the S ~ Y ~ G U S  :-Jrobability of Zailure ,  

h e  of t1:e quest;.ions i n  this 6esi;;n is  the s t rengt l i  of 

The s e a l  of s t e e l  t o  Hevi2et i n  khe 
The raGiation loss from 20 mils of s t e e l  is aboat 2 :>er cent  a d  

- 8  

2. T3e Covw, * 
The cover is a ;>iece 02 s t e e l  o r  i1evi.net ~-.:lic~~jl 'se screr: sealed a t  e i t h e r ,  

o r  both, or' -Is0 ?,laces ( G )  md 
tlie zachine cones up. 
threads a r e  necessary on the outs ide surface a t  (.€I)* The Piclcer idea  is t o  have 
sczec threads i n  $his  p s i t i o n ,  
idea  of a f r e e  f l o a t i n g  'oeariiiz is t h a t  it r!ould cut  i n t o  the s u f a c e  
dirt and i n p d e  the ro t a t ion  of a Theel device. The a r p E e n t  a=ainsd  tlie X c k e r  
idea  of a sc rea  thread a t  (11) is -that my remote nanipulatiozl h t o  a s c r w  is 
diff icul t ,  zi?d 3 made of a b r i t t l e  IIevinet t he  threads can be broken and could 
destroy the  ase 
i n s e r t  a t  (J) could 'x ;d.ufged f o r  those ~ h o  d i 6  cot use the  scyeu thread 
idea. Elis, liocever, destroys the  ;>rixary objcct ive of making a uni forn  stulkrdized 
s o u c e  ca?suie f c r  everybody, s ince  it T.-o:IL~ d e n a d  tlie i X f i c a l t  i n se r t ion  o r  

In  t h i s  :3iece the  key ;?ro'olen of fastenin: t o  
If the  ~~liJS-Bai.nas-Relelitt idea i s  f o l l o r e d ,  no scren 

The zrgvnent a p i a s t  the O3iKSdzmes-Keleket 
:)ick up 

1 

f the  e n t i r e  sourcee h a l t e r n a t e  suzzestion 1z.s been t o  ?ut an @ 
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3. 

This  is a pressed s e a l  cap s imi la r  t o  t h a t  shorn i n  tlie o r i g i n a l  O;-'.INS model. r, It can be th i ck  enough t o  m e t  the problems of s t rength,  
it c a r r i e s  no neigiit; siiice it can be t h i n  ( s t e e l  a t  20 cils t h i c h e s s )  there  i s  only 
a very minor loss i n  shieldin:, but, a s  i3ointed out by the Canadizns, a 2 per cent  
l o s s  of $20,G00 i s  s t i l l  money* 

A s  a Primary s e a l  on ly ,  

4. Adp.ntei- f o r  Zxrin.: S-&ace, 

T h i s  7 iece could be used r i t h o u t  destraying the  universz l  zda;>takil i ty or' tile 
capsule t o  o the r  machine d e s i g x ,  
f l o a t i n g  bear ing  c a p u l e s .  

5, t o  3, Ada:7te;.s. 

It rill ? a r t i a l l y  overcone %he c r i t i c i sm of f r e e  

These adapts rs  should be nade of Levinet or sore keav;r sk i e ld in3  mater ia l  t o  
f i t  any source v i t h i n  the  maxinun s i z e  dioveci.  
i s  Tor use r i t h  the Canadian :;ellet sources, 
h e r i c a n  na fe r  (6) rill a l l o v  a t o t a l  of 7/8 kAches on the bottom, redtrci::E; the 
e,qosure rate by 35 2er cent i n  Zcvinet o r  59 ;er cent i n  s t ee l3  2nd 5/'8 ir,c:ies on 
the s ides  1 5 t h  a 75 per cent  re6uction iri e;;.?osu-e r a t e  i n  ,,eviriet Oi' 47 J e r  cen t  

'i'ha I!o. 7 acla;;,ter i s  f o r  the 1 cm r r S a r  o r  :Toc 8 ada2'ter f o r  tha OEIiIS 
cloverleu" pattern. 
diarieter by 3 cm high openin& in the face i2lz.-Le cmkiinei.. 

T:ie c a y s d e  oitlioxt any ada2ter  ( 5 )  
?he adapter rit!i tlie 2 cm diarr-eter 

'/ 
/ --  

.z s t e e l ,  
Any o ther  yz.';tei-n covld. be d o - t t e d  r i t k i n  the mxinum 3 cm 

I n  loading t h i s  source capsule, the Canzdians could p o u  in L-iellets as tiley 
9F3iL c o ~ i l d  load the adapter a s  nc:7 done f o r  non do rith t h e i r  0 1 n  source caps-alea 

the cimreat  c l o v e r l e d  type cassule,  drop the  l a c e  ;:lzte coniai;ier over it and press  
it on t o  the  primary sea l  cap, then ir ,vert  and screir on the cover. 

If such a d e s i p  r e r e  adopted, O Z L  and UC-Cm-ada c o l i d  
a s  cal ibrr tec!  capKt..es usin: a s t a d a r d i z e d  r:!eas:xcei:t 
c a l i b r z t e 6  t o  fit, eech machine desiga. Such a s o u c e  s o r t a i r e r  coG6  be nvx'oersd 
accordin2 t o  a stai&l*d sys';.em a d  i t s  c h s r 2 c t e r i s t i c s  ~ e c o r i e d  as ;-exxxenGed by 
MCW, Subcoxi i t tee  I!o, 9, 
as groposed by i?izker, i m o l v e s  the loss of O ~ J  aboct  2 per  cent  i.h s?&iLdicg, 
The use or" l u g  oFeninzs a t  (Ii) czn proSaSly be cozsiCered a :;.Fr.hole type led!; as 
del 'hed in the  SubcoimitCee I!o. 9 rgL3ort. The use of f l a t s  in the 2 h c e  or" 17% 
openings causes an ai32recizble loss of sh i e ld ing  up t o  25 ;;er cent over a riide area.  
The use or" a snap r ing  f o r  a f a s t e n e r  2or this c=a?sule, t o  be pt in place h -?lie 
open beam as shorn a t  ( R ) ,  i s  lirohbl;. s2fe  up t o  a 3CO cur ie  sourcep bu t  i s  not  
recornended beirond this c7z izze .  

covld be 

The use of a scren  thread a% 'die bp.se cZ t:ie c w e r  (HI, 

ThereTore, i t  i s  pro'oabl;t no t  a zood idea,  
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t o  d i scuss  
na chine, 

design of the  sovrce ca;xmle as i t  d f e c t s  t h e i r  om p z r t i c d a r  

k t  l e a s t  the l ' o l i o ~ : i x ~  considerations should :Je reaembered in nzking su2:;est- 
-oris f o r  cimnges: 

There s h o d 2  be a universa i  ada? tab i l i t y  to  any mechine o r  s l iut ter  d e s i p  
:-ritiiout Lie necess i ty  foi. modil;~ing the sowce  coiltaioer i t se l" ,  
reason, the addi t ion  of > a r t  (J) i s  unreasonable. 

Any nainteiiance on the  source c a p u l e  z u s t  be done rlien it is tlcoldlf. 
i s  extrer:ely e:;?ely-sive, i n  both t h e  m-cl noney, t o  s h i p  sources back and 
f o r t h  t o  s p e c i z l  l abora tor ies ,  
can lengthen the  useful  l i f e  of a ziven !LLoccrie source t o  f i v e  o r  six 
poss ib le  hsU-l ives  Vrithoct f u r t h e r  modFZication, 

Fo r  t 3 i . s  

It 

T!e are t q - i n z  t o  desiLn a capsule 

Inso fa r  2.s possi j j le ,  t he  container shovld add t o  and no t  d e t r a c t  from t h e  
s i i i e l cng .  This;is p r t i c d z r l ; .  important i n  srmll ncchine des iq-s , rh ich  
might iar,t t o  m e  tile 1 ;:er cent laclraze ;;revision of t he  N C I P  %andbook 
o r  nilere the=.e i s  the ;iroblea of slicl,lng shut ters .  

The next  sSe? i n  s txdard izz .< ion  rill be -the service >roblem of f i e l d  
loading somces,  The source ca;)sule nust be edzpta'2.e t o  an easy and 
s a m e  loadins  i>rocedu_re. 
loaded i n t o  a s t a d a r d  f i e l d  l o a f i n s  dovice, 

It -:;auld be h!.$Qj advzntageous t o  !lave it 

7e heve agreed t o  consider cobalt 6C s o u c e s  a s  a spec ia l  pi-oblzn and 
s tandsrdice n i t h  only t h i s  SOUTCS i n  nind, 
consider the ada2taLi l i ty  or' . this c m t e i n e r  t o  o5her s3xrceso 

Ikver the less ,  ne shouid 

ne should consider c a r e f u l l j  the  rJrobiem of z ia ter iz ls ;  s t e e l ,  lead, 
Hevimet, tantalum, manium, and :2erliay o ther  riietds are ava i lab le  f o r  
use 

It should be remembered t h a t  t he  sh ie ld ing  reductions are on a sen i log  
progor t icna l  'Lype c - m e .  
b u t  very d i f f e r e n t  t o  sh i e ld  the l as t  fev! per cent oî  rac!,intion, 
thickness  of source ca;3sulc re  ai-e cliscussin; i s  close t o  a t en th  value 
layer .  Shavings a t  t h i s  re;>resent mi7 L>ounds of shielding rnaterial  
on the  outer  surface or' the  machine. 

It i s  easy t o  sh ie ld  the f i rs t  f e v  ;?er cent  
The 

Te are sending t k i s  iet 'cer t o  a l l  re;;resentatives 2res5ilt a t  the October 
meetin2 and i n  addi t ion  a2-e ES!TLI~ the Tol?-or,ing i-eJi*esGn;ati-;es ta be ?resent  at 

x& t o  a-Ltentl 'he neet inge T5e follorring adLit ional  
the liovembsr 6 aeeting. 
r:e request  khat yow im-ite 
ijersons aze s p e c i l ' k a l l y  inv i ted :  

+;.e i s  a;- o';:;er gel-son nko h2.s a L e - ; i t b s t e  i n t e r e s t  

I, A representa t ive  of the Tashingtor, Ofyice ol' U C ,  :7ho c m  Give autliori- 
I x t i ~ e  ac3ice, cost ,  and f c j r i a ' i i o u  data on the p o b e b i l i t y  oZ using 
urarrim f o r  t h i s  ::articular ;3iece 02 all fu-bi-e cobal t  machines. 

2. h re , resentat ive f r o n  ALC-Ca,aZa and OPJZ nho ai- i n  a :2osition t o  a ? p r m  



4 
o r  d i s a p r o v e  die design f r o m  the s tmdpoin t  of loading, s a l e s ,  cos ts ,  
e tc .  i n  t h e i r  organizations,  

3 .  :?e?resentstives from -:be Isoto&)es Division of the US 2nd Cznn?..a rho  are 
responsible f o r  a l l o c a t i o n  and d i s t r i b u t i o n  of sources. 

4. Re;iresentatives from the  Caiboloy Corqizny t o  a6vise us  on the machining, 
c o s t  and use of Seviaet ,  

5, Representatives from &&e Ban S t e e l  idetall-urgical Cor?., North Chicago, 
I l l i n o i s .  

6. E e p e s e n t z t i v e s  f ron tiie k t i o n a l  L e d  Com;xuiy, Cincinnati, Ohio, and 
0. G. Kelly Corn?any, Jo@son City, Tennessee, vlio can s ive us advice 
on o ther  a a t e r i d s  v M m i $ t  be used. 

I could a p y e c i a t e  knovirq the names of a ~ y  other  companies r h o  
make a heet-;r shielding metal so t h a t  they c ~ l l  be Liivited o r  you nay 
exbend the i rv i ta - t ton ,  

E;. RegresentGtives f i - 0 1 ~  the 232 t o  aclvise on tlie adherence of o u r  design 
to  the recoimendattons of Sv2xormittee 30. 9. 

9. 2e:nesentatises frca tiie h c r i c c n  Co1leL.e of ;LaS,Lolagy. 

To a l a r g e  extent,  this m e t i n g  can decide nzny of 'die 1xobleP.s of source 
encapsulation. 
the probable i3articipating usei's of the capsale. If such a desigri i s  standerdized 
the cos t  of cobal t  60 sources can be e f f e c t i v e l y  redriced. I n  order  t o  assure our-  
selves t h a t  r-re do have the co-o:>erction of as nany u l t i n a t e  consumers as possible,  
rre nill propose a t  t h i s  zee t ing  t h a t  the i3artici:xtinz xmbers  alloi-r tlie Cecisions 
t o  be published ir, all r x i i o l o g  journals d t h  a request f o r  z r i t i c i s r m  aid advice. 
..'e nill propose t h a t  l e t t e r s  be sent  t o  a l l  t.hree of the .herFcZn raC.iolocg jour- 
nals, the Znglish j o u n a l s ,  re,resentatiT,-es a t  5ai.cell and L i l l e s t r o n ,  i:omey 
asking f o r  t h e i r  c r l t i c i s n s  and ad.iice ai:< ;;het!ieii -:hey c ~ n ,  Zcllov:. t::e st~.i1d~.id 
design, 
? a r t i c i p a t i n g  corqmies  m d  ';hat there  skoulcl be a f l n a l  m e t i n g  i n  apLiro:5rnaiely 
one year  t o  vote  on - .L c o b d t  bo source ca:?sule. 

If a desiLqn i s  t o  be standardized i t  nust be acce;ita'ole t o  all of 

-- 

'.;e n i l l  i2ropose $hat, t h e  5ta:d.Zi-d. desizi? be t e n t a t i v e l y  zcceiited '07 all 

%u a a ~ t  +&i,- '? -&- 
3 2 
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CALIBRATION 03' CHEIECPJI DoSIkmG3.S ?OR I!EASLiRING LWIS OR GAULlA-ilAYS. 
- 

Oak Ridge National LaboratoFJ - Chemistry Division 

C, J, Hoclianadel 

I, Introduct ion 

The problems of dos ine t ry  a re  cornon t o  a nunber of f i e l d s  including 
r a d i o l o a ,  r ad ia t ion  chemistry and rzdio-biolotg. 
subjec t  has been contr ibuted by the r ad io log i s t s  nho have been faced n i t h  these  
ijroblens l o r  many yea ls ,  
measurements of ion iza t ion  produced i n  a i r ,  although there  have been a f e u  calor- 
imetric nezsurements a d  a l s o  some measurements based on cnemical o r  physical  
changes in condensed systems. The f i r s t  ser ious,  study of chemical dosimeters vas 
made by ?r icke  and co-norkers i n  1927 rhen they s tudied the  oxidation of Terrous 
sulfate induced by ywrays. 
e f f e c t s  of r ad ia t ion  on cheridcal and physical  ? rope r t i e s  of mater ia l s  became of 
f undanental im?ortance, and the  use or" radietion-induced chemical reactioiis  f o r  
dosimeters received increased a t t en t ion ,  
vi11 p o b a b l y  be used more rridely i n  a l l  f i e l d s  in  which dosimetry is i m p o r t a t .  

iiIost of t he  l i t e r a t u r e  on the 

Almost all dose neasureneuts i n  the  pas t  r e r e  based oil 

55th the aiivent of the atomic energy progrw, the 

In tile fu tu re  t h i s  Q p e  of dos ine te r  

11, Some Advantages of Chenical Dosimeters 

(1) 
t i o n  proper t ies  a s  t h e  specimen. 

(2) 

A dosimeter system can be chosen vrhich has the  same radia t ion  absorp- 

A l i q u i d  dosimeter can assw,e any geonetnj, 

{3) They can be used in non-uniform rad ia t ion  f i e l d s ,  

(4)  
appreciable f r a c t i o n  or" the inc ident  energy, 

They can be used Tx,der condi t ions in r!hich the  specimen absorbs an 

(5) They are convenient t o  use and a l l o n  rapid measurement. 

111, Choice of a Su i t ab le  ilosimeter Syys_tem 
r 

44.4 
A vide v a r i e t y  of chemical changes b q q h >  aboct by r ad ia t ion  hewe 

TheseriC2aude decomposition reac- 
(1) 
been proposed for use as dosimeters. 
t i ons ,  oxidation-reduction react ions,  7 o l p e - i z z t i o n  react ions,  decolor- 
a t i o n  of dyes, etc, 

The choice of a su i t ab le  dosimeter de;>ends i n  p a r t  ugon p a r t i c u l a r  
requirenents  and on ind iv idua l  preferences. 
dosimeter s h o d d  nee t  as m3ny as possible  of t irements l i s t e d  i n  
Table 1. A t  ? resent  ve have no i d e a l  system MqL neets  all requirepents ,  
nor  a r e  Ee ever  l i k e l y  t o  have such a dosimeter, i.Iost rad ia t ion  c h e a i s t s  
non fzvor  the  oxidat ion of f e r rous  s u l f a t e  i n  a i r  sz tura ted  0,GN sulfuric 
a c i d  so lu t ion  as a d o s h e t e r ,  a n i  Table I, the   ropert ties of this reac t ion  
are compared n i t h  those l i s t e d  f o r  an i d s a l  dosimeter. 

(2) 
mors chemical ctosimeters aga ins t  tihich o ther  dosimeters can be c a l i b r a t e d  
as they a re  developed. 

Eonever, I think a s u i t a b l e  

The inpor t an t  problem, honever, i s  the  accurate  ca l i5 ra t ion  of one o r  



Radiation absorption Same as f o r  1 (1) Dilute  so lu t ions  o r  lor! G mater ia l s  
such as t i s sue  ( u2ir and n a t e r  
equivalent 

I 

I 
I 
I 

systems under study, I 
10 k ~ ,  t o  10 i.iev.) 

Yield independent of r ad ia t ion  
qua l i ty .  ]I (2) 15 livp t o  25 !:~VP. 

I 

i n  t e n s i t y  . 1 

I 

; (4)  
1 
f r 
I 
f 

Adequate s e n s i t i v i t y ,  

Convenieiit t o  use: 1 

(a) Sheh" reagentswtir  equi l i -  t I (5) 
I 
I 
I 
1 
1 
1 

I 

bra ted  s o l u t i o x  e 

(b) S tab le  i n  storage.  
(c) S tab le  prcduct. 
(d) Easy and s e n s i t i v e  ana lys i s ,  I 

f 
1 

I 
I 
1 
1 
1 
I 

I 

Simple react ion:  I 

( a )  FreTerably- zero order i n  t 

(b) Product, no t  af2ected by 

(c) 

r eac t an t  . 
r ad ia t ion ,  I 
Yis ld  independent 09 c h a g e s  I 

i n  pH, dissolved gas, e t c .  
during rad ia t ion .  I 

(d) Zei.0 ",eni?erature coef f ic ien t .  
(e) Simple rezct ioi i  rneckmisn. I 

( 6 )  
1 

I 

I 

I 
t 
I 
I 
1 
1 
I 
I 
I 
1 
I 
1 
I 
1 
1 
1 
1 

%'1000 r t o  50,COO r ( a i r  sa tura ted  
solv.tion) s t i l l  g rea t e r  range (de- 
gassed so lu t ion) ,  

Pes 
(a) Yes, (Organic impur i t ies  ia- 

crecse the  y ie ld :  $1- 
el iminztes  the  ef:ect) e 

oxidation) . (b) Reasonably (Very slon a i r  

(c) Yes 
(d) Direct  o g t i c s l  absor?tion 

e a s i e s t  (Color iae t r ic  method 
with orthophenantkiroline i s  
the most s ens i t i ve ) .  

As sim?le as most react ions:  
(a) IC-& t o  2. M. (sl0:7 Fetkd2o2 

( 5 )  
(c) 

(d) 

(e) 

reac t ion  d t e r  i r m i i z t i o n  
i n  d i ?  u te so lu t ions .  ) 
No Fe"? relcluction i n  .8N acid. 
' i i e ld  c rops  nhen 02 i s  de- 
pleted,  
About 52 increase from 2O t o  
650 C. 
AS s imple  a s  nost react ions.  
Iias received more z t t e n t i o n  
tiim any ot!ier react ion.  
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I.Iethods f o r  Ca l ib ra t ing  CZiemical Dosine ters m* -uII -.-__1_1-- 

The stanciard of dose, the  Roentgen, i s  def ined i n  t e r n s  of ioniza- 
t i o n  Drodriced i n  air and corres?onds t o  the a d s o p t i o n  or' a qumt i$y  of 
e n e r a  u!iich i s  approximately the  sane a t  a l l  wave lengths,  vaq-ing only 

T!ie e n e r 3  absorbed by any other  ma';erial placed i n  ttie saxe rad ia t ion  
f i e l d  can be ca l ca l a t ed  from the  close i n  Roentgens by r n l t i p 1 y i . q  by the  
ra-Lio of absorL3tion coe f f i c i en t s  of the mater ia l  a id  a i r  a t  $he i3articulzr 
Eave lengths  used. This implies a laonledge of the sFectrum or' t he  radi-  
a t i o n  and of the  absorption coe f f i c i en t s  in t h a t  s?ectr-al region. 
ca lcu la t ion  can be maGe f a i r l y  accurately f o r   lo^ a ton ic  nunber ma-berials 
and i n  the nave length re$on vhere Conpton absorption predminztes ,  T o r  
high 'IZ1* mater ia l s  and in the  l o n  energy o r  high energy region, the  accur- 
acy i n  making t h i s  conversion i s  poor. 

wi th  t i, e eiiergr rec!u%red t o  produce an ion p a i r  a t  any given nave Length. 

The 

The dose i n  Aoentgens i s  calculated f r o m  -the ion iza t ion  produced b.~ 
t h e  secondary e l ec t rons  i n  a ?mom vo lme  of a i r ,  A necessary condition is 
t h a t  photon-electron equi l ibr l 'm be establ ished i n  tl;e gas i t s e l f ,  2nd tha t  
t he re  be no contriSu-Lion from elecirccies o r  n a l l s ,  
l i n i t e d  t o  photons of energy less than 100 kv, uniess  extyemely larp 
s;2acing o r  high pressure i s  used. 

The method i s  thus 

Tor higher  energy raciietion, the dose in Roentgens can b e s t  be 
neasured using an llair-mlllt cavi ty  ion iza t ion  chanber, i n  which a small 
volume of a i r  i s  surrounded bjj 2 s e f i c i e n t  thickness  of llair-equivalentlt 
n a t e r i a l  t o  i n su re  c o q i e t e  piioton-electron equ i l ib r iun  i n  the  na l l  and 
gas cavi ty  system, 
ci-iamhr gives the  e a e r g  absorbed i n  .the v a l l  or' the  chanicer, Zron the 
measured ior_izat ion produced i n  the enclosed gas, accordiyg t o  $he eqila- 
t i o n  developed by Grq-: 

Ihen tlsed under the  T o p e r  conditions,  the  cav i ty  

c 

g 
vhere, e:qressed Per wit mass o r  2er unit -rolme, Zn re>resents  the  
energy absorbed i n  the  c a l l  mater ia l ,  J g  is the  number of i on iza t ions  
procluced in  the  ses, Tlg i s  the energy required t o  produced an ion  p a i r  
i n  the  ges, and S i s  tk stopGin;; ?over f o r  secondaq e lec t rons  (;.!hen 
x-rays o r  Y -rays me t he  inc ident  red ia t ion)  and 2or rralls  made of llair 
equivalent  11 =-Le r ia l ,  

S 

thereby giving a measure of closs i n  Roectgens, 
absorbed i n  any a s t e r i a 1  could be xeasured by c o c s t x c t i n g  a chmber having 

I n  yinci$.e,  the energy 



nalls of t h a t  mater ia l  o r  of something equivalent  t o  t h a t  mqte i ia l  i n  
r ad ia t ion  absorption proper t ies ,  If the 22s i n  the cavi ty  were a l so  of the  
same composition a s  the rialls ,  o r  a t  l e c s t  t tequivzlent",  then no cor rec t ion  
f o r  stop:ling power R O L I ~ ~  be necessary. Since i n  p a c t i c e  it i s  usuelly not  
Fossible  t o  f u l f i l l  these  conditions,  it i s  necessary t o  comec t  f o r  d i f -  
fe rences  i n  s t o p i n g  porrers aid absorption coefA'iclents, n e i t k e r  of ahich 
a r e  h o r n  a c c u a t e l y .  For  example, e n e r g  absor7tion i n  ra'Ler might be 
measued by c o n s t r u c t b g  a !-:ater (or  va t e r  equivalent)  gall chanber con- 
t a i n i n g  rater vapor in t h e  cavi ty ,  o r  e r , e r z  absorytion in t i s s u e  x igh t  
be measured using a chamber ni t i i  I*.tissue equivalent" (usually a p l a s t i c )  
n a l l s  and containing tltissxe equivalent" zas (usually a inixture of hyciro- 
carbons and other  gases) . 

It can be shorn from the  Gray equation, t ha t  tvo materials t7 and 
I4 awe Yequivalenttt Then 1 
2 

2 % s n  1 

where ;u i s  t h e  absorption coe f f i c i en t  and S the  stop12ing no?!er. 

(b) Reauire=n_ts i n  Usine: a Caa-Qg~er 

100% e f f i c i ency  in co l l ec t ing  the  ions  produced, 

S u f f i c i e n t  n a l l  tliic!aess t o  a t t a i n  e lec t ron  equilibrium and 
t o  exclade p e r t i z l e s  from the ontside.  

Cavity dimensions snall compared n i t h  the range of secondary 
electroiis.  

Uciform i n t e n s i t y  over the  chanber. 

(a) Proper ~ e o m e L ~ .  
(b) Negligible a t tenuat ion.  

'.7all nia t e r i a l  requirements. 
L 

(a) S m e  G as tke gas (e.g. a i r  m l l  chmber) .  
(b) O r  same 
C C )  Collect ing e lec t rodes  same Z a s  the  n a ~ .  

as :i:latei.ial or" i n t e r e s t  (e,g. t i s s u e ) .  

A chsnber used by us i s  shorn i n  Ti,gxe 1. A Zore v e r s a t i l e  design, 
which allons coryensation f o r  rrall  thickcess  cavi ty  dimension require- 
ments, i s  the  Sa i l la  ex t repola t ion  chanber ~7 "i622t- corisists or' tt:o p e r a l l e l  
p l a t e s  t h a t  can be ed jus ted  i n  ordcr  t o  change cavi ty  s i z e  and F a l l  tkick- 
ness. 

(B) Ca1orir;etric &asurements 

The ci i rect .  ethod f o r  measuring e n e r a  absorFtion i s  by calorimetry. 
Y Honever , 

i s  usuall-j so  s n a l l  t h a t  accxca':e aeasurement is t l l i i l c u l t e  Aiso, the 
method i s  inconveniect because of the equipment and technique required 

Yr2j-s 3r Y -rays, the acount of energy- absorbed . .-+-. 
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and i s  not ada?table t o  rout ine leboratory measurements. 
been used by us, and- l a t e r  by others ,  t o  dete;nir,e the  r a t e  a t  rh i ch  galm.a- 
ray  e n e r g  nas absorbed by r;ater, 
oxidation of f e r rous  s u l f a t e  i n  the sane apparatus, the absolute y i e l d  i n  
t h i s  react ion nas deterxined, 
2, Adiabatic conditions nere maintained using a Beater i n  the  cavi ty  of 
the  l e a d  sh ie ld  t o  ad ius t  cont inual ly  the tenperat-are of the  caloTineter  
j acke t  t o  t h a t  or" t he  n a t e r  sample, 
of 25, 75, 225 roentgens per second using 300 cur i e  and 1500 curie  cobal t  
sources, one of vhich i s  shorn i n  F i ,wes  3 and 4. 

(C)  Charge-Energ i>:eesurexents 

The ;net:iod has 

Conyzring t h i s  r a t e  n i t h  the  r a t e  f o r  

The apparatus used by us i s  siloni i n  l i b m e  

1,ieasurements nere mde a t  i n t ensF t i e s  

Using a bean of charged 13articles such a s  t h a t  pob ided  by 8 Van 
de C-zaaff gefierator o r  cyclotron, the poner . input  can be determined by 
measuring the  y a r t l c l e  energy . a d  the  cliarge input ,  Using an eleckron 
beam, the  chief uncertainty in  the nethod i s  beck s c a t t e r i n s ,  That i s ,  
nhzt  f r a c t i o n  of t h e  energy aksoi-bed i7as contri'outed by e lec t rons  1:jIiich 
L- enbered the a m y l e  ard  :.:ere scstcered out ~ t h o u t  being ineasured? 
2 t a r g e t s  aid p a r t i c l e  epergies  of 1 o r  2 E!ev, the energy coiitributed by 
p a r t i c l e s  which a re  l e t e r  s ca t t e r ed  back out Ps of t h e  order of 5 g 0  
era.1 de ts rx ina t ions  of t h e  y i e l d  f o r  Terrous s u l f a t e  oxidation have been 
made v-sing e l ec t ron  beam. 
chemical e f f e c t  a s  ) ( - r a p  o r  Y-rays diere the ac t ion  i s  through C o q t o n  
r e c o i l  e lec t rons ,  

F o r  lon 

Sev- 

Electrons a r e  e::-iected t o  probcce tne  sane 

Several  de temi i ia t ions  o f  tile y i e l d  fo i -  f e r c u s  s - d f a t e  oxidztion 
have been made using i a t e r s a l  c-' so-.;i"ces sv.ch a s  132 ?mi S35. T o t a l  energy 
absor5ed nas determined froril Lhe tc ' ial  nuxber 02 2Lsi::tesations (4 V 

co-m-ting) and %he avera;e me,-= cer CisLitegra'cion, The chief 
absolute sources o P-+ e r r o r  l i e  i n  Sezernining these q u a n t i t i e s  and est imzt in$ the  
energy l o s t  i n  tk :or-tainer ~ ; d l s ,  

The r e s u l t s  listxl in Table 2 inc' icate ser ious d i f fe rences  amor_g 
the  various measxexentsp v i t h  riost  r z s u l t s  ranging around e i t h e r  1E06 o r  
20, The d i f f e r e w e s  nay Testllt e i t h e r  Zron errors i n  ene;.g=r measurements 
o r  from incoEplete unders'iadirrg of the  reac t ion  mchilnism, 
mare recent  r e s d t s ,  o b t a k e d  by three  GifL'er-ent methods, tend t o  favor  
the value U a 6 ,  The fac t  :hat there  i s  d i s a g e e c c n t  arlIong the  var ious  
r e s u l t s  f o r  t h e  absolute  y i e l d  s h o d 6  not,  horever, d e t r a c t  f r o n  the  f a c t  
t h a t  chemical Ciosineters do or"fer a n u b e r  02 advaiita;es. 

i.:ost of t he  

The reduc'cion of c a r i c  s i t fa te  is of ten  used as a dosimeter. V d s  
ob ta i r ed  by var ious  r-:or!:ers f o r  the  r a t i o  of y i e l d s  of f e r rous  oxidat ion 
t o  ceric reduct ion range from 6.0 t o  6.8, 
y i e l d s  f o r  c e r i c  recluction are less repaoducible and nore suscept ib le  t o  
effects of impur i t ies ,  
r eac t ions  a r e  shorn i n  F i b w e  5, 

It i s  geceral ly  agreed that 

F j p i c a l  uose-coocentration cum-es f o r  the  tno  
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To prepare these  minutes-a runnir?g auc7,ograph r 9 z o r d  vas dictaated by lk. 
Harmon thzoughcut tine meeting. 
and occasional ly  personal nhmes w r e  l o s t  i n  t.hs rap la  interchanEs of idzas, 
rcLnutes riere pr6,mred with %ne hop? of r e t a i n i n g  a l l  of the ideas  presented but 
some of the r e p e t i t i o n  has been deleted.  

The record incLr,53s u r . h  y ? : x k i t i m  cf C;lscu~s:i.oii 
Thsoe 

I. --- INTFiOGUCTION 

D r .  Brucer opened the meeting n i t h  a review of t h e  minutes of the  previous 
October 4 mesting, 
d u s t  from Cob0 sources,  
committee No. 9, has  racomended t h s t  Cooo be consluered as h a v i q  a p o t e n t i a l  
dust ing haasrd. 
coba l t  caimot be prodaced ni'choxt t h s  p o t e n t i a l i t y  of dGsting and f l t ikicg;  
therefore ,  encapsulation w i l l  require  a double seal .  

Tha f irst  f a c t o r  t o  consider i s  th= problems of radioact ive 
The IiatFoilal CoFmittee on Rediation YroLection, S u b  

Also  the US-AEZ pro?ucers concuz i n  the  & l i e f  that r a i i o a c t i v e  

A second f a c t o r  t o  consider 
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is  the material t o  be used i n  the  design and f ab r i ca t ion  of t he  source container. 
A t h i r d  f a c t o r  i s  the thickness and densl ty  of the presenting face  of  the somse 
capsule, Any increase in the t i i i c h e s s  o r  dens i ty  of the presenting face produces 
a rapid drop-off of the priffiary beam. A fourth f a c t o r  is  the ' 'offf1 posi t ion of 
\he source i n  the shielding head. For example, i n  the ORINS-Bzrnes prototype 
design, the  Itoff" posi t ion of the source i s  behind a shielding block of tungsten. 
The design and spacing of the preserhing face of the source capsule permits 
@;nary beam leakegs through the shielding head, and t h i s  leak  is considerably 
,'.3re than a pinpoint leak. 

I1 I U E R I A L  FOR SOURCE COYTAITIER 

The first item on the agenda vias a discussion of materials usable f o r  
f a k i c a t i n g  a standardized source container. 
. - t . i inless s t e e l  the container would reduce the r a d i a t i o n  by 35 per  cent ;  i f  of 
c.mgsten a l l o y  by 43 per cent ;  and if of uranium by 72 per cent. 
p i n t e d  out that the t-mgsten a l l o y  could be obtained t o  a s p c i f i c  g rav i ty  of 18-6, 
r.kich is  c lose  t o  the shielding propeyties of uranium. Dr, Brucer s t a t e d  t h a t  hs 
had j u s t  received i n f o r ~ a t i o n  from the U S 4 C  t h a t  small amounts of uranium mighc 
tx ava i l ab le  f o r  f ab r i ca t ixg  source conta; ,ners 

For exanple, in one design, if of 

. Kr, Judkics 

A number of members presented arguments aga ins t  the use of uranium. 
Rupp pointed out t h e t  fuhere rrere d i f f i c u l t i e s  i n  machining uranium nhich mighz be 
cew t o  some manufacturers i n  p r iva t e  industry. The h e a l t h  hazards were nentioned 
b r i e f l y ,  
blocks is  a d e f i n i t e  problern t o  p r iva t e  persons and it is  questionable ;71.,ether the  
added adminis t ra t ive prccuremeat problems are overcome b7 tke re la t i . Je ly  small 
increase i n  e f f i c i e n c y  viher, used i n  tills p a r t i c - d a r  source capsule ., The group 

Mr. 

The c u x e n t  iincertainty of commrcial  use of  xraniua i n  about 5 pound 

eemed t o  be unanimous i n  p re fe r r ing  a tungster, a l l o y  a t  presect but urariium could 
e subs t i t u t ed  without any major chanze i n  any o f  the designs. 

Ivlr. Green suggested the use of steel, This, i n  general, was accepthble. 
It m s  pointed out ,  however, t h a t  t o  use s tee l  r o a d  be t o  lose  the benefi t  of 
effective sh ie ld ing  c lose  t o  the source, vihere it i s  most des i rab le  t o  have 
maximum shielding. 
tihip but hem the re  i s  a considerable gain i n  shieldFrig efficiency, 
pointed out t h a t  the extra sh i e ld ing  i n  the hend, required by the use of s t e e l  f o r  
sou-ce container,  gas not so c r i t i c a l  as  the metal 's  rnachiiies5ility c h s r a c t e r i s t i c s ,  
k;hich w k e  it s u i t a b l s  f o r  
n t s  cointed out t h a t  ~ ~ a s u r e m e n t s  on the OXiFS-Barces hec toc-x ie  nackine sh i e ld ing  
a Cob0 s o c c e  or' 450 cur i e s ,  and witii tile s o u c e  c o n k i c e r  f ab r i c s t ad  o f  s t e e l ,  
r equ i r e s  an add i t iona l  1.25 inches of iezd  o ~ i  $he p e i n e t e r  of the shielding head 
over ghat m u l d  be necessary with the prososed tungs+uen a l l o y  source capsule. 
Thus, t he re  is appreciable saving 

container designs 5y Barnes and Picker and mere asked if  they could mnufacture  
thqrn. Mr. Gi l l e sp ie  sa id  they could but  it vould not  be easy to  nake the  t h i n  
face. Vz. Judkins sa id ,  t h a t  with a l l  the gadgetry on the outs i<e ,  h i s  company 
c:od-d make such a ciipsc3.e but  with d i f f i c u l t y .  
be f ab r i ca t ed  t o  these designs and agreed ori the  d i f f i c d t i e s  of  the thin faceo 

The same a r w e n t s  hold as f o r  the  uraciu-tungsten relat ion-  
Cr, L i l l i e  

bui lding a t h i n  fzce on the soi'rce conial.neT. It 

space and weight with co r rec t  capsule design. 

The rnanufacturers of tungsten a l l o y  were shovm two suggested source 

1:~. .bed sa id  t m g s t e n  a l l o y  could 

http://conial.neT


Mr. Yancey requestad information about t he  s t r e s s  placed on the t h i n  

I t  was pointed out t h a t  a face  made o f  s t e e l  reduces t h e  ? r i m y  beam 
present ing f a c e  and asksd whethcr alu?inum or aluminum a l l o y  o f  2 m i l  th ickness  
was usable.  
\y about 2 per  cent ;  if aluminun i s  used the  r d u c t i o n  would be less than 1 per 

Nr, Green pointed out  a problem of 
corrosion of d i s s imi l a r  metals under various cofiditions, Yancey, Dr. L i l l i e  
and Nr, S t i c h e y  discussed t h e  effects o f  corrosion caused by extreme ion iza t ion  
by the beam, and by pJvanic  corrosion of d i s s imi l a r  metals. 

en t ;  if tungsten a l l o y  c lose  t o  6 per  cent. 

PIr. Yancey then asked about possible  rupture  of t he  source container  face, 
Mr, Rupp s t a t e d  t h s t  he f e l t  that the  stress o f  t h e  f a c e  was q u i t e  cri t ical .  D r .  
Srucer s t a t e d  t h a t  i n  making phys ica l  measuremants of  the beam, ORiNS technicians 
are  f requent ly  turning the  machine up and r e s t i n g  tes t  tubes on the  container  face. 
This could ba a common procedure i n  chemical and physical  measurenents and the re  
w i l l  be a remote p o s s i b i l i t y  o f  puncturing a t h i n  face. 

Mr. Eiacon asked i f  the source container  could be plated.  D r .  Moffett 
s t a t ed  t h a t  t h i s  was j u s t  an  in t roduct ion  of another d i s s imi l a r  n e t a l  a d  t h a t  
they would much prefer  t o  work with a s ing le  one. 
a t t enua t ion  a t  the  face i s  a f i n c t i o n  of t h e  dens i ty  acd absorpt ion coe f f i c i en t ,  
and it is d e s i r s b l e  t h a t  aach be kept as losr as possible  but a t  t h e  saae t ine 
maintain enough s t rength t o  r e t a i n  the  sc)urc4 i n  the capsule. 
t h a t  customers are paying f o r  r a d i a t i o n  and every t i a e  you add m o t h e r  per  cent  
r a d i a t i o n  l o s s  t he  custorner i s  losing value. 

Mr. Fkpp erqhasized t h a t  the 

It was p o h t e d  out  

Mr. Wellborn suzgested the  p o s s i b i l i t y  of  brazing en aluninum, brass ,  o r  
i2. Stickney s a i d  t h a t  it stainless steel  face t o  a tungsten al?.oy contziner.  

would be d i f f i c u l t  t o  ge t  a yood hermn,tic seal witin alu-ninum brazed t o  tungsten 
-1loys. D r .  I:offett s t a t ed  t h a t  we d id  not  have anoush e q e r i e n c e  with 2 iss imFlar  

dissimilar metals, if m o i s t ,  \;odd cause t rouble;  however, if naintained under dry 
condi t ion they sight not c r e a t e  any problem. 

!'bls t o  2ssure a g o d  brazed face f o r  2 source Sox. He pointsd out thzt 

D r .  f lo f fe t t  s t a t e d  t h a t  i n  h i s  own thinking t h e  rcachimbi l i ty .  of t he  
tungsten a l loy  woulc! be qKite a problem; however, inasmuch as 'ch9 manufacturers of 
tungsten alloys fslt t h a t  t h i s  would not be a ? r o b l a ,  the  Carradiam would go 
d o n g  with a tungster, a l l o y  source bo:;. 
t o  %chine ac rc s s  gra in  i n  e i t h e r  steel. o r  tungsten alloy, t he  t h i n  wiEdow would 
3e excsssively f r a g i l a  and h e  would not t ru s t  it# 
concurred w i t h  Xr. Gi l l s sp ie ' s  statement.  
kchidow fror, an i n t e y a l  piece,  $ h c e  a r e  a l s o  the problsns of o ther  nachining 
operations such as b o r b g ,  facing,  turning, and threacing. Xe then s t e t ed  t h a t  
f,unTsten a l l o y s  are e a s i e r  t o  machine than s t a i n l e s s  steel. 
was convinced t h a t  we ldhg  a face plate  i n  a t u q s t e n  al'oy capsule is  soundo 
If, however, t hz re  i s  any se r ious  doubt about the long term efziclency of the 
brazing, then s t a i n l e s s  s teel  i s  t h e  bes t  metal t o  use t o  qa t  a reasonable th ickness  
of window without los ing  too  m c h  rad ia t ion .  
t u y s t e n  alloy czpscle and usiriz a cup of s t a i n l e s s  steel. 243, Rupp age-in suggested 
serious considerat ion of the p o s s i j i l i t g  of t h e  breaking of L l e  face plato.  

ivk. C-il lespie pointed out t h a t  i n  t r y i n g  

XI-. J ~ i i k i n s  and l e k .  3eed 
lb. Gudkins sa id  t h a t  i n  n a c h i n h g  the 

3r. bioffett  sa id  he 

Ik. Stober suggested f ab r i ca t ing  a 

D r .  Noffett  enFhs ized  t h a t  it is p r e t t y  well establ ished t h a t  t h e  wicdow 
Dust ba of s t a i n l e s s  s t a e l  and t h a t  we are faced w i t h  a brazing o r  mechanical 
sealing. 
container  w a i l  bj t v o  rings of s o f t  soldor .  

t lr .  Gil lesp ie  i l l u s t r a t e d  a diaphragm s e d  vec?ged between the  cap and 
E'?'* Yancey pointed out  that w e  cwvlot 
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obtain all des i rab le  p r o p r t i e s  i n  a s ingle  metal and suggested t h a t  corrosion of 
dissFmilar metals could be avoided by making the window face out  of  nickel ,  nhich 
is  compatible ivith tungsten a l loys .  
nickel.  

Lfr. Judkins concurred i n  the suggested use of 
Dr. Moffett agreed t h a t  it vould serve equal ly  as v i e 1 1  a s  s t a i n l e s s  steel. 

kk. Rod Mason reminded t h e  group t h a t  e a r l i e r  i n  the d iscuss ion  it was 
demonstrated t h a t  with the Barnes' source i n  the 'Ioff" pos i t ion  there  a re  not c lose 
tolerances between the source and the outside sh ie ld  r e su l t i ng  i n  small leakage 
beams of rad ia t ion .  
c r i t i ca l  pos i t ion ,  mould reduce the r ad ia t ion  pro tec t ion  i n  the t fof f l t  posit ion.  
Dr. Brucer pointed out  t h a t  the ORINS-Barnes' p r o t o t n e  had considerable (g inch) 
tolerance between the face of the container and the tungsten sh ie ld ing  block 
embedded i n  the lead sh ie ld ing  head. 
the standardized capsule and must be kept i n  mind. 

He then asked whether nicke l ,  a less dense mater ia l  i n  a 

This e r r o r  in design could be corrected i n  

111 0 DESIGN OF SOURCE CONTAINER 

To start a discussion of the source container  design, Ur. Stickney 
i l l u s t r a t e d  a design proposed f o r  h i s  company's te le therapy  machine. 
noted the ex te rna l  threads on the  container and suggested t h a t  t he  box be designed 
so t h a t  the  full threads !;rould have four s l o t s  p q e n d i c u l a r  t o  the threads t o  
permit i n s e r t i n g  the scurce container  and turning it 90 degrees f o r  locking. 

Mr. Judkins 

Mr. Bulliet presented the ORINS-Barnes design of a source container ,  which 
has no ex te rna l  threads. The capsule i s  inser ted  i n t o  a smooth bored hole i n  the 
shu t t e r  wheel and is held i n  pos i t i on  by a snap r ing.  
object ions have been raised t o  the  snap r ing;  ar,d t o  overcome these object ions the 
Barnes Company has been studying other  designs f o r  holding the capsule i n  the 

aompletely s a t i s f i e d  with the external thread f o r  holding ';he container  i n  posi t ion.  
H i s  conpany has t e n t a t i v e l y  discussed a design t h a t  vi11 make the capsule a free 
f l o a t i n g  bearing. 
bearing design. 
surfaces  with a tungsten alloy norking aga ins t  bronze. 
preventing the source container from snagging i n  the por ta l .  
these problens = re  discussed by hir.  3 u l l i e t .  
and the ORINS-Barnes container  show t h a t  Tihere tne la t ' e r  container  has  three 
pa r t s ,  the former design e l imina tes  one of them. 
the  NCRP recommendations spec i fy  that there must be a double wall completely 
around the source; t h i s  xas not  so s t a t ed  i n  the recommendations. 
s t a k d  that the face  p l a t e  seal on the Picker capsule could be t e s t e d  t o  prove that 
it is hermatical ly  sealed before loading; and h i s  experience on the KRP, Sub- 
committee No. 9 mould lead h in  to believe that the design xould meet the recommend- 
a t i o n s  of the Subcommittee. 
it is  impossible t o  test the conta iner  t o  determine mhether i t  i s  hermatical ly  
sealed. A seal which can he pre-tested is not a c r i t i c a l  point i n  the design. 

Mr. Bull ie t  s t a t e d  t h a t  

hu t t e r  wheel. Mr. B u l l i e t  emphasized that the Barnes engineers are not ye t  

&Lr. B u l l i e t  then out l ined two object ions t o  t h i s  f r e e  f l o a t i n g  
The f i r s t  problem is the d i f f icu l ty  of maintaining smooth bearing 

Designs for avoiding 
The second d i f f i c u l t y  i s  

k comparison of the Picker container  

h i .  hiason mnted  t o  know whether 

Dr. Brucer 

The double seals were s p c i f i e d  because, a f t e r  loading, 

hk. Yancey discussed a des ign  that could be sealed by pressure. The design 
would be sealed by forc ing  the cap i n t o  _nosition aga ins t  a s o f t  so lder  seal causing 
the  solder  t o  flow between the s i d e s  of the cap and.container.  
that it would require a f e n  thousand pounds per square inch t o  make the closure.  
3.k. Ru?p sa id  that OPNL had high level barrier equipment adequate f o r  obtaining up 
t o  50,000 pounds p r  square inch. 

L I r .  Yancey estimated 

ki i .  Yancey asked whether the cobal t  mould evsr  
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be removed from the container.  
t o  take the Cob0 out  f o r  = i r rad ia t ion .  
no problem i n  removing the cobalt f rom any of tine three suggested designs. 
Gi l lesp ie  pointed out the problem of breaking tile s e a l s  u i t h  rough handling i n  
remotely c o n t r o l h d  operations.  

Mr.-Stickney s t a t ed  t h a t  the Canadians might want 
D r .  Lof fe t t  agreed t h a t  there  mould be 

Mr. 

Mr. Stober brought up f o r  considerat ion the  suggestion of a s t a i n l e s s  s t e e l  
cup t h a t  would f i t  i n s i d e  a tungsten d l o y  source container.  
would be 10 mils t h i ck  and the  cup vould stand on the shoulder of the tungsten 
a l l o y  container.  
t o  the presenting face of the  capsule. It was pointed out  t h a t  t h i s  suggestion 
could be used i n  each of the three designs suggested so f a r .  
sealed by scrawing a cap d o ~ m  aga ins t  l ead  r i n g  s e a l s  located on the l i p  of  the 
s t a i n l e s s  cup,, 

The face  of the cup 

This design would el iminate  the necess i ty  of brazing a face p l a t e  

The CUE, could be 

L k .  Judkins questioned if lead r i n g  seals would have a tendency t o  t e a r  
when applying force by screwing down toe container  top and not produce a continu- 
ous s ea l .  Mr. Gil lesp ie  concurred with t h i s  thought and emphasized t h a t  with t h e  
press  fit the metal would f low f r ee ly ,  
would be o tendency f o r  the l ead  t o  continue f lon ing  and nhether the seal would 
break d o m  over a year or two. Dr. Brucer s t a i ed  t h a t  two years experience with 
pressed seals had not  produced any leaks ,  
i n t o  the p i l e  over a period of  years, OR% has found t h a t  a F r f e c t  ivelded j o i n t  
i s  not an easy matter and r equ i r e s  very skillful handling mith sFecial ized 
equipment. ORNL has never e x p r i e n c e d  any d i f f i c u l t y  a i t h  the lead  seals e i t h e r  
i n  screw down or  press  f i t s ,  

The quest ion mas asked whether there 

Nre Xupp s t s t e d  that with sources going 

Kz. Tiellborn reviewed the  discussion on the brazed face p la te  and s t a t ed  
that such a s e a l  i s  capable of  being t e s t ed  by a i r  pressure o r  vacuum before 
asso,mbly of the capsule. 
r azed  j o i n t  by having the brazing compound flow i n t o  the  opening by c a p i l l a r y  

ac t ion ,  under high t empra tu re .  
wall  of the container mould 2ress  aga ins t  the face p l a t e  mking an  e x t r a  seal .  
l.". Yancey asked ktr, Stickney vhether there  vas any object ion t o  using the s t a i n l e s s  
s t e e l  cup, e l iminat ing the  t7eldhg of the? face p l a t e ,  G r .  Stickney had no object ion 
but pointed out  that it required an add i t iona l  piece i n  the assembly. 
the can in the Picker design nould reqcLire inver t ing  the can a f t e r  loading. 
considerable discussion it was agreed t h a t  the loading procedures could be 
acconplished e a s i l y  with any of t he  designs so f a r  presented. 

Lr. Stickriey pointed out  that h i s  company gould make the 

Also,  when the cap is  screned t i g h t ,  the inner 

Also, using 
After 

The group then considered a suumary of  the proceedings t o  t h i s  point ,  as 
exemplified by the three designs,  tvliich Tiere d r a m  on the ci-ialk board. Each 
suggested design Fi0il.d have only one seal if a can is t o  be used. hlr. G i l l e q i e  
suggested that the stainless steel  cup and the brazed face $ate in f r o n t  of t he  
primary beam could be used t o  obta in  a double sea l .  

Y?. Gil lesp ie  questioned the  d e s i r a b i l i t y  of threads on the outs ide of the 
source container.  
source container  i n t o  the wheel, and indicatsd t h a t  h i s  cornAmy would be glad t o  
consider any f eas ib l e  method of fas ten ing  the source t o  the wheel, 
suggested the  use of a set of screms Tecessed i n t o  the s i2e  of t he  source container  
a t  an ar,gle of approximately 30 degrees nith respec t  t o  the  v e r t i c a l  axis of the  
container.  &. Stober stated that to scretj m e x t e r n a l l y  threeded source container  

BJr. S t i c h e y  s a i d  t h a t  there  must be some vey of fas ten ing  the  

lk. Gil lesp ie  

t 1 3 5 2 9 3  
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i n t o  pos i t ion  would requi re  s p c i a l  t oo l s  t o  make changes from one un i t  t o  another,  
and suggested t h a t  the locking device be a -mrt of the head, 
anyone 7:;ith knowledge of hoa t o  unlock the device could  r ead i ly  t r a n s f e r  o r  f i e i d  
load  souzces. 
Xeleket design a d  the Canadian design, j u t  t h t  it doesn ' t  q u i t s  f i t  the Picker 
uni t  . 

Fiith such a des iea  

It m s  gointad out, t h a t  t h i s  suggestion vas conpatible with the 

The discussion rever t sd  back t o  the problem cf s izes  and D r ,  Brucer mnted  
t o  horn vhether a 3 c e n t i n s t e r  s o c o e  Noad be standard from Canada. D r .  L i l l i e  
s t a t ed  t h a t  the Canadians would continus using s o w  vafers .  D r ,  idoffett pointed 
out 
ble u-d  it wolfid be f eas ib l e  t o  use smaller size. sources. Dr. Erucer pointed out 
t h a t  if there  is  going t o  be s tacdard iza t ion ,  it is s t i l l  des i rab le  t o  keep the 
s o u c e  container  as l a rge  os poss ib le ,  since, i n  the event of heavy demnd f o r  war 
materials, the X-ray indus t ry  could then r e s o r t  t o  low energy cobal t ,  

t h a t  probably within a p a r ,  highar s p e c i f i c  a c t i v i t y  cobal t  rould be avai la-  

h l r ,  Wagner questioned the p m s i b i l i t y  of  cracks occurring in the s t a i n l e s s  
steel. cup previously discussed, 
s t a i n l e s s  s tee l  cup couid be d r a m  without m y  breeks occurring i n  the face o r  
wall of  the cup. 

Wz. Gi l l e s s i e  2nd Lir. ' ie l lborn agreed t h a t  the 

This statement assumed ii min inu  mall thickness  of 10 ails, 

The question came up again about iio?~ t o  e l iminate  +he outs ide thraad on 
the s o u c e  capsule End h i r .  R o l l s t e i n  sa id  tiie Picker X-%y Company could d e s i g  
t h e i r  machine mithoat these outs ide screxso  
the bes t  ?rocedme, 
much safer, because the coc ta iner  would have t o  back out  s e m r e l  times, whereas 
the s e t  s c r ~ w  could nake orie or  txo tu rns  an6 t'ne ccnbainer n o u d  f a l l  out ,  XrO 
Stcber wanted t o  know ~4iy i t  Tias deelliea advisable t o  f a s t e n  the container co the  
source .;lhcel, 
'?y tine aarnss Conpany? Tc d i scuss  the r e a  f a c t o r  tiie grou? m d a  the assumption 
;hat a te le therapy  source i-!heel v o d d  nake a revoiut ioo 40 t i n e s  a day, 365 days 
a year. 
capsale could be a f r e e  f l o a t i n g  bearing. 

They- s t i l l  f e l t ,  hGTJeVer, t h a t  i t  YJas 
M r ,  Stickneg sa id  he s t i l l  f e l t  that, the ex te rna l  thread vias 

my not have the containel. f l o a t i n g  2s a f ree  bearing 2s suggested 

I'liti? t h i s  magnFtu2.e cf a T;ear problem, it vas f e l t  t h a t  ti-ie so-ace  

Mr. Carxiher s+xited t h a t  a f r e e  f l o a t i n g  sou-rce capsule :;ou.ld r o t a t e  with 
tke opening of the zouTce viheel, and ssked whether t h i s  r o t a t i o n  would change the 
source isodose pat tern.  
not ind ica te  any change i n  isodose Fat terns .  

is. CarraLer \?as b f o m e d  t n a t  curreiit measurements do 

There was considerable d i s c m s i o n  around a l l  o f  the designs >resented and 
one des ign ,  enboclyiq f e a t w e s  of each, rapidly took shape. 
ex te rna l  piece,  a;l in te rne3  cap ax?  an i z t e r n a l  p7cg. 
not requi r ing  nar i ipda t ion  of the i n t e r n c l  ;arts a f t e r  loadirlg. 
be placed on the i n t e r n a l  pa r t s .  
p r a t e s b d ,  
c r i t i c a l  dimensions. 
gxement,  a-nd t h a t  nas on the proj lem of the ex te rna l  screw thread. 
t o  Se 1/8 inch ava i lab le  on the  ext;erml surfacs nhich could be used f o r  some kind 
Gf a fas ten ing  device. 
within t h i s  118 inch. I n  the problem of  the height  of the container ,  i t  appeared 
that it might be necessary and ciesirable t o  add a shor t  add i t iona l  iength  f o r  tie 
i n t e r p a l  screw thread, 

It consis ted of one 

No s t r e s s e s  can 
It has the advanzzges of 

There is  a t i i in face i n  ;he cup FJiiliCi? can be 
It has only +&res ?arts. It afr 'crds exce l l en t  sh ie ld icg  in a i l  

It has a dGuble sea l .  Only on one point vas there  a disa- 
Thsrz appzared 

1.k. St ickney agreed t o  attercpt t o  7.-ior:L out  a so lu t ion  



Dr.  L i l l i e  requested t h a b a f i n a l  summary be made of the spec i f i ca t ions  
~ 

agreed upon, and Lr. Stickney was requested t o  prepare a sketch of the con ta ine r  
(see Fig. 1). hlr. Gil lesp ie  suggested t h a t  the group make f i n a l  approval a f t e r  a 
design vas drzwn t o  scale  by h i r .  Stickney, 

POST-MEETIiJG MOTE 

I!k, Stickney has d r a m  the suggested source capsule t o  sca le  and has added 

It was 
the necessary materials and size spec i f ica t ions .  
that they can include the exter.nal Acme scmn  thread i n  the allowed scace, 
found necessary t o  add the 1/8 inch ex t r a  length  t o  give an adequate number of 
threads cn the  i n t e r n a l  plug, 
outar  s leeve,  the cap, and one l ead  ring. 
holding the assembly loose ly  together. 
r i ng  and the ?lug can a l s o  be made ahead of time. 
handled with the renote w n i y i l a t o r s ,  
the ueeting. 

The Picker engineers  have found 

It i s  intended that a sub-assembly be made o f  the 
The lead  r ing  is  exFanded i n  place 

k second sub-assembly of the other  lead  

Othervise, the design is  as determined i n  
Thus, o n l y  two pieces have t o  be 

The external thread decreases  the sh ie ld ing  by only a m a l l  percentage and 
in e s s e n t i a l l y  the saae pos i t i on  as allowed by the  sirigle depression using a set  
screw, Since the hole ie ia a non-cr i t icz l  z r ea  it is of  l i t t l e  consequence and 
has the  advantage of a l lon ing  a screwei-in source capsule f o r  those !-rho so  des i re .  
The suggestion has Seer? made tha% each source capsule be stan?;ed a i t h  a suppl ie rs  
i d e n t i f i c a t i o n  code and a nmbeiq on 50th f r o n t  and r e a r  faces  so  t h a t  a posi t ive 
i d e n t i f i c a t i o n  can he mde with E mirror and telescope e i t h e r  i n  pos i t ion  or i n  
the shipping container ,  and t h a t  records be kept  on eech source. 

These minutes ail1 be d i s t r i b u t e d  a s  suggested i n  the preliminary notes. 
If no ser ious  object ions a re  voiced vre vi11 publish the design a s  a j o i n t  
recommendation next January. 

,, 
7 /,& 

. .<{ - 
Marshall Brucer, X.D 
Chairclzn 
The Me3ical Civ is ion  
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December 14, 1953 

TO: ALL MEMBERS OF THE TELGTHEXWY EVALUATION B a r n  

SUBJECT: AGENDA FOR THE A W A L  MEETING OF THE TELETHEFWY 
EVALUATION BQARD 

I T e x a s  - pl& yl;CG 13 6 Y d n c  17 + R D b c r t  N *  C Q O ) ~  1 M .  0, - ' U - N l J .  g !  

The current members, a ternates and consultants t o  the Teletherapy 
Evaluation Board a re  as follows: 

Members & - - &&&-_Gray-School of Medicine 
Alternates : s = ORINS Medical Division 

* i  

i 
rslly,Jv,, N ~ D ,  - * CvefIphfg/v I_ - -  ~~~~e~~~ ~ ------- 7% 

+Walter J. Surdette, M.D. - 'Louisiana -- -._ State  - University 
+David S, Carroll, M.D. - TJgiversity. o f  -Tgppessee 
+ Vincent Collins, M.D a 

-k George Cooper, M.D . - # h i v e r s i J y  _of -Virginia 
&Gilber t  Ha r'letcher, M.D. - M.D. Anderson Hospital 
$Arthur C, Guyton, M,D, 

- Saylar University Graduate School ._.,_ _ _  - ". --- 

- University or" PlissisaiJpi - __l--l-x---- 

+H. B. Hunt, MOD. - UJijegz-ity of Nebraska 

& L o  - , Urive_rs>&f- o f  -Southern-California, 
Ced-5 Of - .University of Louisville os p i .tu 1 +Herbert D . X e r m a n ,  1I.D . 

+James E. Lofstrom, M.D. - I Idape ,University 
4-C. C, McClure, LD, - I vand-erhilt i ~ n i v e r s i ~ y  
*Frederick E ~ d e v i l l e ,  M,D - - gdical-College --- o f  V l r g i n k  
+Isadore Neschan, M.D, - * U&yer-si ty-_of Arkansas 

$-Robert Reeves, M.D. - El&e Univer-s$$x 

$-Sidney Rubenfeld , M.D. - Eellevue Medical Center 

c_- - 

-trl 
-L -a. 

07, F?/f'Cd Z g y N e  6 +Paul Riemenschneider, M.D. - Sflacuse Menoi-ial Hospital - ~ b i d i c a l  CoUegs of  Alabpa -kWiUian H, Riser, M.D e 

-/-Galen M, Tice, M.D. - Udxars_ity--pf Kansas 

S H .  Stephen Weens, M.D. L_- 

-_---- - -  

- hory-JUg,iJler-s-itiy 

Consultants: Carl B, Braestrup 
Clayton Hale -. Syracuse Memorial Hospital 
Kenneth R e  Loeffler - Jefferson Davis Hospital 
S. A l l a n  Lough - Francis Delafield Hospital 

. -  + 
* 2 - -J .' .- % 
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The agenda for the meeting is as follows: 

1. 

2. 

Adoption or revision of Bylaws of the Teletherapy Ebaluation Board. 

Review of minutes of the Subcommittees, 

a. 
b. 
C. 
d. 
e. Subcommittee No, 5 - Clinical Program 
f. 

Subcommittee No. 1 - Source Evaluation and Shield Design 
Subcommittee No, 2 - Small Source Design 
Subcommittee No, 3 - Rotational Methods 
Subcommittee No. 4 - Housing Design 
Subcommittee Ifo. 6 - Clinical Physicists Training *o!Fam 

D r .  Rubenfeld w i l l  be asked to present the Subcommittee No. 5 work. 
Dr. Hoecker w i l l  be asked to present the Subcommittee No. 6 work. 
Jaffe w i l l  be asked to present his solution on the Subcommittee ?Jo. 4 
problem. 
of the problems it involves will be presented by Dr. Rrucer. 

Dr. 

A new simplified system f o r  determining room shielding on some 

3.  Review of the actions of the ESrecutive Committee not previously 
discussed in Subcommittee reviews. 

a. 
b, 
C. 

Statement of purpose of TEB published in Radiology 
The proposal f o r  an AEC contract 
The Barnes contract for t h e  prototype machine 

4 .  

5 .  

Current membership on the Teletherapy &duation Board. 

Rection of Chairman of the Teletherapy Evaluation Board. 

6. Election to membership on t h e  Fxecutive Committee. 

In the absence of an approved method, the vote w i l l  be 
taken as suggested in t h e  current proposed I3glaws. 
Brucer w i l l  meet w i t h  t h r e e  members prior to the meeting 
to forn a nominating committee. 

Dr. 

70 Additional business of the Teletherapy ,%hation Board. 

The Ekecutive Committee will add to o r  revise this agenda at 
its meeting prior to the meeting of the entire TFB, ilembers 
of the TEB are requested to send in suggestions for additional 
items f o r  discussion on t h e  agenda within t h e  next week. 

1 1 3 1 0 2 9 8  





Members present: D r ,  C. C. i.IcClure - Vanderbilt University 
Dr. Zerbert D. Xeiaan - University of Louisville 
Dr.  Robert Reeves - Duke University 
Dr.  Galen i.i, Tice - University of Kansas 
Dr .  Carl Numberger - University of Tennessee 
D r .  1.Iarsliall Brucer - ORDJS Ikdical' Division 
Dr, Sidney Ihrbenfeld - Bellevue Mediczl Center 

The Chairman of the executive committee opened the meeting rrith a revien of 
an agenda prepared bj the executive committee f o r  submission t o  the Teletherapy 
Evaluation Board,- 

Item 1. Byfans. Discussion vas delayed f o r  a detailed report  or" Item 2. 

Item 2, Revien of minutes of subcommittees. Dr .  Brucer made a sunnary of the 
no&' of the ~ u ~ ~ c o m i t t e e s .  

A .. 

B. 

c. 

D. 

Subcommittee No. 1, Source Evaluation and Shield Design, has not 
ye t  completed t h e i r  or iginal  assignment, It ras sugzested t h a t  
this subcormittee be continued for fur ther  study and evaluation 
o f  data t o  be collected from the hec tocuie  teletherapy uni t  and 
t h e  kilocurie rotat ional  teletherapy unit. 

Scbconnittee Ro. 2, Smll Source aesign, has designed and approved 
a lov curiage teiethernpy uni t  riiicli has been manufactured by tile 
W. F,& John Sarnes Conyny of Xock'ord, I l l i n o i s ,  and offered f o r  
sale  by the Kele4et L r a y  Corporation. 
resulted i n  a un i t  price exceeding the ear ly  cost estimates. 
vas recomiended t h a t  the subcommittee be continued t o  study other 
designs v i th  an attempt to  obtain a hectocurie unit a t  one half 
the present cost  of the Earnes unit ,  

The or iginal  design has 
It 

Subconmittee Bo. 3, 2otational iiethods, has not been able t o  
function because a rotational. unit has not been available. It i s  
exTected tha t  the subcomittee rill begin i ts  study i n  the l a t t e r  
half or" this calecdar year. 

Subconi t tee  1To. 4, Bousing Jesign, has comyleted a se r ies  of 
studies on housing d e s i p  poblens ,  a d  the rei3ort has been used 
by the University of Southern California :or desirpin;; a room t o  
house the teletherapy unit manufactured by tiie 8, F. eS John Barnes 
Company. Ix.; Jzf fe  rriU present r'or fnrYher study h l s  adaptation 
of sFace t o  house tiie iiectocurie unit a t  the Cedars of Lebanon 
Hospital.. It r:as f e l t  t ha t  the f a c i l i t i e s  had been over designed 
resul t ing in a mucii iii&er cost  than or iginnl ' ly  anticipated. 
vas recormended that  t h i s  subcomittee cor,thue i t s  e f for t s  t o  
simplify the design c r i te r ia .  
housing design be presented t o  the T;=5 r i t h  the suggestion t h a t  
the Soard authorize Subcommittee No, 4 t o  accept this design a s  a 
bes is  f o r  fur ther  s t q .  

It 

It  as sugzes'ced tha t  D r ,  Jaffe 's  
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E. Subcommittee No. 5 ,  Clin ica l  ?rogam, rill report  t o  the T E 3  on 
the  e f f o r t s  and recommendations of t h i s  subcommittee through the 
chairman, Dr, Rubenfeld. 

F a  Subcommittee No, 6, Cl in ica l  Phys ic i s t  Training Trogram, r.511 make 
i t s  report  t o  the Eoard tliroagh D r .  Eoeclcer. 
tee vas informed t h a t  the Board of Directors  of the  O d c  Ridge 
I n s t i t u t e  of ITuclear Studies  and the  United S t a t e s  Atomic Znergy 
Conmission had made ce r t a in  recomeiidations ri i t i i  respect  t o  the  
program of t h i s  subcomaittee. 

The executive commit- 

Item 3, Actions of the executive committee not  Freviously discussed i n  sub- 
committee r ev iew,  

A, Tile statement of purpose of the TEB published i n  Radiolorn reqllirec 
no act ion by the  executive committee, 

B e  The groposa l  f o r  t he  AZC contract  qas t o  be discussed but  required 
no i m e d i a t e  act ion by the executive comiittee. It ;:as pointed 
out  t h a t  t h i s  proposal i s  an obl igat ion f o r  each univers i ty  and 
t h a t  the members ?resent  nouid be inzormed about the p o p o s a l s  
t h a t  had been submitted. 
pared t o  discuss  any question ra i se& by nember in s t i t u t ions .  

The executive committee & o d d  be pre- 

Item 4 .  Current TEB membership. 
required. 
the TEB and t h a t  there  r:as a noss ib i l i t y  of t::o addi t ional  medical 
schools requesting meribemhi:) sonetine 7.ithi.n the nex- fu ture .  

No act ion by the executive c o m i t t e e  nas 
D r .  Brucer reported t h a t  no i n s t i t u t i o n  had !-!ithdrann from 

Item 5. Elect ion of Chaim.an of the TB. 

I t e m  6, Election t o  membership on '&e executive cornnittee. 

Item 7. Additional business of the  TEE. 

Items 5, 6, and 7 did not require consideration by the  executive cornnittee 
except as they re la ted  t o  the  provisions of the bylans t o  be studied and recornended 
t o  the Board, January 10, 1954, 

A t  t i i s  point, D r .  h b e n f e l d  suggested t h a t  the T B  give serious study t o  the 
costs  incurred i n  t r e a t i n g  pa t i en t s  r i t h  te le theragy mits a s  compared r i t h  the  cos ts  
os" conventional X-ray therapy. 
Board of ibdiology t o  undertake a stud;. t o  deternine tile over-nl.l cost  of rad ia t ion  
therapy, comparhg conventional X-ray cos ts  d t a  e s t h t e d  teletfieragy costso 
Brucer stated t h a t  such a stuiiy nould e n t a i l  considerable cos t  and e f f o r t  and asked 
rrhether any member of t h e  executive committee had a suggestion about hon such a 
pro jec t  could be s t a r t ed ,  
be valuable; honever, he d id  no t  believe the study Ea8 a function of the  executive 
committee o r  the  m e  

t i v e  committee's carefu l  de f in i t i on  of the  scope and object ives  of such a p o j e c t ,  
Dr.  Brucer reported t h a t  such a study had been made and it vas found that the  cheap- 
e s t  u n i t  t o  ge t  and operate rras a 250 kv X - r a y  machine. %en consideration i s  given 
t o  the usefulness f ec to r  in terns of depth dose, honever, the  kilo-cesium teletherapy 
achine appears t o  be the most econonical, x i t h  cobal t  te le therapy units f a l l i n g  i n  

He made a motion t h a t  t he  TI3 request the knerican 

D r e  

D r ,  Xerman ?:as of the opinion t h a t  such information rrould 

D r .  Erucer s t a t ed  t h a t  such a request could require  the execu- 
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second place, and high energy accelerators folloning, 

D r ,  Brucer was of tlie opinion tha t  the Ikdical  Research Council of England had 
made a study but that the i r  report  had not been published. 
might be north nhile t o  learn vhat information i s  available f ron  surveys made 6 o r  
8 years ago by the Blue Shield and agencies advocating socialized medicine, 

It vas agreed tha t  any attempt t o  make the study suggested by D r ,  Eubenfeld 
should be very broad and should include a l l  cost  fac tors  such a s  admicistrative 
costs; overhead and maintenance; and procurement of f a c i l i t i e s  such as  equipment, 
r e a l  es ta te ,  building, land, etc.  
t o  give consideration t o  the amount or" time the X-ray and teletherapy equipment i s  
used. D r ,  Tice quoted from a previous report by D r .  iioecker shoving that  the time 
varies  grea t ly  Tnth d i f fe ren t  machines and ins t i tu t ions ,  

2r. Xeeves s ta ted it 

Dr.  Tice a l s o  pointed out t h a t  the cost rrould have 

D r ,  McClure said he thought that a large number of people might be in te res ted  
in such cost  data and t h a t  it vould be desirable t o  have a detailed study made. 
Reeves s ta ted  t h a t  the Dean of the Duke University Idedical School had, Tithin the 
past tno or  three neeks, requested such irdormation to  j u s t i f y  the purchase of a 
teletherapy un i t  f o r  t ha t  university, Dr, Kerman, f o r  t he  p rpose  of discussion, 
agreed t h a t  the informatior, might be north collecting; hor!ever, he 7:ianted t o  lmon 
hon an organization nould go about collecting the ir3orrna"von and horr i t  nould be 
possible t o  get a reasonable application of the data once it is  available, 
Brucer thought the cost  data ~ o u l d  !iEve to  be e q r e s s e d  i n  cost pe r  roentgen depth 
dose. 
honever, t o  use other fac tors  such as  syJace, amount of maintenance, etc.  

p rac t ica l  application of teletherapy units,  the 
College of Radiology t o  furnish any infornation availeble on the re la t ive  cost  of 
radiation therapy, giving comparative costs of private and inst i -ht ional  radiat ion 
therapy", The motion vas seconded bj Dr.  McClure and carried by a unanimous voice 
vote. 

D r .  

Dr. 

This should be a fairl;. ezsy cost estiraate to  obtain; it rrould be necessary, 

D r ,  Ihzbenfeld modified h i s  motion to  read: "In order t o  properly evaluate the 
sha l l  request the American 

Folloning adjournment f o r  lunch, the executive committee began a detailed study 
of a proposed s e t  or" bylam f o r  submission to  the TEB. 

The preamble of the bylacs vas accepted a s  m i t t e n  i n  the proyosed draft, 

Article I, IJembership: D r ,  Kenan suggested tha t  tlie members!iip requirements 
read: 
mittee and approved by the Teletherapy Evaluation Board". 
suggested chulge m s  approved. 

I t e .  ,, ,other i n s t i t u t ions  recornended by the Executive Com- 
The 

Article 11, Ins t i tu t iona l  Eepresentation: This section vas agroved r i t h  minor 
modifications i n  nording. 

Art ic le  111, Porrers of the Teletherapy Evaluation Board: 

Paragraphs 1 and 2 qere approved as mitten excent f o r  the addition 
of a sub-item Thich delegates t o  the TEE? the authority "To e l e c t  
nen member in s t i t u t ions  to  the Teletherapy Evaluation Eoard", 

ParagraiJh 3 m s  ayproved a s  m i t t e n  in the proposed draf t ,  
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Elect a person t o  ac t  as Execu- 
Paragraph 4 vas amended t o  add the follorring: 
Evaluation 3oard sha l l  n,....., b, 
t ive  Secretary f o r  one year" , 

The Teletherapy 

Paragraph 5 was approved a s  m i t t e n  ( l a t e r  amended by action of the 
Board) . 
Paragraph 6 vas amended t o  read: 
of the Board shall s t a t e  the purpose o r  purposes of the proposed 
meeting". 

llr.. . . .A request t o  c a l l  a meeting 

Art ic le  N, Membership of the Executive Gommittee: 

Paragraph 1 vas amended to  read a s  follorrs: 
tee shall consist  of seven persons and the Executive Secretaly t o  
the Board, The secretary shal l  not have a vote on Executive Gom- 
n i t t ee  actions, 
quorum f o r  transacting business1*. 

**The Exec;ltive Cornit- 

A majority of the committee s h a l l  const i tute  a 

T'aragraph 3 ras accepted 75th minor modifications i n  nording. 

Paragraph accepted s i t l i  minor modifications i n  nording, 

'aragraph 8 r;as modified t o  read: Itthe Executive eonnittee s h a l l  
meet a t  the c a l l  of the Chairman o r  a majority 03 the Comnittee 
a s  often a s  necessary and in any event not l e s s  than tvice during 
the calendar yeartt. 

Paragraph 2 original ly  read: 
Committee sha l l  have E t  l e a s t  one 2erson from the Oak Bidze Inst i -  
tute of Nuclear Studies, a t  l e a s t  one phj'sicist, and a t  l e a s t  f o u r  
persons from member inst i tut ionsOt1 
Dr, Rubenfeld 2ointed out t ha t  this nould Termit a person from a 
nonmember. i n s t i t u t ion  t o  serve as  an appointee on the executive 
committee, Dr. Brucer agreed t h a t  t h i s  r a s  correct. He then 
referred t o  the provision of the Ins t i t u t e  Bylaw rrhereby the 
Council has elected persons from nonaffil iated in s t i t u t ions  t o  
serve on the Board of Directors, Dr, 3ubenfeld expressed strong 
objections t o  such a procedurs, and s ta ted that,  in h i s  opinion, 
no person should serve on the executive committee unless he vas a 
representative from a member ins t i tu t ion .  
the folloning motion: T h e  membership of the emcutive committee 
sha l l  consist of the Chairman of the ORINS iiedical Division, one 
physicist  from a member ins t i tu t ion ,  an6 f ive  persons from the 
Teletherapy Evduation Boardll, Dr, Ihrnberger observed tha t  if 
%ember inst i tut ions1* included the Oak Udge Ins t i t u t e  of lfuclear 
Studies then Dr, Rubenfeld's motion nould permit O R N S  t o  have t r o  
members on the executive committee. Dr, Srucer s ta ted tha t  the 
or iginal  nording of the bylam had been selected t o  guarantee t h a t  
the executive cormittee menbership nould have a t  l e a s t  one person 
from the O a k  Aidge  Ins t i t u t e  of iTudear Studies, a t  l e a s t  one 
physicist, and a t  l e a s t  four  persons from nenbers ins t i tu t ions ,  
this mmier, the TEB nould alnays have a majority representation and 

!'The membership of the Executive 

Then t h i s  paragra3h nas read, 

Dr, hbenfe ld  then made 

In 



5 

a t  the same time nould have freedom of se lec t ing  eminently qua l i f ied  
Dersons t o  serve on the  executive c o m i t t e e ,  It vas DT. 2rucer 's  
bpinion t h a t  t h i s  assured majority nould gparantee the i n t e r e s t  of 
the member i n s t i t u t i o n s  and nould leave the Board considerable f ree-  
dom i n  e l ec t ing  executive corn i t tee  members. D r ,  iiubeilfeld's motion 
vould be l imi t ing  the Board i n  i t s  freedom of action, r i t h o u t  
accomplishing any addi t iona l  safeguards f o r  t he  interest  of the 
member in s t i t u t ions .  For e,uample, the  TEB can alrrays e l e c t  only 
members of the  Board 3 t h a t  should be t h e i r  nishes;  D r .  Rubenfeldts 
motion, however, nould prevent the Board from ever e l ec t ing  a non- 
i n s t i t u t i o n a l  representat ive n i thout  a tno-thirds  vote t o  amend the 
bylans, D r .  Tice and Dr. Reeves f e l t  majority representation on the  
TEE! could be assured by vote of the TEEi, 

Dr. I1urnEerger again sugzested t h a t  the executive cormrittee should 
represent  a s  mar,y d i f f e ren t  i n s t i t u t i o n s  a s  possible r a the r  t h a  
being dominated by more than one representat ive from any i n s t i t u t i o n  
It vas suggested t h a t  Dr, iiubenfeld amend h i s  motion by adding 
"There s h a l l  be only one member from any one inst i tut ion1I ,  

Dr.  LicClure nanted t o  !-cor; nhether the executive committee could 
obtain tile services  of recognized au tho r i t i e s  on a consultant bas i s ,  
It '.?as s t a t ed  t h a t  t h i s  provision vas avai lable  t o  the TE3, t he  
executive committee, and all subcommittees. D r ,  Kerman f e l t  t h a t  
the executive co rn i t t ee  shoald have f i v e  members f r o m  the TIB a t  all 
times as a &najority t o  guarantee the  ac tua l  control  of any policy 
per ta ining t o  Lthe ED, It mignt be desirable,  honever, t o  get  nore 
freedom of act ion and a Sroader understanding of problems involved, 
if nonins t i tu t iona l  L3ersons serve a s  neabers 0; t he  executive con- 
mittee. 
committee t o  serve the i n t e r e s t s  of t he  meuber un ive r s i t i e s  and if 
there  were doubts t h a t  this could be done by outside Eeinbership on 
the committee, then 3r. Brucer's recowendation should be disregard- 
ed and Dr .  Rubenfeld's motion should be acce2ted. 
honever, did not  f e e l  tha$ it r:ould make too much difTerence inas- 
much as control  of pol icy rould s t i l l  res t  i n  the aa jor i t j  represen- 
t a t i o n  of members f r o m  the TEB, 
t h i s  vas a conrmittee of the  TEB and, therefore,  it should contain 
only representat ives  lrom the  Eoard. 

He s t a t ed  t h a t  it is the r e saons ib i l i t y  of the executive 

Dr. Iierman, 

D r ,  Rubenfeld a@a s t a t ed  t h a t  

D r ,  Nurnberger offered an anendment t o  h. hbenfe ld ' s  motion t o  
read: 
the Chairman of tile ORINS !?edical Division, one i lhysicist  f rom a 
member i n s t i t u t i o n ,  f i v e  persons from the TEB, and not more ,than 
one person from any one menher ins t i tu t ion tJ .  
seconded by Dr. ElcClure and unanimously car r ied  by voice vote? 
Ru'hnfeldls amended ;lotion vas then seconded by D r .  Tice, The 
motion vas then voted dom by a vote of 5 t o  2. 

Dr. Brucer s h t e d  t h a t  ii-iasriiuch a s  there  m r e  strong oginions in 
favor of t he  defeated motion, he recommended t h a t  the  discussion of 
the notion, and the or i , - inal  nording of the Sylars,  be presented t o  
the full TEE f o r  %heir  action. 
unanimous approval of th.e executive corn i t tee ,  

IlThs cembership of the executive cormittee sliall consis t  of 

The amendment vas 
Dr. 

This recomneiidation met ~ t l i  the  
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Paragraph 5 vas amended t o  read: 
appointed t o  the Executive Go-mittee s h a l l  have one vote on i t s  
ac t ions  regardless  of t h e i r  qua l i f ica t ion  * t o  vote on Board actions",  

11.411 persons duly elected o r  

Article V, Toners of t he  Executive Comnittee: This  sect ion vas approved n i t h  
minor rilodif i ca t ion  i n  nording. 

Ar t i c l e  V I ,  Membership of the Subcommittees: 

Paragraph 5 vas approved n i t h  n inor  modification i n  17ording. 

Paragraph 1 Eas amended t o  read: 
be appointive by the Executive Committee o r  3y the Eoard". 

l%Iembership t o  subcommittees s h a l l  

The executive committee agreed unanimously t o  de l e t e  the sentence: 
!]The rnem'bership of each subcommittee s h a l l  'ce l imited t o  a naximum 
of nine personsll, This 2zregraph o r ig ina l ly  contained the same 
provision Cor membership reixesentat lon as suggested f o r  the  execu- 
t i ve  com;nittee, Dr, Xubenfeld again brought wg f o r  discussion the 
adv i sab i l i t y  of l i u i t i n g  membership OR subcommittees only t o  persons 
from member in s t i t u t ions ,  Ke asked D r ,  Erucer if, i n  h i s  ana lys i s  
of the function of these subcomnittees, it could be arranged f o r  
consultants t o  corm i n  from time t o  t i n e  foi- discussion on the  nore 
comple:: problems under considerztion, Dr, Erucer s t a t ed  t h a t  t h i s  
had been the pro'cedure folloneci during t h e  past  y e a ,  
s t a t ed  t h a t  on the inv i t a t ion  or" some subcommittees there  had been 
inv i t a t ions  extended t o  i n d u s t r i a l  r e p e s e n t a t i v e s  t o  s i t  i n  on 
various meetings. 
occasion t o  c a l l  i n  any r a l i o l o g i s t s  o?: physicis ts ,  ik, Brucer 
pointed out  t h a t  r s c io log i s t s  and phys ic i s t s  could. have heen ca l led  
in but so  f a r  a s  he remembered they had not, inasmucn a s  there  m s  a 
r ad io log i s t  o r  physicis t  present a t  each subcommittee meeting, D r ,  
RuZenfeld s t a t ed  t h a t  he nas t ry ing  t o  decide f o r  himself vhethar 
subcommittee membershi? should be l imited t o  members of the Board 
rrith the  pr ivi lege cf c a l l i n g  i n  outside consultents nhen the 
necessi ty  arose, 
a z e e d  t h a t  rembersnlp on the  subcommittees skould be decided by 
the TEEl. 

He also 

Dr, 3uixmf'elcl asked :?hether there  had been any 

Folloaing t h i s  discussion, it aas unanic,ously 

Paragraph 6 nas amended t o  read: 'The au thor i ty  of the subcomi t tees  
i s  i n  making recomendations t o  and advising the Executive Committee'! 

Paragragh 2 vas accepted n i t h  ninor modifications i n  nording. 

Brticle VII, Travel Policy: This a r t i c l e  vas ado?ted n i t h  minor modifications 
i n  nording, 

Article VIII, Consultants: This ar t ic le  mas adopted v i t h  minor modifications 
in nording, 

Article IX, 3 b l i c n t i o n  Folicy: This art icle vas deleted f r o n  the yoposed 
bjlars 'b:r unanimous conseiit, 

Article X, Amendment o r  Scspension of Bylaws: This a r t i c l e  i7as adopted as 
o r ig ina l ly  r.~i",en. 
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Folloiring a shor t  revierr of the year 's  activity the committee adjourned. 

Ibarshall Brucer, B.I.D. 
Chairman 
The Teletherapy Evaluztion Board 



December 14, 1953 

TO: ALL ?+iEBERS OF THE EXECUTIVE C@NITTEX OF THE TELETHERAPY 
EVALUATION BOARD 

SUBJECT: AGENDA AND CALL FOR MEECING OF THE EXBXTIVE CCPlMITTEE 

Marshall Bmrcer, M.D. - ORINS Medical Dfvision 
Herbert D. Kerman, M.D. - University of Louisville 
C. C. McClure, M.D. - Vanderbilt University 
Robert Reeves, M.D. - D u k e  University 
Sidney Rubenfeld , MOD - Bellavue Medical Center 
Galen M. Tice, MOD. - University of Kansas 
Carl Nurnberger, Fh,D, - University of Tennessee 

The BKNal meeting of the Teletherapy Evaluation Board w i l l  be 
preaeded by a meetinq of the Ekecutive Committee on Saturday, 
January 9, 1954 at 9:OO a.m. i n  the Conference Room of the Medical 
Division, ORIXS, oak Ridge, Ternassee. 

The agemla f o r  the Ekecutive Committee meeting will be as follows: 

1. To review the agenda f o r  the annual meeting of the S o a d  
and t o  suggest addi t ional  items f o r  discussion. 

2. To review the Bylaws of the Teletherapy W G t i o n  Board. 

3. To make reconnendations for  the 1954 S u b c d t t e e s .  



December 14, 1953 

TO: ALL NENEIm OF THE TELETHERAPY EVALUATION BOARD 

SUBJECT: AGE3DA FOR THE ANNUAL MEEZING OF THE TELGTHERAPY 
EVALUATION B O  

The current members, a l te rna tes  and consultants to the Teletherapy 
Evaluation Board a r e  as follows: 

Members & 4. Robert Andrews, E1.D. II 

Alternates: CMarshall I 3 r u c ~ ,  M.D. (.L 

-%avid S. Carroll ,  M.D. - 
d i n c e n t  Collins, M.D. - 
&eorge Cooper, M.D. 

UGilbert H. Fletcher, M.D. - 
- . A r + . h r c . 2 . D .  - 

U F k a n k  E. Hoecker, Ph,D. - 
34, 2 .  €k&l 9 

d o h n  A .  Isherwood, MOD. - 
gHerbert D. iiar~an, M.D. - 
James E. Lofstrom, M.D. - 
ei’C. C. NcClure, M.D. - 

b, - 
-41, P1.D. - 
& C y 1  E. Nurnberger, Ph.D. - 
WRobert Reeves, M.D. - 
&aul Riemenschneider, M.D. - 

‘dney Rubenfeld, M.De - 
len M. Tice, M.D. - 

k3’oh.n Tolan - 
4. Stephen Weens, M.D. 

-** 

v 

c# be? I d  

;.Henry Jaffe, MOD. 
./James F. Kelly, Jr., M.D. - 

I* 

/t.J l l i a u  H. Riser, M.D. -. 

- 
2i 

- 
.I Consultants: 
0 - Kenneth R. Loeffler 
I 

Bowman Gray School of Medicine 
O R I N S  Medical Division 
Louisiana State University 
University of Tennessee 
Baylor University Graduate School 
University of Virginia 
MOD . Anderson Hospital 
University of Mississippi 
University of Kansas 
University of Nebraska 
Eaylor University Graduate School 
University of-Southern California 

Wayne University 
Vanderbilt University 
Medical College of Virginia 
University of Arkansas 
University of Tennessee 
Duke University 
Syracuse Memorial Hospital 
Medical College of Alabama 
Bellevue Medical Center 
University of Kansas 
3 o r y  University 

M. D. Anderson Hospital 
F’rancis Delafield Hospital 
Syracuse Memorial Hospital 
Jefferson D a v i s  Hospital 
&ancis Delafield Hospital 

h o l y  university 
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’ The agenda for the meeting is as follows: 

1. Adoption or revision of Bylaws of the Teletherapy Evaluation bard. 

2. Review of minutes of the Subcommittees. 

a. 
b, 
C. 
d. 
e. 
f, 

Subcommittee No. 1 - Source Evaluation and Shield Design 
Subcommittee No, 2 - Small Souroe Design 
Subcommittee No. 3 - Rotational Methods 
Subcommittee No* 4 - Housing Design 
Subcommittee Nor 5 - Clinical Program 
Subcommittee No. 6 - C l i n i c a l  Physicists Training Program 

D r ,  Rubenfeld w i l l  be asked to present the Subcommittee No. 5 work. 
D r .  H o e c k e r  will be asked to present the Subcommittee No. 6 work. 
Jaffe will be asked to present his solution on the Subcomittee No. 4 
problem. A new siinplified system f o r  determining room shielding on some 
of the problems it involves will be presented by Dr. bucer. 

D r .  

3 .  Review of the actions of the Executive Committee not previously 
discussed in Subcommittee reviews. 

a. 
b. 
C. 

Statement of purpose of TEB published in Radiology 
The proposal for an AEC contract 
The Barnes contract for the prototype nachine 

4. Current membership on the Teletherapy Evaluation Board. 

5 .  

6. 

Eleation of Chairman of the Teletherapy Evaluation B o d .  

ELection to membership on the Ekecutive Committee. 

Ln the absence of an approved method, t h e  vote will be 
taken as suggested in t h e  current proposed Bylaws. 
Firmer w i l l  meet with three Daubers prior to t h e  neeting 
to form a nominating committee. 

Dr. 

7. Additional business of the Teletherapy ,%luation Board. 

The Executive Committee w i l l  add to or revise this agenda at 
its meeting prior to the meeting of the entire TZB. ifembers 
of the TEE are requested to send in suggestions for additional 
items for discussion on t h e  agenda within t h e  next week. 



m W S  OF THE TELETHERAPY EVALUATION B O  

The Teletherapy Evaluation Beard is a co-operative program 

established for the purpose of investigating, developing, rrnd evaluating 

radioisotopes for teletherapy, 

the Qak Ridge Inst i tute  of Nuclear Studies under a prime contract with 

the United States Atomic Ehergy Commission. 

The Board functions are conducted through 

ARTICLE I 

Membership 

1. Membership on the Teletherapy i3Wuation Board is open to 

A.M.A. accredited four-year medical schools, the &k Ridge Institute of 

Nuclear Studies, and any other inst i tut ion recammended by the ESracutive 

Committee of the Board and approved by the Board of Directors of the 

Oak Ridge Insti tute o f  Nuclear Studies. 

ments are admitted by application and acceptance by the Board of Directors 

of the aak Ridge Inst i tute  of Nuclear Studies. 

membership shall pay the sum of $2,500 to the Oak Ridge Insti tute of  

Members who meet these require- 

Each insti tution holding 

Nuclear S t d i e s  for the purpose of partially defraying the  program costs. 

(August 8 Meeting, p.  4, Item 4, and June 3 Meeting of the Ekecutive 

Committee, p.6.) 

ARTICLE I1 

- Insti tutional Representation 

1. An exsoutive o m c a r  of each participating institution shall 
c .- 
L L J  appoint om voting member as its representative on the Board, 

known as a member of the Teletherapy Evaluation h a r d .  

He shall  be 
0 

Alternate members 

may be appointed as consultants t o  the Medical Division of the t$k Ridge 

Inst i tute  of Nuclear Studies on reommendation of the members, a d  shall be 

permitted t o  vote in the absence of the member. Other consultants may be 
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appointed to the Board upon recommendation of the Ekecutive Committee 

but shall not have voting privileges. The member or his alternate shall  

have the power to cast the vote of his institution and shall act for his 

institution on all questions relating to the teletherapy p r o m .  

2. The Teletherspy ihaluation Board shall investigate, develop, 

and evaluate radioisotopes for teletherapy for the purpose of advising, 

consulting, a d  recommending t o  the Cak Ridge Institute of Nuclear Studies 

a co-operative program to be conducted on a basis mutually agreeable to the 

participating institutions. 

Institute of Nuclear Studies a r e  conducted in accordance w i t h  the Institutets 

prime contract w i t h  t he  United States Atomic Ehergy Commission and are 

subject to aotion by the officers of the Institute. 

Actual programs carried out by t h e  Oak Ridge 

3.  Each representative s h a l l  serve for such period as may be deter- 

m i n e d  by the executive head of his institution, provided that such term 

of service shall in any event be limited to the period during which the 

institution he represents is entitled to menbership on the Teletherapy 

Evalucrtian Board, 

ARTICLE 111 

Powers of the Teletherapy Evaluation Board 

1. The Teletherapy Evaluation Board shall have the responsibility 

for directing a comprehensive co-operative program to investigate, develop, 

and evaluate radioisotopes for teletherapy. The bard s h a l l  elect an 

EStecutive Conrmittee w h i c h  shall have delegated parers 8s set forth in 

Article V. 

2. The Teletherapy Ehaluation Board shaU meet once each year: 

To request and receive f‘rom the Executive Committee such 

reports as it deems necessary or desirable. 

a. 

b. To confer with and advise the Ekecutive Committee on matters 

of policy. 3 b ’ J l O  



C. To review the progress of the Subcommittees, 

d ,  To elect members to the Executive C.,.mmit-tee. 

3 ,  The Chairman of the Teletherapy Evaluation Board shall appoint 

and meet with a t  least three members who a r e  not already mmbor3 of the 

Ekecutive Committee prior t o  the annual meeting to form a fio~-r.;-r,:ng 

committee. 

for the election of the Ekecutive Committee. 

Their nominations s h a l l  be presented t o  t h e  annual seetAng 

4 .  The Teletherapy Evaluation Board shall elect by majority vote 

one of its members to act as Chairman for one year. 

5, A majority of t h e  members of t h e  Board shall constitute a 

quorum st all meetings of the Board for transacting business, 

6, The Chairman may call special meetings of the Board whenever 

he deems it expedient or he shall call such meetings when requested to do 

so by the Ekecutive Committee. 

ca l l  a meeting of the Board shall state the purpose or purposes of the 

proposed meeting. 

A request from the Executive Committee to 

ART1CI;E IV 

Membership of t h e  Gxecutive Committee 

1. The Executive Committee sha l l  consist of seven members, arxl a 

majority of members present and voting shall constitute a quorum for  trans- 

acting business. 

2. Membership on the Ekecutive Committee shall be elected by a 
- 
I 

0- 

- 

majority of the Teletherapy Ehluation &ard members present and voting at 

an annual or called meeting. 

elected for a term of two years and shall be eligible for re-election 

except that the 1954 election shall elect three members for one year to 

w 
Members of the becu t ive  Committee shall be 

L . 1  

- 

a l l o w  overlap of appointments, 

3. When vacancies on the Emcutive Cummittee occur between meetings 

of the Teletherapy Zvaluation Board, the Ekecutive Committee may appoint 



qualified persons to serve as interim members until the next meetinz 

of the Board. 

4.  The aecutive Committee shall meet as often as necossayy and 

in any event not less than twice during the calendar yerr, 

5 .  The membership on t h e  Ekecutive Committee shal l  ham at least 

one person from the Qak Ridge Institute of Nuclear Studies, a*: leest one 

qualified physicist, and at least four persons from the member institutions. 

ARTICLE Q 

Powers of t h e  Executive Conunittee 

1. The Ekecutive Committee shal l  meet twice during t h e  calendar 

year or more often if necessary and shall have the following powers: 

a. To agpoint any and all Subcommittees necsssary f o r  organizing 

and promoting the teletherapy evaluation programr 

becutive Committee shall havs potre:? to define the scope 

of effort assigned to each Subcommittse, to delegate t o  each 

Subcommittee authority necessary for the performance of its 

duties, and shall have authority to disband any Subcommittee 

at its own discretion, Each Subcommittee shall, h writing, 

be fully identified by title and be given a statement of 

objectives f o r  which it was organized. 

To prepare an agenda for meetings of the Teletherapy Evaluation 

Board and any meetings of Subcommittees. 

To act in an advisory capacity to the bard o f  Directors of 

the Oak Ridge Institute of Nuclear Studies on use of the 

teletherapy fund. 

To act upon recammendations of any Subcommittee. 

The 

b. 

C .  

d.  

ARTfCU VI 

Membership of the Subcommittees 

1. The duties and organization of Subcommittees w i l l  be by action 



of the Executive Committee or by action of the Teletherapy Evaluation 

Board at its annual meeting. 

2. Membership to Subcommittees w i l l  be appointed by the Executive 

Committee. 

maximum of nine persons. 

The membership of each Subcommittee shall be lLmited to a 

At least one person shall be f’rom the Oak Ridge 

Institute of Nuclear Studies, at least one person shall be a qualified 

physicist, and at least a majority shall be from member institutions on 

each Subcommittee. 

3. The authority of the Subcommittees is in recommending and 

advising the Ekecutive Committee. Any person may be appointed to a Sub- 

committee on action of the Executive Committee without respect to member- 

ship on the Teletherapy Ltraluation Board. Voting on Subcommittee matters 

shal l  be informal and all participants of  the Subcommittees s h a l l  be allowed 

to vote whether or not they are from menber institutions. 

4 .  Subcommittee membership shall be reviewed by the Executive 

Committee prior to each annual meeting and reappointments or new appointments 

shall be made a t  the first meeting of the Ekecutive Cornnittee following 

each annual meeting of the Teletherapy Evaluation Board. 

A R T I C U  V I 1  

Travel Policy 

1. The expenses incurred by an appointed representative or his 

alternate, or by another appointed consultant, in attending official meetings 

of the Teletherapy Evaluation Board, the Ekecutive Committee, or any Sub- 

committee meeting shall be reimbursed by the Qk Ridge Institute of lulclear 

Studies in accordance with the representative’s consultant contract In 

-- - 
b J  

c 
CtJ - 
W 

existence at t h e  time of travel. For any official meeting of t h e  Board 

or its Subcommittees, expenses shall be paid o n l y  for the official 

representative tsr his alternate. At no time shall the expenses for more 

than one representative from any institution be reimbursed for any one 



meeting. (August 8 Meeting, p. 5 ,  Item 5.) 

2. For each meeting of the Teletherapy hb lua t ion  Board, the 

Ekecutive Committee or a Subcommittee, the Chairman of the Medical Division 

shall prepare f o r  each representative called i n  meeting a request f o r  

performance under the consultant contract  in  e f f ec t  between tha t  representa- 

t i v e  and the Ins t i t u t e ,  (August 8 Meeting, p. 5, Item 5 . )  

ARTICLE VI11 

Consultants 

1. Each par t ic ipat ing in s t i t u t ion  is ent i t led  t o  one representative 

on the Teletherapy Evaluation Board. 

spec ia l i s t s  t o  the  Oak Ridge Ins t i t u t e  of Nuclear Studies f o r  consideration 

i n  appointment t o  the Ins t i t u t e r s  staff of consultants. (August 8 Meeting, 

p. 5 ,  Item 60)  

Fhch representative MY racommeral 

ARTICLZ I X  

Publication Pol ic ies  

1, The publication pol ic ies  s h a l l  be those currently i n  e f fec t  for 

the  Medical Division of the oak Ridge Ins t i t u t e  of lhzclear Studies. 

i s  attached as  an appendix t o  these bylaws. 

A Copy 

ARTICLE X 

Amendment or Suspensim of B y l a w s  

1, The Bylaws of the Teletherapy f ia lua t ion  &ard may be amended o r  

suspended by two-thirds vote of the members present and voting a t  any 

given meeting, 

These B y l a w s  of the Teletherapy Evaluation Board of the &k Ridge 

I n s t i t u t e  of Nuclear Studies were adopted by the Board on 0 

Chairnan 
Teletherapy Balua t ion  Board 

S 1 3 b 3 1 4  



c' - D r .  Robert Reeves 

Dr. C. C. McClure - L k d - W ? a  

w Colonel John Ishemood 
u - q 3 + b J u  -d + 
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7. 

Dr. James Kelly, Jr. 
p,,+C, If - 8 1 ' .  

D r .  3, K. Loeffler 

Dr. William Riser, Jr. 
1 l k ; O  "> ~~~ .+,a 

Dr. Vincent Col l in s  
L i L W  

u 

Dr. C a r l  Nurnberger 
hm;h. fi  c 7*,,,>. 
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TIME OF PICK UP 

p- p-J&&- Dr. & Mrs. Benry Jaffe u-sc, 

PLACE OF PICK UP 



....... ..-_- .......... -.-- __ -._.- . . . . . . . . . .  

. . . . . . . . . . .  . . I  ..-._. .......... 
. .  ._ 

. . .  . .  ..... 

. . . .  
. . . . . . . . .  . -  

, -  * . .  

. . . . . . . . . . . . . . . .  _._ 

... _. -. . 

. . .  

. . . .  - . . . . .  - . . . . .  

. .  

,. . . _  

._ 
1- 

c 
... ............ . . . . . . . . . . . . . .  . ..... ..-..--_... -_ 

. .  
' I  . - . .  .... 





MINUT= 03 THZ NOEIINATING COEI.iITTZE 
Ipll SESSION SATURDAY NIGHT, JAI'TUARY 9, 1954 

Members present: D r ,  David S, Carroll - University of Tennessee 
D r ,  Henry Jaffe - University of Southern California 
D r ,  James F, Kelly, Jr, - Creighton University 
D r ,  John A, Ishernood - Baylor University Graduate School 
Dr. Vincent Collins - Baylor University Graduate School 
D r ,  Kenneth R, Loeffler - Jefferson Davis Hospital 
D r ,  James E, Lofstrom - Wayne University 
D r ,  Marshall Brucer - Chairman, Nedical Division, ORINS 

The executive committee, i n . t h e  absence of an approved se t  of bylans, has 
approved the above group act ing as a nominating committee. 

Dr. Brucer opened the me t ing  02 the nominating committee by reviening the 
January 9th meeting of the executive committee. It vas s ta ted tha t  the executive 
?omnittee, by a vote of f ive  t o  tno, nent on record i n  favor of an executive com- 
mittee consisting of one r epesen ta t ive  from the  O a k  Ridge Ins t i t u t e  of Nuclear 
Studies, one physicist, and a t  l e a s t  f o u r  members from member ins t i tu t ions ,  
d ? o r i t y  of the executive committee, honever, had ex$ressed a desire  t o  r e s t r i c t  
+he membership t o  persons from member ins t i tu t ions ,  and the executive committee 
had agreed t o  submit both recommendations to  the Teletherapy Zvaluation Board f o r  
f i n a l  decision. 

A 

D r ,  Collins asked vhetaer the nominating committee should give consideration 
only to  those members of the Teletherapy Evaluation Board nho had been most active.  
i n  the program during the past year, 2nd D r ,  B r u c e r  s ta ted tha t  this need not be 
true, 
jndividuals who w u l d  best  represent the i n t e r e s t  of the member. inst i tut ions.  
D r ,  Collins ranted t o  knm whether the nominating committee should nominate a 
slate of candidates to be voted on a s  a group o r  vhether the nominations should 
include more than seven people required t o  complete the executive committee, thereby 
a l lo r ing  the Teletherapy Evaluation Board t o  cas t  votes f o r  individual members, 
It Tas agree tha t  the nominations ~ o u l d  be for a s l a t e  of seven representatives 
from member ins t i tu t ions ,  

It was h i s  opinion tha t  t h i s  committee shodd  consider the nomination of 

Dr. Lof strom pointed out t h a t  the executive committee, f o r  the past year, had 
consisted of members representing a nide geographic representation aizd asked nhether 
there nas any reason f o r  t h i s  pattern, Dr. Brucer replied tha t  no s e t  rule had been 
established. 
membership represents a l l  geographic areas. 

T h i s  factor ,  however, d id  have some merit inasmuch a s  the Board 

Dr, Jaf fe  asked rhether there rras any provision in  the bylans that nould exclude 
a previous member from being re-elected t o  the e z c u t i v e  committee, It vas pointed 
aut that t o  date  a set of b y l a w s  had not been adopted; honever, the bylans t o  be 
recommended on the folloning day d d  make provisions f o r  continuity on tha  execu- 
t i v e  comnittee in that one half of the membership of t h i s  committee rrould come up 
fo r  re-election each year, Also, membra on the esecutive connittee could be re- 
e lected f o r  a succeeding term. 
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13r. J a f f e  asked niiether the Teletherapy Zvaluation Board nould adopt the bylaws 
a s  a first item on the agenda, 
t r o l l e d  by the nenly adopted bylans. 
bylarrs mould be the f i r s t  item on the agenda of the Board meeting and tha t  the 
elect ion of of f icers  nould be controlled by the adopted bylans. 

If so then the elect ion of off icers  nould be con- 
The nominating committee m s  told tha t  the 

D r ,  Lofstrom suggested t h a t  inasmuch a s  the Board had t o  decide mbether membel.- 
ship on the  executive committee i s  t o  be l imited t o  Board members, he would suggest 
t h a t  the nominating committee nominate only persons having membership on the Board. 
By t h i s  procedure the slate of noninees would then meet any action taken by the 
Board rrith respect to membership on the executive committee. 
B r u c e r  nhether, i n  his previous experience, he nould consider it helpful t o  have 
outside members on the executive committee. 
necesswj  because he could d r a y s  bring i n  any person as a consultant. The arguments 
f o r  both systems nere revieTed, D r .  J a f f e  then s ta ted tha t  he had not knonn much 
about executive committee meetings du r ing  the past  and asked i3r. Brucer nhether there 
r e re  any members on the present e::ecuti.*re cormittee vho rrere v i t a l  t o  the program 
and should be continued on tk cormittee, D r ,  Brucer s ta ted tha t  t o  ansner t h i s  
question mould 'oe influencing the decisions of the nominating committee. 
Lofstrom then ranted t o  Iaior! whether the attendance had been good and D r .  Brucer 
s ta ted  t h a t  in a l l  f o u r  meetings of the executive comit tee ,  the attendance had been 
excellent,  
f o r  tae  executive committee be l imited t o  i3ersons representing member inst i tut ions.  
The motion vas seconded by Dr. Jaffe and unanimously carried by voice vote. 

Dr, Jaffe  asked ET, 

Dr .  Brucer replied that  it mas not 

D r ,  

Follorring t h i s  discussion Dr. Lof st ron made a motion tha t  nominations 

D r ,  Collins nanted to  know rhether this comnittee should make more than seven 
The commit-Lee nominations then select  the s l a t e  by voting f o r  the seven nominees. 

vas informed t h a t  the proposed bylaris ,rovided f o r  tile e lect ion of members t o  the 
executive committee 'oy p lu ra l i t y  vote, and it nas sugzested tha t  the nominating 
committee adapt the same procedure. 

Each of the members presented a number of c a d i d a t e s  f o r  the executive committee 
nomination. 
t ee  cast ing secre t  bal lots ,  the following seven nominees t o  the executive committee 
vere selected: 
Dr, Lofstrom, and Dr, IllcClure. 

rho nould be elected f o r  one- and two-year terms. 
Xerman and D r ,  i.IcClure be elected f o r  one year. 
Kelly and Unanimously carried by voice vote. D r ,  Cam011 made a motion tha t  Dr, 
Erucer be re-elected f o r  one year and t h a t  the remaining nominees be proposed f o r  
a tm-year tern,  The motion nas seconded by Dr. Lofstrom and unanimous17 carried 
by voice vote. Dr. Carroll macle a motion tha t  t h i s  be the o n l y  d a t e  of candidates 
selected by the nominatbg cowi t t ee ,  
and unanimously carried voice vote, 

From the 10 names presented, i n t h  each member of the nominating commit- 

Dr, Brucer, D r ,  Rurnberger, Dr, Iceman, Dr. Collins, D r ,  Jaffe, 

The nominating committee then &L scussed the  ,xoblem of selecting those members 
D r .  Jal'fe made a motion t h a t  D r .  

The iriotion vas seconded by Dr .  

The motion nas seconded ly Dr.  Ishernood 

The nominating committee than studied recormendations f o r  membership t o  the 
various subcommittees of the  Teletherapy Zvaluation Board. 
vas informed that the proposed bylaw provided only t h a t  the noninathg committee 
prepare a s l a t e  of suggested membership on each subcommittee t o  be presented a s  a 
suggestion t o  the executive committee, 

The nominating comnittee 

The executive committee, in accordance rrith 
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the authori ty  delegated by the proposed bylans, nould make appointments t o  the sub- 
committees a t  the Zirst meeting t o  be held i n  early February 1954. 
out t h a t  the Teletherapy Evaluation Board might change t h i s  pro7ision in  the proposed 
s e t  of bylans and the nominating committee should be prepared t o  of fe r  a s l a t e  of 
candidates t o  be elected by the Board membership if the Board should e l e c t  t o  mite 
such a provision i n  the bylans. 
t o  l e t t i n g  members of .  the present subcommittees serve i n  the i r  present capacity. 
The comnittee vas informed t h a t  there re re  no objections t o  t h i s  procedure if the 
nominating committee and if the Teletherapy Evaluation Board san fit, 
desirable, hovever, that  consideration be given t o  the dut ies  and respons ib i l i t i es  
of each subcommittee, nith an e f f o r t  tonard obtaining Q o s e  people nho are s?eaifi- 
ca l ly  interested in t h i s  phase of the Board's propam, 
tha t  special  consideration should be given t o  the membership of Subcommittee 110, 5 
inasmuch a s  t h i s  subcomittee nould have one of the greatest  responsibi l i t ies  for 
the Board's propam t-rithin the corning year. Follonin~ a discussion tbe foUoning 
s l a t e  of subcommittee members vas agreed upon: 

It rras pointed 

k. Jzffe asked nhether there nere any objections 

It r a s  thought 

Also, it nas'pointed ou$ 

73 Xerman 
Carroll 
Tolan 
Nurnberger 

#3 Loeffler 
hndrens 
Mandeville 
I.IcClure 

7% Collins 
Re schan 
Cooper 
Tice 

#2 Jaf fe  
Ishernood 
Kelly 
Teens 

$4 Lofstrom 
Riemens chneider 
Reeves 
Elubenfeld 

$6 Moecker 
Burde tt e 
R i S W  
Hut 
Guyton 

Dr, Ishemood made a motion t h a t  t h i s  slate  of subcommittee members be approved a s  
a suggestion t o  the executive committee to  be elected by the Teletherapy 2va;Luation 
Board on January 10, 1954, The notion vas seconded by h. Loeffler and unsnimausly 
carr ied by voice vote. 

2:Iaridxill Brucer, 1I.D. 
Chair-, 
The Teletherapy Evaluation Board 

r_. 





MINUTES CIF THE ANNUAL I G Z T I N G  OF THE TELET€EXWY EVALUATION B O A i i  
SUNDAY, 3AiWkRY 10, 1954 

dembers present: - D r ,  
Dr. 
-k, 

Dr. - Dr. 
-h. - Dr, 
-Dr . 
- h e  
-h. 
k. 

-Dr . 
/ Dr. 
Y Dr. 
-Dr ,  
T D r ,  
-Dr. - D r ,  
-DT. 

. - Dr, 
-Dr. 
Dr. 
Dr, 

Gilbert  H, Fletcher  - M. D, Anderson Hospital 
John A. Ishernood - Baylor university Graduate School 
James F. Kelly, Jr. - Creighton University 
Kenneth R, Loeffler - Jefferson Davis Hospital 
Vincent Callins.-  Baylor University Graduate School 
Robert Faeves - Duke University 
W i l l i a m  H. Riser - Medical College of Alabama 
Frank E, Hoecker - University of Kansas 
Henry L, Jaffe - University of Southern California 
James E. Lofstrom - Wayne University 
John Tolan -Emory University 
Herbert D. Kerman - University of Louisville 
Carl E, Nurnberger - University of Tennessee 
David S ,  Carroll  C. University of Tennessee 
Galen M, Tice - University of Kansas 
Paul Riemenschneider - Syracuse 8-iemorial Kospital 
Sidney Rubenfeld - Bellevue Medical Center 
C, C, McClure - Vanderbilt University 
H, Stephen %ens - Emory University 
J. Robert Andrew - Boman Gray School of biedicine 
George R, Cooper - University of Virginia 
Robert Ball- ORWS FJedical Division 
Marshall Brucer - ORINS E!eclical Division 

cem 1 of AFenda, Adoution of Bvlans 

The meeting was opened n i t h  a revien of the Teletherapy Evaluation Board 
Bylans as recommended by the executive committee, 

Preamble 

The preamble nas adopted nithout any changes. 

Article I. I;?embershie 

D r ,  Brsrcer requested tha t  careful consideration be given t o  the 
def in i t ion  of llmemberslt, 
votes authorized by the proposed bylaw. For example, voting on t h e  Tele- 
therapy Evaluation Board i s  an in s t i t u t iona l  vote cas t  by a duly appointed 
representative F;ho mag delegate t h i s  vote t o  his al ternate ,  Voting on the 
executive committee i s  by persons elected t o  the cornnittee, and in some 
instances the person may be an a l te rna te  representative o r  a consultant 
from a member in s t i t u t ion ,  On the subcommittees every appointed person 
has a vote and need not  recessar i ly  be a member of t ie TEB o r  the executive 
committee. 

Also, he stated tha t  there are  three kinds of 

I 

Article I n a ~  adopted vitli minor modifications in nording, 
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A r t  i cle 11. $nt i  t u t i o h a l  Beme senta t i o n  

No revis ion vas suggested from the  floor.  

Ar t i c l e  111, Poners of t h e  Telethsrans Evaluation Board 

Paragraph 2, 
changed subparagraph 'Id" t o  read: 
Committee", 

It was pointed out  t h a t  the executive corn i t tee  had 
"To e l e c t  persons t o  the Executive 

Paragraph 3, 
man of the TE3 considerable poner i n  the  se lec t ion  of executive 
committee members. Dr .  Jaffe s t a t ed  that the Tiording nould a l so  
a l l o n  the chairman t o  meet d t h  a l l  nomembers of the executive 
committee t o  act  as a nominating committee. This procedure had 
proved successful  f o r  the se lec t ion  of a s l a t e  of nominees f o r  the 
yezr 1954. 
IIPrior t o  the  v l n u a l  meeting the  Cheirnan of the  Teletherapy Evalu- 
a t ion  Board s h a l l  appoint ar.d m e t  with a t  least  three members, rho 
are not  a l ready mem3ers of t i e  Executive Committee, t o  form a 
nominating conmittee, Their nominations s h a l l  be presented t o  
the  a n n 4  meeting f o r  the  e l ec t ion  of the Executive CommitteeJt. 
The motion rras seconded by Dr, Pdemenschneider and carr ied unanimously 
by voice vote,  

Dr, Brucer pointed out  t h a t  para3raph 3 gave the  chair- 

Dr. Andrens moved the approval of paragraph 3 a s  worded: 

Paragraph 4 ,  Subparagraph b, 
conmittee's recormendation t o  e l e c t  an executive secretary,  

The Board approved the executive 

Paragraph 5, 
Board members nould cons t i tu te  a quorum. Dr. Andrevs s ta ted  t h a t  
a majority of the  members might no t  be present a t  a cal led meeting; 
then the Board could not  t ransac t  business, 
it des i rab le  t o  reduce the majority t o  one-third of the  Board 
membership. 
from the Board, nhereas in  the  previous day's meeting of the executive 
c o d t t e e  considerable e f f o r t  had been brought t o  increase the rrith- 
holding poner of the Board. 
19aajorityR be s t r icken  and b o t  less thzn f o r t y  per centt1 be sub- 
s t i tu ted .  
car r ied  by voice vote. 

The proposed sect ion provided t h a t  a majority of the  

D r ,  Rubenfeld thought 

D r ,  Brucer s t a t ed  t h a t  t h i s  nould take a l o t  of porrer 

D r ,  Lofstrom moved t h a t  the nord 

Tie motion vas seconded by D r .  Ru'xmfelcl and unanimously 

Parapaph 7, 
ings of the Teletherapy Zvalriztion Board and an agenda be sen t  t o  
members a t  l eas t  one month p r i o r  t o  such a meeting, 
seconded by Dr, KeUy, 
it became necessary t o  c a l l  an emergency meeting. 
L l e  primzry func t ion  of tne Board i s  t o  determine policy, and t h a t  
other  items requi r ing  immediate ac t ion  rrould be handled by the  
executive committee, 

D r ,  ZLemenschneider made a motion t h a t  not ice  of meet- 

The motion vas  
Dr, Jaffe nanted t o  laon That rrould happen if 

It vas stated t h a t  

Dr, Memenschneider's notion was approved 
unanimously, 

Article IV, L?embershiD of the Xxecutive Committee 
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Paragraph 1. Paragraph 1 vas changed t o  read: "The Executive 
Committee shall consist  of seven persons and the Executive Secretary 
t o  the Board 
Committee actions, 
quorum f o r  transacting business", 

The Secretary sha l l  not have a note on Executive 
A majority of the committee sha l l  conskitute. a 

Paragraph 3, 
mas changed t o  read: 
be elected by a p lu ra l i t y  of the Teletherapy Evaluation Board members 
present and voting a t  an annual. o r  called meetingll, 

Unanimously approved except that  the f i r s t  sentence 
Wembership on the Executive Committee sha l l  

Paragraphs 4 and 8, Approved n i t h  minor modifications in wording, 

Paragraph 2. 
.informed the TE;B of the executive committee's action on the previous 
day in approving nembership requirements on the executive committee, 
He outlined i n  d e t a i l  the thinking of the majority of the executive 
committee a s  n e l l  as  the minority opinion, (See notes of executive 
committee meeting, January 9, 1954, Article 4, paragraph 2, pages 
4 and 5,) 
the Board and a s  such i s  responsible f o r  the i n t e r e s t s  of the 
in s t i t u t ions  holding membership on the TEB, 
proposed nording of the bylarrs, the Board nodd have a guaranteed 
majority t o  assure protection f o r  the Board's i n t e r e s t  i n  a l l  actions; 
however, by the minority amendment, the Board mould unduly be l imi t ing  
i t s e l f  n i t h  no great advantage gained from such l imitat ion,  

To introduce discussion on Taragraph 2, Dr, Brucer 

Dr. Brucer s ta ted tha t  the execchive comkttee ac t s  f o r  

He s ta ted tha t  by the 

D r ,  Andrens sa id  t h a t  iie nould not e l ec t  an executive committee t o  do 
business if the executive committee did n o t  fully represent the Board, 
He then offered a motion tha t  the executive corni t tee  be composed of a 
representative of the Oak Ridge I n s t i t u t e  of i\?uclear Studies, and six 
authorized i n s t i t u t i o n a l  representatives duly appointed t o  the TEB, 
In the discussion that followed, it vas pointed out that this motion 
would deprive the executive committee of the benefit  of a physicist, 
e-xoept on a consultant basis, inasmuch a s  no member in s t i t u t ion  had 
seen f i t  t o  appoint a physicist  a s  an ofi"icial representative, D r ,  
Weens s ta ted  that ,  in h i s  opinion, the execJtive connittee should have 
the services of a physicist, and unaer this motion it rould be r,eces- 
sary t o  request sone i n s t i t u t ion  t o  appoint a physicst as an o f f i c i a l  
representative , 

D r .  Cooper asked &ether it vas primarily the function of the executive 
committee t o  conduct the business on a leg is la t ive  basis and whether ~ 

8. physicist  could be called i n  a s  a consultant if needed, 
s ta ted  tha t  the executive committee not only conducted leg is la t ive  
business, but ras also responsible f o r  the f u l l  program of the Board, 
In many instances, the committee would be evaluating the work of 
subcommittees in  order t o  make recommendations t o  the Board. 
Jaffe said he tiought it rrould be desirable tha t  the executive commit- 
t ee  have a r e a l  s c i e n t i f i c  function and not j u s t  a leg is la t ive  function; 
therefore, membership of a physicist  is urgently needed. 

It nzs 

Dr, 

Again, D r ,  Brucer pointed out t h a t  if the  Board desired all seven 



members t o  'e from member in s t i t u t ions ,  it rrould alnays have t h a t  
prerogative under the proposed cording of the bylans, and t o  accept 
Dr, Andrens' motion nould be r e s t r i c t i n g  unnecessarily the  Board's 
freedom of act ion,  Dr, Hoecker s t a t ed  that the use of a consulting 
physicis t  is no t  alnays p rac t i ca l  inasmuch a s  it i s  not  always easy 
t o  f o r e t e l l  nhat ac t ions  of the  executive committee might require  a 
consulting phys ic i s t  , 

Dr, Andrens ca l l ed  f o r  act ion on h i s  motion and the  Board vas reminded 
that  a second had not  been made, D r ,  Cooper seconded the  motion, Dr.  
Lofstrom and Dr, Collins expressed objection t o  the  nording of t h e  
motion because it nould prevent physicis ts  from serving on the execu- 
t i v e  corn i t tee ,  Dr, Lofstrom offered an amendment t o  Dr.  Andrew' 
motion adding W i t h  the  exception t h a t  one phys ic i s t  from a member 
i n s t i t u t i o n  be electedl'. The motion vas seconded by D r .  hbenfeld.  
D r ,  J a f f e  t i e n  pointed out that t h i s  2ermitted more than one member 
from one i n s t i t u t i o n  t o  serve on the executive committee- 
Lofstrom, r:itii tlie consent of Dr.  hbenfe ld ,  added the  fol loning 
t o  h i s  a a e n h e c t  or" 3r. Andrens' motion: 
from a member i n s t i t u t i o n  s h a l l  be elected t o  the Executive Committeell, 
The amenbent t o  the motion nas car r ied  by voice vote, 
motion read a s  follons: 
of one member from the O a k  Ridge I n s t i t u t e  of Nuclear Studies, one 
physicis t  from a member i n s t i t u t i o n ,  f i v e  members from the  Teletherapy 
Evaluation Board, and not more than one Ferson from a member in s t i t u -  
t ion",  The amended motion vas then car r ied  trith tno  dissent ing votes,  

Dr. 

"No4; more than one person 

The amended 
"The Executive Comcli-ctee s h a l l  be composed 

Article V. Povers of t he  Executive Committee 

Article v mas accepted ri t h  minor modifications in nording, 

Article VI. Membership of the Subcommittees 

Paragraph 5. 

Paragraph 1. 
making s tud ie s  and formulating recommendations t o  the executive 
committee; therefore ,  in h i s  o>inion, it r:ould be n i se  t o  have sub- 
comnittee membership open t o  any persons as long a s  there i s  a 
majority of i n s t i t u t i o n a l  members, 
second sentence of paragraph 1 read: " A t  l e a s t  one person sha l l  be 
from the Oak Ridge Institute of Nuclear Studies, a t  l e a s t  one person 
should be a physicis t ,  and a t  l e a s t  a majority on each subcommittee 
shall be from membeT i n s t i h t i o n s t t .  Dr. Lofstrom seconded the motion 
and it vas uaarum * ouslg car r ied  by voice vote. 

Accepted n i t h  minor'rnodifications i n  wrding ,  

Dr, Riemenschneider s t a t ed  tha t  subcommittees vere o n l y  

He thus made a motion t h a t  the 

ParaGaFhs 2 and 6. Appoved v i t h  minor modifications i n  nording. 

Paragraph 3, 
Board and reads as fol lons:  
from its members'l, 

Paragra?h 3 .nas  added rrith unanimous consent of t h e  
IrEach subcommittee s h a l l  elect a chairman 

Paragraph 4 ,  Taragraph 4 mas Etdded n i t h  the  unanimous consent of the 
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Board a.nd reeds a s  follocs:  
a t ion Board sha l l  be an ex o f f i c io  member of  eRcti subcommitteeit. 

"The Chairman of the Teletherapy Zvalu- 

Article VII. Travel Policy 

Dr. Lofstrom and ;ir, Andrens pointed out t ha t  the bylans made no 
l imitat ion on the number of people nho m i g h t  a t tend meetings of the 
TEB. 
on t rave l  by individual members should not be m i t t e n  in to  the bylarrs; 
honever, a policy should be adopted by '&,e Board. 
a motion t h a t  it be the t rave l  policy of tine TZB t o  limit t rave l  
e-upenses t o  the members of the Board, alternates,  a d  consultants, 
but that not more than tT;o people from any one in s t i t u t ion  be reim- 
bursed f o r  t r ave l  t o  any Board meeting. The motion vas seconded by 
Dr .  3ubenfeld and unanimously carr ied by voice vote, 

A majority of the members expressed an opinion tha t  l imitat ions 

Dr. Lofstrom made 

D r .  1.1cClure ofrered a motion tha t  t r ave l  t o  executive cornnittee meet- 
ings be l imited t o  members of the executive cormittee and invited 
consultants, The motion Tas seconded D r ,  J a f f e  and unanimously 
carried by voice vote. 

D r ,  Riemenschneider made a motion t h a t  the t r ave l  policy f o r  s u b  
cormittees 'ce the same as  approved f o r  executive committee meetings. 
The motion Tras seconded by Dr, J a f f e  and unanimously carried. 

A t  t h i s  point D r .  Kerman requested fu r the r  consideration of Article N by 
I n  the discussion t h a t  asking who would be chairman of the executive committee. 

folloned, it vas apparent t h a t  no provision had been made f o r  the election of the 
chairman of the executive cormittee, 
committee e l e c t  one of i t s  members as  cheirwn, 
Kerman and unanimously carried,  

Dr. Lofstron made a motion tha t  the executive 
The motion aas seconded bs Dr, 

Dr, Jaffe made a motion tka t  the Chairman of the 3oard be an ex of f ic io  member 
of the executive committee unless otherrise elected, 
Loeffler and unanimously carr ied by voice vote. 

i.iotion ~ . z s  seconded by ik. 

Article VIII. Consultants --- 
This Article vas unani~nously accepted as  m i t t e n .  

Article IX. Auendment or  Suspension of *lam 

This Article vas unanimously accepted as m i t t e n ,  

The action on Article IX ended the discussion of the bylans of the 'i'eletberapy 
Evaluation Ebzrd, Dr,  Brucer s ta ted tha t  these bylans nould have t o  be reviened by 
the lnsti tute and AEC l e g a l  au thor i t ies  and finally approved by the Eoard of Direc- 
tors of the Inst i tute .  The approved bylaws can then be submitted t o  'he executive 
committee for f inal  approval and adoption. D r .  Iiiemenschneider made a motion that 
the bylans be apFroved a s  amended in  the meeting of the TiB on January 10, 1954, 
subject t o  review by the l e &  authori t ies  of the Ins t i t u t e  and iinited S ta t e s  Atomic 
Energy Commission, and approval bj the Eoard of Directors of the Ins t i tu te ,  and t h a t  
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the executive committee be authorized t 9  Dff ic ia l ly  adopt modifications t o  be sue- 
gested by the l ega l  au thor i t ies  and the Coard of Director? Df the Ins t i tu te ,  
motion vas seconded by Dr .  i:IcClure a d  unanimously carriad by voice vote. 

D r ,  Peen9 suggested a glossary of terms t o  help iqterpret  the bylaws. 
suggestion pa unaninously ac$~;?$qfi nithout a vote. 

The 

This 

R8VieV of Minutes cd Qie Subcomnittees Item 2, 
\ 

DJ-. Rubenfeld, Chairman, Subcommittee i?o. 5, Clinical bogram,  reported t h a t  
the subc;awnittee had net  trrice during the past year, and had attempted to  develop 
thqpap~u t i c  pocedures f o r  both the hectocurie and kilocurie teletherapy units. 
Also, the subcomittee had recommended tha t  each par t ic ipat ing medical school devote 
25 per cent of teletherapy procedures t o  a pattern estddlished by the TEB, By t h i s  
procedure, each uedical school mould be making a re l a t ive ly  small contribution t o  a 
voluminous p i l e  of medical data on similar diseases, vhich had beent rea ted  by a 
stzndard teletherapy c l i n i c a l  procedure. 

Dr. Ruhnfeld renorted t h a t  i n  June 1953, the subcommittee had a p e e d  on an 
anatomical division of the body and had assigned individual teams t o  formula'ce . 

standard procedures f o r  neoplastic disezse occurring i n  these regions. 
meeting of Subcommittee Ho, 5, held on Seiitember 27, 1953, Dr .  Tieschan and D r r  
Andrens presented a Toposed plan f o r  the treatment of cmcer of the uterus; honever, 
the subcommittee deviated from the discussion of t h i s  p l an  Tinen there vas introduced 
a discussion on ttshaped fieldsI1. 

A t  a second 

It vas reported t h a t  D r .  Xerman had submitted a proposed procedure f o r  treat- 
ment of cancer of the bladder; and Er. Rubenfeld reported tha t  he had p rep red  a 
suggested irocedure of treatrmnt 03 cancer of the ovaries. 

D r ,  Hoecl:er reported on the a c t i v i t i e s  of Subcommittee No, 6, the Clinical  
Radiation Physicists Training Pmgran. He reported tha t  Subcommittee No, 6 had met 
on August 29, 1953, had outlined a program f o r  the t ra ining of c l i n i c a l  physicists, 
and had suggested possible methods f o r  financing such a t ra ining ?ragram. 
Hoecker reported t h a t  t h i s  detai led yrogam had been submitted t o  others fo r  conrent 
and that -there had developed a lengthy discussion about vhether a c l i n i c a l  radiat ion 
physicist  s1ioLild be on the l eve l  of a B.D., ?.I,D., L!.A,, or  an A,B. 
reportsd t h a t  it vas the opinion of Subcommittee ?To. 6 tha t  a n  individual could not 
function adequately as  a c l i n i c d  radiation physicist  n i th  l i t t l e  o r  no background 
in biology o r  medicine. The iLunediate need i s  f o r  caadidates on a i.$ster's d e g e e  
level ;  honever, once the candidates received the c l i n i c a l  radiat ion physicist  
training, a portion probably rrould be qualified f o r  continuing t h e i r  studies to a 
Ph.D. degree. 
c l i n i c a l  radiat ion LJhysicist should continue t o  broaden h i s  backpound if he i s  t o  
mrk cooperatively and sympathetically with a radiologist .  This cannot be accomp- 
l ished so long a s  a c l i n i c a l  radiat ion physicist  has only an A.B. d e g e e  in pure 
physics and is used by the radiology de5artnent only  t o  cal ibrate  and standardize 
X-ray and teletherapy units. 
of a Ph.D. de,me, if a c l i n i c a l  radiation physicist  i s  t o  work t o  maximum effective- 
ness. H i s  t ra in ing  should include special  t ra ining i n  biochemistry, mathematics, 
anatomy, and Lihysiology, as Fell a s  physics. 
presented h i s  viens t o  2 r .  Lockvood, Chairman of the Board of the American College 

Dr. 

Lk. Hoecker 

Dr .  Hoecker s ta ted  t h a t  fron h i s  o m  ixrsonal point of vien, the 

l i s  p r o g m  should move, eventually, in the d i rec t ion  

Dr. Hoecker reported t h a t  he had 
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of Radiology, and t h i s  year  president ol? the  American Radiological Society, D r ,  
Lockrrood had expressed a general  agreement n i t h  D r .  I'oeckeFfq v i e m  on the back- 
ground and academic t r a in ing  of c l i n i c a l  r ad ia t ion  physicistot  
Subcommittee Mo, 6 vas or" s u f f i c i e n t  importance tinat a meeting ?:as ca l led  of t he  
c e r t i f i e d  phys ic i s t s  and r ad io log i s t s  r!ho were a t  tile Chicago meeting of the  
American College of ?adiology, 
and it mas attended by 65 or 70 peoyle. The group vas ve l1  represented nith 
r ad io log i s t s  and certifZed phys ic i s t s  and r e su l t ed  i n  a de ta i l ed  discussion 
on $hq peed and funct ion of c l i n i c a l  rad ia t ion  ~ h g s i c i s t s ,  This discussion 
resulte4 i n  the  appointment of a connittee of the AEerican Board of Radiologists 
t o  atudy t h e  acadenic and educaticnal requirercents f o r  the c e r t i f i c a t i o n  o f  
c l i n i c a l  rad ia t ion  physicists.  
chaiman of the  c o w i t t e e  and the first m e t i n g  is t o  be held in  the near 

The program of 

ThAs conference vas held on :'..ednesday of that veek 

Drc ViUiams  of the  Yay0 Clin ic  1x1s appointed 

f U t U r 8  

D r .  Hoecker revierred the  request  of t he  Board of Directors of the I n s t i t u t e  
f o r  c l a r i f i c a t i o n  on the c l i n i c a l  r ad ia t ion  phys ic i s t s  t r z in ing  program, 
t h a t  it vas the general opinion of many persons t h a t  this is  not a Ph.D, t r a in ing  
program, neitlner i s  it an educational ixozran  i n  a basic  science, The p o g r a m  as 
now m i t t e n  i s  complicated by the f a c t  t h a t  i t  must of necessi ty  cross departmental 
l i n e s  i n  the  univers i t ies .  
un ivers i ty  would not  be performing a service i n  a 'oesic science but vould be per- 
forming t h e  funct ions of R t rade school, 
a t t i t u d e  t h a t  he e q e r i e n c e d  a t  the University or" Kansas Then he 17.2s t ry ing  t o  set 
up the present program f o r  t r a in ing  c l i n i c a l  rad ia t ion  physicists.  D r .  Eoecker f e l t  
t h a t  Subcommittee No, 6 had a tremendous respons ib i l i ty  f o r  s e l l i n g  the  conceFt t n z t  
a c l i n i c a l  rad ia t ion  ?hys i c i s t  i s  r e d l y  a biophysicis t  :-.iti a greater  va r i e ty  of 
h n d m e n t a l  and basic science involved t h a  in other  r e s t r i c t ed  fields of science. 

He s t a t ed  

In general, the cleans of most schools f e e l  t h a t  a 

Dr, Hoec!:er s t a t ed  t n a t  t h i s  i s  the  

Dr, Hoecker closed h i s  repor t  iritli  a request  t h a t  &, Brucer out l ine  the  
s teps  t h a t  had been talcen t o  obtain f i n a n c i a l  support f o r  the c l i n i c a l  rad ia t ion  
phys ic i s t s  t r a in ing  program, 
US-AEC f o r  the  establishment of fe l lonships  f o r  the  t ra in ing  of the c l i n i c a l  
r ad ia t ion  physicis t ,  
a s t i c  approval of the t r a i n i n g  ?rogram; hanever, they 2 id  not  ?ee l  t h a t  the  AEC 
should finance the prograia. 
the TEB make an e f f o r t  t o  obtain fellorrships financed by the i iational Science 
Foundation, National Inst i tute  of Health, o r  pr iva te  zgencies, 
f o l l o r s  a policy of s e t t i n g  up fe l lonships  o n l y  t o  suapljr s i x c i a l l y  t ra ined  person- 
n e l  as required by the U S - S C  o r  t h e i r  d i r e c t  contsactors. The National Science 
Foundation usual ly  limits i tself  t o  f inancing P'n,D. f e l lo r sh ips ;  -therefore, D r ,  
Hoecker rrill have t o  s e l l  t h e  program as a nev f i e i d  vhich, i n  sone respects,  i s  
similar t o  biophysics, but having a greater va r i e ty  of fundamental and basic  science 
involved. 

Dr, Brucer s t a t e d  t h a t  he had made a request t o  the  

The Division of E i o l o g  and ibdicine had e q r e s s e d  enthusi- 

The Division of Eiology and Kedicine sug,-es<ed t h a t  

The Comnission 

In the  discussion that fol lored,  D r ,  bndrem stated t h a t  so far  as  he h e n  
only  the  h e r i c a n  Board of Radiology has defirxed a rad io logica l  phys ic i s t  and 
questioned t h e  adv i sab i l i t y  of a medical professional  board undertaking the c e r t i f i -  
cat ion of clinical, r ad ia t ion  physicists. 
Hoeclcerts report ,  The motion vas  seconded by Dr, Jaffe znd car r ied  by voice vote,  

Dr. Lofstrom moved the  adoption of Dr. 

Dr. Jaffe vas requested to  repor t  on his organization's design of a room t o  
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house a hectocurie teletherapy unit. 
the hectocurie teletherapy unit  ;robably represents t he  most d i f f i c u l t  possible 
housing requiremen';, The room i n  which he is i n s t a l l i n g  the teletfierapy unit 
measures 132 by 13 f e e t  by 8 f e e t  high, and is adjacent t o  dressing rooms and 
to i l e t s .  
by Subcommittee Mo. 4, His desigq i s  complicated by the f a c t  he :?ad t o  design 
maximum shielding in  three palls i n  order t o  ro ta te  the Iiectocurie machine. A 
reputable construction firm had submitted an actual  bid of $19,000, against an 
expected cost  of $5,000. 
on the hectoctlrie teletherapy program. 
approximately 100 per cent, the or iginal  price ranze :-rl?ich the Teletheraiy EvalUI, 
a t ion Board hoped t o  reach f o r  stich 8 unit; if the in s t a l l a t ion  cost  i o r  the un i t  
is going t o  be $15,000 t o  $20,000, thsn the hectocurie teletherapy program i s  no _.. 
longer competitive with 250 kv X-ra;~. 

D r ,  Jaffe  reported t h a t  his i n s t a l l a t ion  of 

Rr,  Jaf fe  explained thzt h i s  design i s  based on the c r i t e r i a  developed 

Dr, Jaffe  pointed out the inpl icat ion tha t  this cost had 
For  example, the unit non exceeds, Sy 

Dr. Jaffe suggested t h a t  Subcommittee Mo. 4 use h i s  i n s t a l l a t ion  as  a bas i s  
f o r  fu r the r  study v i t h  the objective or" reducing the housing cost  f ac to r s  
h i s  f ee l ing  that the committao nould have a tangible plan to  Fork n i t h  and if 
possible they could aiialyze each item of cost, 
a rch i tec t  vas f o l l o d n g  the specifications as  developed 'qr Subcomiiittee ?To. 4 and 
it vas h i s  personal opinion tha t  probably these s2eci l icat ions Fere too r igid,  
Brucer s ta ted  tha t  Subcommittee i?o, 9 of the Xational Committee on h d i a t i o n  Pro- 
tect ion has been revised and it r-rould be desirable t h a t  Sukcommittee ilo, 4 of the 
Teletherapy Evaluation Board take uncier study the revised siandards f o r  radiat ion 
protection i n  housing teletherapy units. 
committee No. 4 adopt Dr, Jaffels plan as  a basis f o r  fur ther  study T:nth an e f f o r t  
t o  reduce the design c r i t e r i a  and cost t o  a inininurn necessaqr f o r  adeqwte 
protection, The motion vas secoilded by E r e  Reeas znd unznimousljr carriedo (Since 
the meeting, D r .  Lofstrom hzs submitted his solution t o  the housing problem and the 
committee nil1 non have tno active designs t o  rork nitli.) 

It mas 

D r ,  J d f e  emphasized khat the design 

D r .  

D r .  Lofstron made a rnotion tha t  Sub- 

Item 3. Re vien of Actions of the Execixtive CoEnittee notTreviouslv Discussed i n  
Subcommittee 3eviens 

Dr .  Brucer called at tent ion t o  the statement of purpose of the Teletherapy 
b a l u a t i o n  Board as  published i n  the ;;lay 1953 issue of 3a2iology. He inforned the 
Board of the action of the executive committee i n  authorizing tids p b l i c a t i o n  and 
asked rrhether any member nished t o  coment on t5e s ta te ren t  of purpose. 
rrere offered from the f loor .  

- -  
1!0 coments 

Dr. Brucer called at tent ion to  the proposal f o r  an AZC contract a s  !)reviously 

Dr ,  Andreas asked vhether any universitg had conpleted such a contract n i t h  
recorded in the various meetings of the TeletkieraFy Zvcluztion Board and subcomit- 
tees,  
the Comnission. 
Tolan asked &ether any universi ty  had s u h i t t e d  a proposal and the Board vas 
informed t h z t  D r .  Jaffe vas the o n l y  one nho had submitted one. 
muted t o  h o n  nhen each univers i tg  should submit a proposal and lion f i n a l  the  
proposal should be nhen submitted to  the C o d s s i o n .  
was a decision f o r  each member-university; horever, it vas h i s  t h h k i n g  t h a t  a 
proposal should be submitted a s  soon as each university f e e l s  t ha t  it is i n  a 
p s i t i o n  t o  s t a r t  f u l f i l l i n g  i t s  portion of the contract, 
the ava i l ab i l i t y  of a machine t o  start the research o r  reasonable a s s m a c e  t h a t  a 

It vas s ta ted  that no universit j j  had completed a contract. Nr .  

Dr .  Riemenschneider 

D r ,  Brucer s ta ted  t h a t  this 

One c r i t e r ion  nould be 
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machine nould be obtained i n  the near future. 

Item L. Current IMembership on the "eletheram Evaluation Eoard 

Dr, Brucer informed tlie Teletherapy Evaluation Board tha t  a t  the ?resent 
time, tnere  are tno possible new admissions t o  the Eoard, These tno nominations 
are  dependent upon each university 's  conpletion of the establishment of a formal 
four-year medical school, The Eoard vas informed that no medical school had 
withdrgm from the Teletherapy Evaluation Board,, 

Item 5 .  Election of the Chaircan of the 'i 'eletheram Evaluation Bard 

Dr. Brucer, r e t i r i n g  chairman, declared the meeting open f o r  the nomination 
of a Chairman of the Teletherapy Evaluation Board t o  serve f o r  the coming y e a ,  
D r ,  Kerman nominated Dr. Bncer;  the nonination nas secoilded by Dr.  Xuknfeld. 
Dr, Carroll  made the motion tha t  nominations cease .ad tha t  D r ,  Brucer be elected 
bj, acclamation, The motion Tas secocded bj Dr.  Andrerrs and unanimously carried, 

Dr .  Brucer declared the meeting oFen f o r  the election of  an executive 
secretar j .  
Kermar,. Nomination 17as ap;Iroved by voice vote. 

Item 6. Electicr, of l!embers on t h e  Execxtive Coraittee 

Dr, Lofstrom nominated Horrard Ezrmon and nonination vas seconded by D r .  

Dr, Brucer declared tlie meeting open f o r  e lect ion of membership t o  the 
executive committee 3y ca l l ing  attefi t ion t o  the statenect on the agenda vhich 
suggested t h a t  in the absence or" an axzroved nethod, Dr, Srucer nould meet 16th 
three members pr ior  t o  the reetiiig of the Board t o  fornr a xoEinzting comnittee. 
The Board vas informed t h a t  this cormittee had net  on Saturday night, Jar-uary the 
9th, and consisted of the fo l lon icg :  
Collins, Loefr"ler, a d  Lofstrom, r i t h  &, Brucer ?residing as ohairmarr, 
committee had nominated and, by a p lu ra l i t y  vote, selected the f o l l o v i n g  s l a t e  of 
nominees f o r  the executive Connittee: 
Nurnberger t o  serve tvo years, D r 0  Collins t o  serve tr;o years, D r ,  Jaffe t o  serve 
tno years, Dr, Lofstrom t o  serve tno gears, D r ,  i"!cClu-e t o  serve one year, and 2,  
Brucer t o  serve one y e a ,  

Drs, Carroll, Jaffe,  Xellf, Isheraood, 
T h i s  

D r ,  iierbert Xerman t o  serve one year, D r .  

D r ,  Brucer pointed out t ha t  t h i s  s l a t e  of noninees agreed -6th a l l  provisions 
of the bylaw a s  adopted i n  the oorning session ,of the Board meeting, 
then declared the meeting open f o r  nominations f r o m  the f loor .  
made a motion t h a t  the executive secretary cas t  one ba l lo t  f o r  the s l a t e  of nominees. 
The notion was seconded by Dr. Cooper and unanimously carried. 

Dr. Brucer informed the Board tha t  the nominating cormittee a l s o  made a slate 
of members f o r  each subcomnittee. This slate r?ill be ?resented t o  the f i rs t  meeting 
of the e-mcutive comit tee ,  probably sometime i n  Febrixar;r, 
t h a t  the blans  authorized the executive comnittee t o  ap;,oiiit the nenbership of each 
subcammittes unless the Board rrislied t o  exercise this prerogative, 
benefit  of a motion and vote, the Board unaninouslg agreed *at t h i s  prerogative 
would be delegated 50 "&e executive comittee, 
suggested cormittee membership as recorded in the ninutes of the J a n m j  9th meet- 
ing  of the nominating comnittee, 

D r ,  I3rucer 
D r ,  Fiemenschneider 

The Board vas informed 

Xtiiout the 

Dr. Brucer tken read the shte of 



Item 7. 

United S t a t e s  Atomic E n e r g  Commission, and Atomic Energy of Canada Limited, t o  
agree ~ p o n  a standardized capsule for t e le therapy  sources. 
represent  the  specif icat ions agreed upon. 

Additional Business of the Teletherapy Evaluation Bos& 

D r .  Brucer reported on the  j o i n t  efforts of t h e  InstiltUte, X-ray Industry, 

The attached dranings 

The meeting cas opened for any addi t iona l  business from the f loor .  None nas 
suggested and D r .  Lofstrom made a motion t h a t  t he  Teletherapy Evaluation Board 
meeting be declared a d j o w e d ,  
carried by voice vote. 

The motion was seconded by Dr .  Jaffe and unanimously 

I-- -- 
Marshall Brucer, I.1.D. 
Chairraan 
The Teletherapy Evaluation Board 
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MARCH 6 ,  1954 MEZTIKi OF THE EXECUTIVE CObNITTEE OF TKE 
TELETHE;RAPY EVALUATION BOAKD 

Members Present : Dr. Vincent Collins - Baylor University Graduate School 
Dr. H. D. Kerman - University of Louisville 
Dr. James Lofstrom - Wayne University 
Dr. C. C. McClure - Vanderbilt University 
Dr. Carl E. Nurnberger - University of Tennessee 
Dr. Marshall Brucer - ORINS Medical Division 

1. AB2 Contract Rouosal-Statement of TEB Program. 

Dr. Brucer opened the meeting reviewing a letter from the Medical Branch, 
Divfsion of Biology and 14edicine, US-QEC, requesting a formal statement of the pro- 
gram and objectives of the clinical research program of the TEB. It was emphasized 
that the statement should be available to the Commission by Eiay 1, 1954, inasmuch as 
the Commission w i l l  at that time review the first research proposals submitted by 
member universities . 

The Executive Committee recognized the responsibility of Subcommittee NO. 5, 
Clinical. Program, for formalizing such a statement, however, because of the urgency, 
a preliminary draft was made by the Executive Connuittee and sent to members of Sub- 
committee No. 5 f o r  study and approval i n  the April 17 meeting. 
statement is attached to these minutes as Appendix A. 
of the Ececutive Committee and Subcommittee No. 5, was requested to coordinate the 

The preliminary 
Dr. Vincent Collins, a member 

:tivities of both committees in drafting a final statement, 

Dr. Col l ins  stated that patients to be treated under the clinical research 
program of the TEE would not always be suitable f o r  measuring the program's effect- 
iveness by the five-year survival criteria. 
codified to permit a statistical analysis of the end results. He then recommended 
one or more consultant statisticians f o r  Subcommittee No. 5. Dr. Collins reviewed 
the curriculum v i tae  of Drs. Harold Tlvey and C a r l  E, Hopkins, of the University of 
Oregon, and suggested that they be considered as consultants available to Subcommittee 

Therefore, other criteria should be 

NO. 50 

2. SubcoTmnlttee Membership and Dates of Meetiws. 

The Executive Committee reviewed and approved the recommendations for Sub- 
committee memberships made 
With the ezeption that Dr. H. D. Herman be added to Subcommittee No. 5 .  
approved subcommittees and scheduled meetings are as follOW8: 

the nominating committee at the January 9 meeting, 
The 

Subcolrrmit t ee 

5 C u n i c a l  Program 

Membership 

Dr. Vincent Col l ins  
Dr. Isadore Weschan 
Dr. George Cooper 
Dr. Galen Tice 
Dr. H. D. Kerman 

- Date 

A p r i l  17 



Subcommittee 

2 Small Source Design 

1 Source Evaluation and 
Shield Design 

3 Rotational Methods 

4 Housing Design 

6 Clinical Physicist 
program 

2 

Members  hi^ 

Dr. Henry Jaffe 
Cole J o ~  IsheWood 
Dr. 
Dr. 
Dr. 

Dr. 
k. 
Dr. 
Mr, 

Dr. 
Dr, 
Dr. 
Dr. 

Dr. 
Dr, 
Dr. 
Dr. 

Dr. 
Dr. 
Dr. 
Dr. 
Dr. 

James Kelly 
Stephen Meem 
-Old w a  h U i 8  

H. D. Kerman 
David C a r r o l l  
C a r l  mnberger  
Jobn Tolan 

Xenneth Loeffler 
Robert Andrews 
Frederick Mandeville 
C. C. McClure 

James Lofstrom 
Paul Riemenschneider 
Robert Reeves 
Sidney Rubenfeld 

Frank Hoecker 
Walter Burdette 
William Riser 
Howard Mu?% 
Arthur Guyton 

June 12 

July 10 

September 20 

Octoboer 9 

Dr. Brmcer informed the committee that recent calculations of cost per rhm 
of cobalt 60 sources at  a specific act ivi ty  of 10 curies/gram indicate that kilocurie 
sources may not be the most economical t o  use for teletherapy, The calculations were 
based on four factors:  
r ight cylinder. 
of a MlPiber of wafers, irradiated and stacked t o  produce a d o r m  distribution of 
radiation. 

t o t a l  curiage, specific activity,  diameter, and height of a 
The calculations also assumed that the right cylinder would consist 

The comparative costa of rhm delivered t o  a tumor must re f lec t  the cost of 
the source, the teletherapy unit, and housing; however, the c r i t i c a l  factor is the 
eff ic ient  ut i l izat ion of a therapy unit. 
be one-third the time required f o r  a hectocurie unit, but the dead time on each 
machine reduces this advantage t o  a 

The treatment time of a kilocurie Unit my 

IJr, mer suggested that these factors be studied during t he  next meeting of 
Subcommittee No. 2, Small Source Design. 
cision be made until more experience is  obtained f r o m t h e  operation of both units, 
Dr. Collins suggested that the TEB carry t o  completion the programs for the hecto- 

Dr. Lofstrom suggested that no f ina l  de- 

T i e  and kilocurie units, and that  the Board extend its program t o  include multiple 
its f o r  s ta t ionary  and rotational therapy, The suggestion of Dr. Collins w a s  made 

89 a motion by Dr. Lofstrom. The motion was seconded by Dr, Collins and carr ied.  
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4. Rules of Procedure. 

The Executive Committee reviewed the proposed bylaws a3 adopted by the TEB at 
its annual meeting of January 10, and as revised by the Institute Board of Directors 
i n  a meeting on Fekruary 16. 
commendations that the bylawe be called "Rules of Procedure" and that a tendnation 
of the program be povided for, 
cedure be adopted as revised ty the Institute Board of Directors. 
seconded by D r e  McClure and carried. (See AppendiX B.) 

The committee approved the Board of Directors' rec- 

The motion w a s  
Dr. Lofstrom made a motion that the Rules of Fro- 

5. Radiation Shielding Properties of Marble. 

Dr. Brucer reviewed the results of recent tests to determine the shielding 
properties of marble, and recommended that Subcommittee NOe 4 review t h e  results at 
the September meeting. 





Appendix A 

THE CLINICAL RESEARCH FRCGRAM OF THE TELE;THERAPY 
EVALUATION BOARD 

The Clinical  Research Program of the Teletherapy Evaluation Board has as its 
primary objective the  evaluation of supervoltage radiation i n  cancer therapy. 
member medical school: s h a l l  accomplish t h i s  objective 
c l i n i c a l  material over a period of years so t ha t  s t a t i s t i c a l  significance may be 
assured. 

The 
by pooling the i r  e f for t s  and 

Each of the par t ic ipat ing schools w i l l  have a t  l e a s t  one teletherapy machine 
plus other equipment in the  lower energy range. 
the ' t e le therapy  machine w i l l  be devoted t o  a program jo in t ly  arrived at, following 
specific treatment pat terns  q,proved by the Board, 
of each machine w i l l  be on problems of specif ic  i n t e re s t  t o  t he  individual school. 

Twenty-five per cent of t he  time of 

The other 75 per cent of the time 

Each of the schools w i l l  contribute.information on a parallel se r ies  of 
s tudies  using conventional techniques and 200 kvp equipment. 
records and c l i n i c a l  c lass i f ica t ions  f o r  each disease chosen for study i s  now b 
process of development. 
and record system w i l l  be accomplished 
ready t o  start this year. 
Ro. 5 ,  which is primarily responsible f o r  the design of the c l i n i c a l  experiment. 
r e s u l t s  of t he i r  study w i l l  be presented t o  the  en t i r e  TEB a t  t he  next annual meeting 
for  general approval. 

A uniform system of 

Before general adoption, a p i l o t  run of the  c l a s s i f i c a ~ o n  
the  initial group of f i v e  o r  six schools 

T h i s  initial group w i l l  work closely with Subcommittee 
The 

The program de ta i l s  w i l l  follow a number of general Unes of procedure. 

1. A U t e d  series of types of cancer w i l l  be chosen. 
three classif icat ions.  

They w i l l  be from 

a. Radiocurable cancers i n  which, f o r  one reason or another, super- 
voltage is perferable. 

b. Potentially radiocurable cancer i n  which cure with conventional 
therapy i s  seldom achieved. 

c. Cancers i n  which pa l l ia t ion  o n l y  may be expected. 

2. The conventional end point of f i v e  year survival. is an inadequate evalu- 
a t ion mechanism except i n  1-e. The ultimate value of the  isotope rad ia t ion  
machines may be unrelated t o  their a b i l i t y  t o  match or surpass the  
survival rates of conventional therapy. Therefore, in s p i t e  of the  
d i f f i cu l ty  and dangers of codifying intangibles, subjective impressions, 
and economic factors,  some of these other criteria f o r  evaluation must 
be devised t o  al low an assessment of a l l  types of cancer l i s t e d  under 1. 
The specif ic  points assessed in t he  recording system w i l l  be: 

a. Survival Rate: Survival rates w i l l  be standardized on a Ufe t ab le  
basis when suf f ic ien t  data has been gathered. 
ardization can be accomplished on ly  on large samples of spec i f ic  
population groups, simpler methods comparing a matched series 
t reated with conventional techniques w i l l  be used on the e a r l y  
data. 

Since such a stand- 
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b. Indices of Morbidity: 
t reated disease is an ef fec t ive  index of the e f f ec t  of the t r ea t -  
ment. Although most of the  judgments concerning a change i n  the  
course of the disease are subjective impressions, these form the  
body of data  upon which the final judgment of any treatment i s  
based. Some factors  such a s  a re turn  t o  useful occupation, de- 
creased nursing time, use of narcotics, and time i n  hospi ta l  can 
eas i ly  be codified and are  especially valid upon comparison with 
parallel s e r i e s  i n  the  same organization. 

A n y  change i n  the  natural  course of the un- 

C. hralua$ion of the Cause of Death: 
excellent index of the effectiveness of treatment i s  m evaluation 
of the immediate cause of death. E radiat lon -i'.l.srapy changes the 
terminal pat tern of events, such changes can be cod2ied t o  allow 
an assessment of the effectiveness of the therapy. 

I n  many of the  cancers an 

d. Distribution of Disease a t  Death: There a re  six main classif ica-  
t ions  that w i l l  allow a rank order assessment of the rssults of 
therapy, based upon the  d is t r ibu t ion  of the disease a t  death and 
the  incidence of complications due t o  radiation. 

CLASS I F I C  AT1 ON FO LLCW IE AUTOPSY 

A. Therapy was s ta r ted  a t  primary s i te  t o  i r r a d i a t e  o n l y  known s i te  of cancer, 

1. No persis tent  disease at  primary si te,  no d i s t a n t  metastases. 

a. 

b. 

C. 

No complications a t  primary s i te  due t o  radiation. 

Complications a t  primary si te did not appreciably a f f ec t  morbidity. 

Complications a t  primary site did appreciably a f f ec t  morbidity. 

d. Complications a t  primary s i te  did contribute t o  cause of death. 

2. NO pers is tent  disease a t  primary s i t e ,  with d i s t an t  metastases. 

a. 

b. 

C. 

d. 

No complications a t  primary s i t e  due t o  radiation. 

Complications a t  primary s i te  did not appreciably a f fec t  morbidity. 

Complications a t  primary s i te  did appreciably a f fec t  morbidity. 

Complications at primary site did contribute t o  cause of death. 

3 .  With pers i s ten t  disease a t  primary site, no d i s t an t  metastases. 

a, No complications a t  primary s i te  due to radiation. 

b, Complications a t  primary s i te  did not appreciably a f fec t  morbidity. 

e. Complications a t  primary s i t e  did appreciably a f f e c t  morbidity. 
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d. Complications a t  primary s i t e  did contribute to  cause of death. 

4. With pers i s ten t  disease a t  primary si te,  with d i s t an t  metastases. 

a. No complications a t  primary s i t e  due t o  radiation. 

b, Complications a t  primary s i t e  did not appreciably a f f ec t  morbidity. 

C. Complications a t  primary si te  d id  appreciably a f f ec t  morbidity. 

d, Complications a t  primary s i t e  did contribute t o  cause of death.  

B. Therapy was s ta r ted  at  secondary si te,  or a t  primary s i te  with other areas of 
cancer known to  exist. 

1, No persis tent  disease a t  site of therapy. 

a. No complications a t  primary s i te  due t o  radiation. 

b. Complications a t  primary s i t e  did not appreciably a f fec t  morbidity. 

C. Complications a t  primary s i t e  did appreciably a f f ec t  morbidity. 

d. Complications a t  primary s i t e  did contribute t o  cause of death, 

2. With pers is tent  disease a t  s i te  of therapy. 

a. 

b, 

No complications a t  primary s i t e  due t o  radiation, 

Complications a t  primary site did not appreciably affect morbidity. 

C, Coniplications a t  primary site did appreciably a f fec t  morbidity. 

d. Complications a t  primary s i te  did contribute t o  cause of death. 

C, Incidence o f  known complications i n  spec i f ic  diseases. 

In addition t o  the  general codification of the cause of death following 
therapy, ce r t a in  specif ic  complications, which a r e  of significance i n  conventional 
techniques, w i l l  be especially studied. 
carcinoma, t he  incidence of bronchial hemorrhage is especially s ignif icant ;  in t h e  
esophagus t h e  incidence of perforation in to  the  mediastinum; i n b r a i n  tumors t h e  
degree and persistence of epi la t ion,  bone necrosis, a l t e r a t ion  of neurological 
sequellae; in breast tumors the  incidence of recurrence i n  the  chest  wall. 

For example, i n  the treatment of bronchogenic 

De Economic and soc ia l  factors. 

Some of the fac tors  that may be of decis ive importance but do not necessarily 
r e l a t e  t o  any part icular  point i n  therapy should also be studied, 
planned course of therapy completed? 

How often is a 
How serious w a s  t he  discomfort of the treatment 

. r i d ?  

.*Lent returned? 
U h a t  was the  t o t a l  cos t  of therapy? T o  w h a t  grade of a c t i v i t y  was t h e  
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E. physical fac tors  i n  dosimetry. 

the  comparison of in tegra l  dose with systemic reaction, and an attempt w i l l  be 
made t o  develop a more sa t i s fac tory  theory of organ-specific in tegra l  dose c r i t e r i a .  

There will be a continuing study of the skin area, time-dose relationship,  

The program w i l l  not be 8 s t a t i c  one but w i l l  be under the constant scrut iny 
of Subcommittee No. 5 .  
pleted by early summer. 
diseases w i l l  be added to  the l ist .  
f o r  the hectocurie machine without rotation. 
patterns w i l l  be developed as a second s t ep  and w i l l  be followed by more complex 
combined techniques. 

The specif icat ion of the first  few diseases w i l l  be com- 
Following an i n i t i a l  p i l o t  run by the f irst  few schools, 

A portion of the  program is wri t ten spec i f ica l ly  
It is  expected t h a t  simple ro ta t iona l  

t 1 3 1 3 3 3 8  





Appendix B 

RULES OF PROCEDURE OF THE TELETHIBAPY EVALUATION BOARD 

PREAMBLE 

The Teletherapy Evaluation Board has been established f o r  the 

purpose o f  carrying out a co-operative program for the  investigation, 

development, and evaluation of radioisotopes f o r  teletherapy. 

expected t h a t  the objectives o f  this i n i t i a l  co-operative phase of the 

program w i l l  be a t ta ined within approximately f ive  years. 

remain i n  existence only fo r  the duration of t h i s  phase of the program. 

The Board has been established as a unit of the 14edical Division of the 

oak Ridge Ins t i t u t e  of Nuclear Studies the operations of which are  carried 

It is 

The Board w i l l  

our  under a prime contract  w i t h  the  United States  Atomic mergy C o d s s i o n .  

D E F I N I T I O N S  

Teletherapy Evaluation Board: The Teletherapy Evaluation Board 

hereinaf ter  callad the llBoardll shall be a group o f  persons, who a re  under 

consultant contracts with the O a k  Ridge Ins t i t u t e  of Nuclear Studies, 

and who have been delegated authori ty  by the proper o f f i ce r  o f  t h e i r  

educational i n s i t u t t i o n  t o  represent t h e i r  i n s t i t u t i o n  i n  all Board 

proceedings . 
Member Ins t i tu t ions :  A member i n s t i t u t i o n  i s  any four-year medical 

school o r  other organization which has been admitted f o r  membership on the 

Board under the procedures states i n  Ar t ic le  I. 

Member: A member is  a person who has been appointed by a member 

i n s t i t u t i o n  t o  represent t h a t  i n s t i t u t i o n i s  i n t e re s t  on the Board. 

Alternate Member: An a l t e rna te  member shall be such person as 

has been proposed by a Board member o r  member i n s t i t u t i o n  f o r  a consultant 

contract  w i t h  t h e  I n s t i t u t e  t o  represent the member i n s t i t u t i o n  on the 

Board i n  the absence o f  a regular member or  to otherwise par t ic ipa te  i n  

the proceedings if so authorized by the Executive Committee o r  by the 
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Exmtive C o d t t e e  Member: An 2xecutive Committee d e r  i s  a 

person elected t o  the Executive Committee i n  accordan- w i t h  Art ic le  N. 

Subcommittee Member: A subcommittee member is a person appointed 

t o  serve on a subcommittee under the provisions o f  Ar t ic le  V I ,  

ARTICLE I 

Membership 

Membership on the  Board is open t o  A.M.A. accredited four-year 

medical schools, t h e  Oak Ridge Institute of Nuclear Studies, and any 

other i n s t i t u t ion  recommended by the Executive Committee and approved 

by the  Board. 

application t o  and acceptance by the Board o f  Directors of the oak Ridge 

Institute of Nuclear Studies. Each i n s t i t u t i o n  holding membership shall 

pay the  sum of $2,500 t o  the &k Ridge Ins t i t u t e  o f  Nuolear Studies for  

the  purpose of partially defraying the program cost8. 

Members who meet these requirements shall be admitted by 

ARTICLE I1 

Ins t i t u t iona l  Representation 

1, An Bxecutive o f f i ce r  of each par t ic ipat ing i n s t i t u t i o n  shall  

appoint one voting member, who sha l l  be made a consultant t o  the Oak Ridge 

Institute of Nuclear Studies,  Medical Division, a s  its representative on 

the  Board. He shall be known as a member of the  Teletherapy Evaluation 

Board. Alternate members may be appointed as consultants t o  the DBk Ridge 

lncrtitute of Nuclear Studies,  Medical Division, on recommendation of t he  

institutional members and shall be permitted t o  vote in  Board actions i n  

the  absence of the  regular member, 

the Board upon recomeradation o f  the Executive Cormnfttee, but s h a l l  p& 

have voting privileges in Board actions. 

shall have the power t o  c a s t  the vote of his  i n s t i t u t i o n  i n  Board actions 

Other consultants may be appointed t o  

The member or  h i s  alternate 

t I 3 b V r O  
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and s h a l l  a c t  f o r  his  i n s t i t u t i o n  on a l l  questions re la t ing  to  the 

proceedings and functions o f  the Board, 

2. The Board s h a l l  investigate,  develop, and evaluate radioisotopes 

f o r  teletherapy f o r  the. purpose o f  advising, consulting, and recommending 

t o  the Oak Ridge Ins t i t u t e  of Nuclear Studies a co-operative program to 

be conducted on a basis mutually agreeable to  the par t ic ipat ing i n s t i -  

tut ions,  

Studies s h a l l  be conducted i n  accordance with the Ins t i t u t e ' s  prime contract 

w i t h  the United S ta tes  Atomic Energy Commission and a r e  subject t o  act ion 

by the off icers  o f  the Ins t i t u t e ,  

Actual programs carried out by the  Oak Ridge Ins t i t u t e  of Nuclear 

3 .  Each representative s h a l l  serve f o r  such period as  may be deter- 

mined by the executive head of h i s  ins t i tu t ion ,  provided tha t  such term of 

service shall i n  any event be limited to  the period during which the 

i n s t i t u t i o n  he represents i s  en t i t l ed  t o  membership on the Board. 

ARTICLE I11 

Powers o f  the Teletherapg Evaluation Board 

1. The Board sha l l  have the responsibi l i ty  f o r  investigating and 

developing a comprehensive co-operative program to  evaluate radioisotopes 

for  teletherapy. 

shall have delegated powers as s e t  for th  i n  Ar t ic le  V, 

The Board s h a l l  e l e c t  an Ekecutive Committee which 

2. The Board s h a l l  meet a t  l e a s t  onoe each year f o r  the  following 

purposes, among others:  

a. To request and receive from the Executive Committee such 

reports as it deems necessary o r  desirable. 

To confer with and advise the Ekecutive Committee on matters 

of policy. 

bo 

C .  

d. 

To review the  progress of  subcommittees, 

To e l ec t  persons t o  the Executive Committee. 
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e. To recommend new member institutions t o  the Teletheraw 

Evaluation Board . 
3. Prior t o  the annual meeting the  Chairman o f  the Board s h a l l  

appoint and meet w i t h  a t  least three members, who are not already members 

of the Ekecutive Committee, t o  form a nominating committee. Their nomi- 

nations shall be presented t o  the annual meeting f o r  the elect ion of the  

Ekecutive Committee. 

4 .  The Teletheram Evaluation Board shal l :  

a. Zlect by the majority v o t e  of  the members present, and 

voting, one of  its members t o  a c t  as Chairman f o r  one year. 

Elect by the majority vote of the members present, snd 

voting, a person (not meaning a Board member) t o  a c t  as 

a e c u t i v e  Secretary f o r  one year. 

b. 

5 .  Not less than 40 per cent of the members of the Eoard shall 

const i tute  a quorum f o r  transacting business a t  a l l  meetings o f  the Board. 

6. The Chairman may c a l l  spec ia l  meetings o f  the Board whenever 

he deems it expedient o r  he shall c a l l  such meetings when requested t o  do  

s o  by a majority of  the f iecu t ive  Committee or  a majority of  the Board. 

A request t o  c a l l  a meeting o f  the Board shall s t a t e  the purpose or 

purposes o f  the proposed meeting. 

7. Notice of meetings of the Board and an agenda of the business 

t o  be transacted thereat  s h a l l  be sent t o  members a t  l e a s t  one month pr ior  

t o  such a meeting. 

ARTICLE IV 

Membership of the Executive Committee 

I. The Ekecutive Committee shall consist  of seven persons and the 

The secretary s h a l l  not have a vote on Ekecutive Secretary t o  the Board. 

EsLscutive Committee actions.  A majority o f  the committee s h a l l  const i tute  

1 3 b 3 1 i 2  
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a quorum f o r  transacting business. 

2. The membership on the Executive Committee s h a l l  include a t  

l e a s t  one person from the Oak Ridge Ins t i t u t e  o f  Nuclear Studies, a t  

l e a s t  one physicist ,  and a l l  members of the Executive Committee s h a l l  

be from member ins t i tu t ions .  

t u t ion  shall be a voting member of the Executive Committee. 

Not more than one person from any in s t i -  

3. Membership on the Ekecutive Committee shall  be elected by a 

p lu ra l i t y  of  the Board members present and voting a t  an annual or called 

meeting. 

term of two years and s h a l l  be e l ig ib l e  f o r  re-election except t ha t  the 

1954 elect ion shall e l ec t  three members for one year t o  a l l o w  overlap of 

Members o f  the Jkecutive Committee s h a l l  be elected f o r  a 

appointments. 

4. When vacancies on the Executive Committee occur between 

meetings of the Board, the Ekecutive Committee nay appoict qualified 

persons t o  serve as interim members of the Executive Committee u n t i l  the 

next meeting of the Board, 

5 .  All persons duly elscted o r  appointed to  the EScecutive C o d t t e e  

sha l l  have one vote on i ts  actions regardless of t he i r  qual i f icat ion t o  

vote on Board actions. 

6. Tbe Ekecutive Committee s h a l l  e l ec t  a Ckairman from i t s  members. 

7. Unless otherwise elected as a member of the Becut ive  Comzdttee 

the Chairman of the Board s h a l l  be an ex of f i c io  member o f  the Executive 

C o d t t e e  w i t h  full powers and privileges. 

8 .  The Executive Comit tee  s h a l l  meet at the call of the C h a i m . ~ ~ ~  

ar a majority of the Committee as o f t sn  as necessary and i n  any event not 

l e s s  than twice during each calendar gear. 

ARTICLE v 
Powers of t h e  Executive Committee 
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The Ekecutive Committee shall have the following powers, among 

others : 

a. To appoint any and all subcommittees necessary for organizing 

and promoting the teletherapy evaluation program. 

Executive Committee shall have power to define the scope 

of effort assigned to each subcommittee, to delegate to each 

subcodttee authority necessary for the performance of its 

duties, and shall have, at its own discretion, authority to 

discharge any subcommittee. 

writing, be fully identified by title and be given a 

statement of objectives for which it was appointed. 

To act in an advisory capacity to the Board of Directors 

of the Oak Ridge Institute of Nuclear Studies on use of 

the telethera7y fund. 

To act upon the recommendations of any subcommittee. 

To prepare the agenda for meetings of the Board. 

business may be introduced from the floor. 

The 

Each subcommittee shall, in 

b. 

C .  

d.  Mew 

AXTICLE VI 

Membership Duties and Authority of the Subcommittees 

1. Membership to subcommittees shall be appointive by the 

Executive Committee o r  the Board. 

oak Ridge Institute of Nuclear Studies, at least one person should be a 

physicist, and at least a majority on each subcommittee shall be from 

member institutions. Any person may be appointed to a subcommittee on 

action of the Executive Committee without respect to membership on the 

Board. Voting on subcommittee matters shall be informal and all 

participants of the subcommittees s h a l l  be allowed to vote whether or not 

they a r e  from member institutions. 

At least one person shall be from t h e  

I I 3 b 3 h b  
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2. Subcommittee membership shal l  be raviewd annually by the 

ESrecutive Committee. Reappointments or new appointments s h a l l  be made at 

the first meeting of the Executive Committee following each annual meeting 

of the Board. 

3,  

4 .  

Each subcommittee shall elect a chairman from its members. 

The Chairman of the Board shall be an ex officio member of each 

subcommittee. 

5 .  The duties and organization of subcommittees shall be by action 

of the Executive Committee or by action of the Board at its annual o r  any 

called meeting. 

6. The authority of subcommittees is limited to the making of 

recommendations to an advising the Executive Committee, 

ARTICLE V I 1  

Travel Policy 

1. The expenses incurred by an appointed representative o r  h i s  

alternate, or by another appointed consultant, in attending official 

meetings of the Board, the Ekecutin Committee, or any subcommittee 

meeting shall be reimbursed by the Oak Iiidge Institute of kclear Studies 

in accordance with the representative's consultant contract in existence 

at the time of travel. 

2. For each meeting of the Board, the hecutive Committee, or 

a subcodttee, the Chairman of the Medical Division of the Oak Ridge 

Institute of Nuclear Studies shall prepare, for each member or consultant 

notified to attend, a request for performance under the consultant 

contract in effect between that member or consultant and the Oak Ridge 

Institute. 

ARTICLE VI11 

Consultants 
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Eaoh representative on the Board may recommend specialists to the 

Oak Ridge Ins t i t u t e  of Nuclear Studies f o r  consideration i n  appointment 

t o  the Ins t i t u t e r s  staff of consultants. 

ARTICLE a 
Amendment or  Suspension of Rules of Procedure 

These Rules of Procedure may be amended or  suspended by a two- 

thirds vote of the  members present and voting a t  ary remar o r  called 

meeting. 

These Rules of Procedure o f  the Teletherapy Evaluation Board o f  

the Oak Ridge In s t i t u t e  o f  Wclear Studies were adopted by the  Board on 

January 10, 1954. 

~~ 

Chairman 
Teletherapy Evaluation Board 

Approved 





MINUTES, APRIL 17, 195.4, IGETING OF SUECO~BiITTLE l?O. 5,  C L I N I C A L  PROGWI,  
TELETHERAPY EVILUATION BOARD 

Nembers Present: D r ,  

Dr, 
Dr. 
D r .  

iviembers Absent: Dr .  
Dr .  
Dr .  

Vincent C, Collins -0 Baylor University Graduate 
School 

I. Heschan -0 University of Arkansas 
Harold Tivey -- University of Oregon Xedical School++ 
Marshall Brucer - ORNS Xedical Division+x- 

Herbert D, Kerman -- University of Louisville 
Galen M. Tice -0 University of Kansas 
George R, Cooper -- University of Vtrginia 

* Consultant t o  Subcommittee' No, 5. 
-% Arrived l a t e  due t o  d i f f i c u l t y  i n  t ravel ,  

I. Cl in ica l  Research Program: 

The subcommittee meeting was opened with a review of the preliminary 
statement of the objectives and program procedure of the Teletherapy Evalu- 
a t ion  Board (TEB), 
b e c u t i v e  Committee.) 
by t h e  Executive Committee except f o r  the addition of the followine: general 

(See Appendix A, Minutes of i%trch 6, 19Sb Xeeting o f  
The preliminary statement was approved as submitted 

c r i t e r i a  
units. 

1, 

2. 

3. 

4. 

5. 

11. 

governing les ions sui table  f o r  t e s t ing  the  advantages of ieietherapy 

Incidence of les ions t o  be t reated should be high among par t ic i -  
pating i n s t i t u t ions  when considered together, ra ther  than t o  
expect each les ion  t o  be high in each par t ic ipat ing ins t i tu t ion ,  

Conflict with firrnly established l o c a l  policy f o r  treatment by 
other modalities should be avoided. 

Simple staging of the  extent of disease snould be possible. 

Some objective or  subjective evidence of the e f fec t  of the 
treatment on the patient and on the disease should be possible 
of measurement in terms 03 weeks o r  months, ra ther  than of  years, 

Proposed treatment plans m u s t  be simple t o  f a c i l i t a t e  general 
acceptance. 

S t a t i s t i c a l  Evaluation of Therapy - Procedures : 

A t  the suggestion of D r ,  Collins, Drs. Harold Tivey and C a r l  Hopkins, 
University of Oregon, have been appointed as consultants t o  Subcommittee 
Xo. 5. D r ,  Tivey was present a d  discussed some of the f ac to r s  involved 
i n  the  s t a t i s t i c a l  analysis of medical resu l t s  from teletherapy procedures. 
He pointed out that  pa t ien ts  t reated under a program having the  enthusi- 
a s t i c  support associated with cobalt 60 teletherapy uni ts  would rece5ve 
greater medical a t ten t ion  t o  the primary and associated diseases, T h i s  
greater  a t ten t ion  could bias  any s t a t i s t i c a l  study and the fac tor  trill 
have t o  be evaluated. 

D r ,  Tivey suggested a limited s t a t i s t i c a l  control  group fo r  each 
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type of l e s i o n  t o  be studied. 
conventional X ray a t  pa r t i c ipa t ing  inedical schools, 
be obtained i n  t h e  early stagesof a given program and then discontinued 
unless each par t ic ipa t ing  school wishes t o  add addi t iona l  con t ro l  cases, 
hach pa r t i c ipa t ing  i n s t i t u t i o n  should make its contr ibut ion t o  t h e  cont ro l  
p o u p  , 

The cont ro ls  would be pa t i en t s  t rea ted  by 
These cont ro ls  could 

- 

Dr, Tivey suggested t h a t  the f a c t o r s  f o r  s t a t i s t i c a l  analysis vould 
include su rv iva l  time from onset of  disease t o  first treatment and hospital-  
izat ion;  severity of symptoms; time t h e  pa t i en t  is able t o  spend a t  h i s  
usual a c t i v i t i e s ;  pain as indicated by narcot ic  requirements; radiological  
changes in s o f t  tissue, involved bone s k i n  changes, bone atrophy and 
necrosis; t e v o r a r y  s ide  effects t o  skin; and other  laboratory data.  It 
was agreed t h a t  each therapy procedvre with data sheets  :rould be submitted 
t o  Drs. Tivey and Hopkins t o  study and t o  recommend changes t h a t  would perniit 
a better s t a t i s t i c a l  evaluation of therapy procedures. 

111. Maintenance - of  Record: 

D r .  Tivey asked what procedure would be followed f o r  co l l ec t ing  
aEd c o r r e h t h g  the data  from pa r t i c ipa t ing  nedica l  schools. 
s t a t ed  tinat the sGbcommittee, as cons t i tu ted  i n  1953, had Dlanned that all 
data  be recorded on simplified data sheets  a d  be seQt t o  the Oak Ridge 
I n s t i t u t e  of Nuclear Studies f o r  co l lec t ion  and evaluation. This previous 
recommendation was agreeable t o  t h e  present committee members , 

D r ,  Neschan 

Dr. Meschan stated t h a t  s ince the program i s  expensive and t h a t  

The nembers s t rocgly  rec- 
o n l y  25 per  cent  of machine t i m e  i s  t o  be devoted t o  t h e  program the 
records requirement should not be too  grea t ,  
cormended the maintenance of adequate records f o r  deposit  a t  ORIXS f o r  
s t a t i s t i c a l  s tud ies  and evaluation. The d a t a  sheets  a r e  t o  be i n  simple 
t abu la r  form t o  f a c i l i t a t e  mechanical t abu la t ion  and summary. 
deposited a t  GRINS shocld i-mlude microscope s l i d e s  of autopsy and biopsy 
SFecimens. 
co l lec ted  data. 

The records 

The ORINS pathologis t  will cor re l a t e  a joint evaluation of t he  

IIJ. Lesions Selected f o r  Study: - 
Dr, Collins pointed out that approximately six par t i c ipa t ing  medical 

schools w i l l  soon have hectocurie units ready f o r  use, and recomrcended t h a t  
immediate plans be developed f o r  a prelimj-nary test  study with these units. 
He 2350 recomended t h a t  the inmediate planning be concentrated on po ten t i a l ly  
radiocurable tumors in t h e  lung,. brain, and larpx. 
these  l e s ions  a r e  w e l l  es tabl ished,  t he  subcommittee \.rill then  expand t h e  
program t o  include other lesions.  

Once the  procedures for 

The subcommittee designed f o u r  suggested da ta  sheets f o r  cancer of 
t h e  lung, The suggested forms are t o  be sent t o  otner  members f o r  reviev 
and recomendations. (See Appendix A,) 

Plans were developed f o r  spec i f ic  
laryrvc and brain. Dr .  Collins, chairman, 
subcommittee t o  assume re spons ib i l i t y  f o r  
The d r a f t  copies w i l l  be submitted t o  D r ,  

procedures f o r  cancers of the 
w i l l  request each member of the 
modif-ying each of  the procedures. 
Collins , 
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It was agreed t h a t  t h e  procedures f o r  a given tumor would impose 
as l i t t l e  cont ro l  as possible upon the pa r t i c ipa t ing  schools. The program 
tri l l  request t h a t  25 per  cent  of each te le therapy  unit be used on pa t ien ts  
wi th  a spec i f ied  tumor, and t h a t  t h e  pa t i en t  be selected i n  accordance with 
a t a b l e  of random numbers. 

Vi Cal ibra t ion  of Hectocurie Units: 

D r .  Tivey asked t h e  s u b c o d t t e e  h m  it would be able  t o  determine 
the CoRparability of r ad ia t ion  dose delivered by d i f f e ren t  macliines. 
subcommittee recommended tha t  ORIXS develop a ctAeck phantom with f ixed 
portals f o r  use as a standard c a l i b r a t i o n  device. 
e s t ab l i sh  a standard operating routine,  fully described in the operating 
ins t ruc t ions ,  and arrarige f o r  checking the equipment of each pa r t i c ipa t ing  
medical school. 

The 

The I n s t i t u t e  should 
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CLASSIFIED BY eussIFm By 
THFRAPIST CLASSIFICATION AT DEATH PATHOLCG IST 

(Compared with status a t  time of s tar t  of therapy) , .- - - -  
Therapy was s ta r ted  a t  primary s i te  t o  i r r a d i a t e  only s i t e  of cancerknown-8t that---- 

t ine.  

1. yo pers i s ten t  d i sease -a t  primary s i te .  NO d i s t an t  metastases.- . _  . . 
_ #  . .  v \ . -  -. . I . .  

...I 
- r  

~ e. . .  
- _ I  - / - _ _ -  - . . - . - -  .. . 
a. 'No cornDlications a i - p r b  s i te  due t o  radiation. 

. 
- - . - - - - 

be- Complications a t  primary s i te  .did not amreciably affect' morbidity. I 
C. - lCompXcationS a t - p r h a q .  s i t e  did appreciably a f f ec t  norj idi ty .  
d. --3Comp3.icatiO% a t  :primary site - did - ._ contribute- t o  cause- of. death.,. , 

' 1  ?. ,.- - . _ _  _ _  . - . - .. , ..> --- - - . -  . . ~ - ,_ ._ _ _ ,  . ~ - _  - . .-.-..-~, - 7 , , - ,  -*-.- - . . . . .  . , r.2 . . . . . . .  
2. .. No persis tent '  dise&se..at..primary. s i te .  Distmt:m&astases . . . . .  present. . . .  . . .  . . . . . .  . . . . . . .  - .  . . - _ . .  , . .  . .  , 

- 7 

.-I 
7 ~ -. --- 
-- 

I 
~ d. Complications a t  u r b  s i t e  . d i d  contributeeto cause of death. 

a. 
b. 
C. 

. __. 

No cor@iications 
Complications ..at- 
Complication3 a t  

. . .  
P -  

a t  ~ r k r y  s i t e ' d u e  t o  radiation. 
p r i k r y  s i t e  did not appreciably aff F.ct..morbidity. 
primary s i t e  'did appreciably a f f ec t  morbidity. 

I -a. -- No-complications a t  prFmary site-due-ta-radiatian.  . - ~ -- - - - - - -  a 
2 b. Complication3 a t  primary s i t e  did not agxeciably a f f e c t  morbidity. n 
3 - -  C. Complications at-primary s i t e  did apgreciably a f fec t  morbidity. - n  
7 

4. With p-ersistent-disease a t  -primary s i t e .  D i s t a n t  metastases present. - -- -- - 

d o -  Gomplications . . . . . .  a t  primary s i t e  did contribute- t o  cause of death. -f 

a, -Na;complications-at- pr-imary s i t e  due to radiation. m 
.I? a 
2. d. ComplLcztions-atprixuary-site-did-contribute to cause of death. --- a 

b. -C omphcations-aLprbaryp sit e-did- not appreciably - af f  ec t-morbidity ,-- ---= 
C. - Complications at primary s i t e  did appreciably a f f ec t  morbidity. 

. -  ~ . - .- -- - - -  
_ _  ._ - - - - -- I - *-  ---- - 2  ~. 

Therapy was s tpsted a t  secondary s i t e ,  or a t  primwy s i t e  with-other areas of cancer 

1. 

3 
7 
7 

No pers i s ten t  disease at s i t e  of therapy. 
- - -  .jl 

b. 

1 d. 

. _ _  __-_ _ _  - _---.I ------ 

Et .-. - -  
8.. IJo complications -at- primary sit e- due- t o - r a W i o n .  - -_ - - _  -_- 

--_ . c, - Complications a t  pzimsry - site-did apprecia- affect-morbidity. -. . --- -_ 
Complications a t  pr- s i te  did not appreciably a f f e c t  morbidity. 

Complications a t  pr%narjE s i te  did contrsbute t o  cause 6E death; I 5 "I' 
-I- _I____-_ i - ____-_ c _--I-- 

! - -  ---I- - - - _  
2. 

2 
-I b. Complications- a t  p r ~ - s i t e - d i b - n o t - a p p r e c i a b l y  a f f e c t  morbidity,- --- 

With pers i s ten t  disease atys2L-e of.,therapy;;-?. -z. **:: 

I . . _  . &U ---*, . * a . d . s - d - - v - . P  rn*--V.-.% .wa..---..T-c.- -. ---#%-=-a--a- :---3--i- -z-===L-;*=----Z.J5 

--U 

i d. Complications a t  primary-site did contribute t o  cause of death.'- U 

_--- --.,_ ..-- ---_I--- -__----__ 
- a. 'No complicatfo&:at p $ w - - s i t z  due t o  radiation. 

1 e. Complications a t  p~imary  s i t e  did appreciably affect morbidity. 

. -  . . '  .... . . . . .  . *  ! 
: i . .  . .  1 . .  I C - -  

. _  . ,., . 





TENTATIVE AGENDA FOR THE MAY L$ AND 15, 1954 THIRD 
IiNDUSTRIAL CO-NCE ON TELETHERAPY 

FRIDAY MORNING 

9800 a.m. .. .C-oet curiage and rhm output of cobalt 60.. .. ;. . .Brucer.. ..... .aRINS 
1O:oO a.m....Current production, schedules, and problems 

1030 a.m....Current production, schedules, and problems 

1100 a.m...,Froblems of source strength calibration and 

l2:OO noon,..LUKCH 

- U.S.A...,.Aebersold.....AEC 
- Canada.. .. .Canadian Representative 

U:OO a.m.....Discussion of production problems . . .  

loading. .... Beauch~p..ooo~~ 
FRIDAY AFTElRNOON 

100 p.m....Discussion of policy of allocation of 

230 p.m....Review of f inal  requirements for teletherapg 

3:oO p,m....Essential data a manufacturer must supply 

3:15 p.m....Essential data a customer must get from 

3 :30 p.m. . .Discussion of IlEssential Data" 
4 t O O  p.m,...The requirements for a shipping container.......Stober...~...~Keleket 
4:30 p.m.. ..Should the shipping container be "standardized1'? - Discussion 
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A STAIDARD COBBLT 60 TELETHERAPY SOURCE CAFSUWE 

Prior t o  1953 the  design and construction of a cobalt  60 te le-  

therapy machine was a highly individualized research project. 

immediate a d  widespread recognition of the value of  cobalt  60 has lead 

t o  ntaq d ive r su ied  and ingenuous designs both here and i n  Europe. 

During the past year several  X-ray companies have selected designs for  

The 

telatiierapy machines su i tab le  f o r  commercial production. In each machine, 

whatever its design, there mt be a source capsule t o  s e a l  the  raw cobalt 

60, and the cheracter is t ics  of t h i s  capsule a re  re la ted to the economic 

problems of the source itself. 

Cobalt 60 must be produced i n  a nuclear reactor. .For multicurie 

sources r e l a t ive ly  large volumes o f  cobalt are used, and if t h i s  cobalt 

is incorrect ly  placed i n  the reactor,  it can stop the chain reaction. 
- 

Although the shapes and s izes  of  cobalt 60 sources t h a t  can be used are 

manifoZd, the charac te r i s t ics  or" neutron i r rad ia t ion  make s m a l l  pieces 

essent ia l .  Since each source must stay in a reactor  f o r  a year o r  so9 and 

since each separate piece maes out o f  the reactor with exceedingly high 

ac t iv i ty ,  the problems of production, handling, loading, sealing, and 

avoiding contamination make the manufacture o f  a cobalt 60 source a s u -  

prisingly complex technological problem. 

spec ia l  remote handling tools, ecommy has dictated a small number of 

standard source sizes.- For various reasons the two producers of high 

Because of the necessity f o r  

curiage cobalt 60, Atomic Energy of Canada Limited and the United States 

Atomic Energy Commission, have chosen a M t e d  var ie ty  of sizes ranging 

from small  pellets to wafers 2 cm i n  diameteri W i t h  these standard s i zes ,  

it is possible t o  

number of  curies. 

devise high a c t i v i t y  sources of ahost any required 
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The problems of loading a se r i e s  o f  pieces o f  cobalt  60 so that 

they can be used as a teletherapy source presents an addi t ional  serious 

problem requiring specialized tools and equipment. 

on Radiation b t e c t i o n ,  Subcommittee No. 9 has recent ly  devised and w i l l  

shor t ly  publish in Handbook 54 the results of its study on how cobalt 

60 can be encapsulated. There is, therefore, an accepted 

s t anda rd  f o r  encapsulation of sources. 

The Hational Committee 

Since a cobalt 60 source decays t0 half its output in a l i t t l e  over 

five years, a therapis t  s t a r t i n g  out with a kilocurie source w i l l  ultimately 

have a source too %oldn for h i s  own machine but s t i l l  containing a large 

munber of curies. Since the cap i t a l  investment is based upon t h e  number 

of curies orfginally present, a partially decayed source that is 110 longer 

usable represents a sizable investment in wasted curies. 

be reirradiated i n  a reactor  for half the or ig ina l  cost? 

Atomic Energy Commission points out that reactors are designed t o  admit 

%oldn pieces and discharge I1hotn pieces. A modification of the reactor 

t o  permit admission of llhotlt pieces (and a pa r t i a l ly  decayed teletherapy 

source is s t i l l  very tthotlt) limits the adaptabi l i ty  of the reactor  d is 

exceedingly expensive. 

'position that it is cheaper t o  start with inact ive cobalt f o r  each source 

even Ff it is necesw to discard many curies -of cobalt 60. Since te le-  

therapy iY only a small part o f .  the t o t a l  benefit  (and expense) of a high 

f l u x  reactor, the therapist must -accede to this- judgment. 

that Fn a f e w  years there will be a problem of w h a t  to  do w i t h  half- 

strength cobalt 60 sources. 

Can such a source 

The U n i t e d  States 

It is the United States Atomic Energy Cadss ionts  

It appears 

The Canadians, w i t h  a different s e t  of priorities and for reasons 

just as valid, have deruurred at this point and believe that it is  possible 
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to  reirradiate partially decayed sources. 

When only very high curiage cobalt 60 machines were considered, 

the problem of  the par t ia l ly  decayed source was a big factor i n  the 

economy of cobalt 60, 

Recently, however, the Teletherapy Evaluation Board has developed a cobalt 

60 machine that is designed f o r  a maxhum of 600 curies. This machine can 

use the sources that  are m longer useful in kilocurie machines. 

sign of a 200 curie machine is also planned. 

100 curie range have already been constructed. 

industrial use of lower curiage sources is as yet unexplored. If sources 

could be transferred conveniently from one machine to another, the cobalt 

60 would maintain a decreasing but considerable value and the affective 

economic half l i fe  of  the isotope coulc! be extended from f ive years to 20 

o r  30 years. 

One paid f o r  twice as much as he could use. 

The de- 

A few machines i n  the 50 t o  

The possibility of the 

For sources to  be transferred from one machine t o  another, they must 

now be unloaded from a well sealed capsule and reloaded. This is a tech- 

nical  problem of considerable magnitude and nay easily cost mre than it 

is. worth. There is an easier and cheaper answer. The standardization o f  

a capsule for a l l  sources o f  cobalt 60 o f  a l l  sizes and curiages would allow 

each one t o  be transferred in its capsule from machine t o  machine with no 

more than a handling charge. 
I- 

In October 1953, the representatives from U. 

X-ray equipment manufacturers met with the Isotopes Division of  the United 

States A t o m i c  Energy Commission, t h e  Atomic Energy of  Canada Limited, and 

the Oak Ridge EIational Laboratory at the Hedical Division of the Oak Ridge 

Inst i tute  of %clear Studiea f o r  a discussion of  the current problems of  

teletherapy. It w a s  decided a t  th i s  meeting, a f t e r  a review of the advant- 

ages and disadvantages of staadardization, that it was to  the bes t  interest  
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of the  therapis t ,  the  industry, and the manufacturers o f  cobalt 60 

that a source capsule for teletherapy machines be standardized, 

f e l t  that there had been su f f i c i en t  experience with encapsulation o f  high 

energy sources t o  permit design of a capsule t h a t  would meet every re- 

quirement of the therapis t ,  the reactor  technician, and the manufacturer. 

In November a special  meeting was held and by subsequent correspondence 

such a capsule was designed. 

i s  shown in Fig. 1. 

a l loy  cap arid plug, a stainless s t e e l  cup, and two lead wire sea ls .  The 

o v e r 4 1  s i z e  of the capsule is  a r i g h t  cylinder 2 inches i n  diameter by 

1 5/8 inches long. 

the  Medical Division, Oak Ridge Ins t i t u t e  of k c l e a r  Studies. 

standard cobalt 60 source capsule is  designed t o  meet the following 

requirements : 

It was 

The now accepted s tamlard source capsule 

It consists o f  f i v e  separate pieces: a tungsten 

Detailed drawings of the  capsule are available from 

The 

1. Size o f  Source: 'Eie s tandard  cobalt 60 source capsule wt be 

adaptable t o  all projected source s i zes  of Canada and the United States.  

The l a rges t  Canadian source is a r i g h t  cylinder 3 cm i n  diameter by 3 cm 

high. This maxhm dimension fixed the  i n s i d e  dimensions of the capsule 

s ince all. s izes  o f  projected cobalt 60 wafers o f  the United S ta tes  can be 

accommodated within t h i s  space. 

2. Activity o f  Source: The capsule m u s t  be able t o  contain the 

largest m b e r  of curies feas ib le  f o r  expected teletherapy use. 

upon material having a spec i f ic  a c t i v i t y  of  50 curies/gram, which is  now 

obtainable, the design accommodates a total a c t i v i t y  of more than 4,000 

curies of  cobalt  60. 

Based 

3. Material of Capsule: The capsule m u s t  i n  i t s e l f  be a part of 

the primary radiat ion shield since it is i n  the most economical posit ion 
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fo r  shielding, 

number than tungsten were discarded f o r  obvious reasons. 

metals and gold were discarded because of high cost. 

uranium was granted by the  U n i t e d  States Atomic Energy Commission but 

t h i s  material was rejected by the indUStrye 

cost  and d i f f i c u l t i e s  i n  fabricat ion of uranium more than outweighed its 

s l i g h t  advantage over tungsten alloy as a rad ia t ion  shield. 

design, tungsten a l l o y  completely surrounds the source except i n  the 

d i rec t ion  of the primary beam, 

the primary bzamthere is a part icular ly  critical shielding problem, and 

the present design has a wide forward shoulder t o  give mximum shielding i n  

this =eae 

areas . 

All of  the materials less dense and with lawer atomic 

The platinum 

Permission t o  use 

It was believed that the high 

In the present 

In the directions immediatelg adjacent to 

A l l  of the screw threads are a t  the rear, i n  l e s s  .wf t ica l  

4. Airt ight  Seals: The capsule must have a posit ive seal ing 

S y s t e m ,  

par t ic les  of cobalt 60, which can flake and dust  off of the raw cobalt 60 

source material. 

large wire primary s e a l  is p a r t i a l l y  pressure-welded into posit ion by 

an incomplete seating of  the plug, This will allow ,meassembly o f  the 

cap and cup as a single unit. The second small lead w i r e  w i l l  be pre- 

f i t t e d  t o  the plug and upon final assembly the two preassembled pieces 

will be screwed into place under high torque; there w i l l  be a cold f low 

of lead into the screw threads and between the cap and cup t o  form a 

continuous a i r t i g h t  seal .  

years and there  is su f f i c i en t  experience t o  give confidence i n  its 

success. 

cobalt 60. 

This should be a double hermetic s e a l  t o  prevent the  leakage of 

The present design has two lead w i r e  seals.  The first 

Such a system has been i n  use f o r  a TNmber of 

It w i l l  be d i f f i cu l t  to  break such a s e a l  f o r  removal of the 

It is not intended i n  t h e  U.S.A., however, that such a source 
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capsule w i l l  ever be unloaded and reloaded. If reloading is necessary, 

it w i l l  be possible with special  too ls  to cut  off  the top window of the 

s t a in l e s s  steel cup. 

5 ,  Loadim of Carmule: The capsule must be eas i ly  loaded with 

the cobalt  60 of both Canada and the United States.  

cur ie  loading, which requires remote handling equipment behind thick 

shields,  are not t o  be passed off l igh t ly ,  and t h e  designer o f  a special  

soul-ce container may eas i ly  find t h a t  the cost of loading exceeds the cost  

of cobalt 60. 

of both Canada a r d  the United S ta tes ,  and only one s e t  of j i g s  w i l l  be 

necessary for all types of sources. 

The problems of m u l t i -  

The present design is  sui table  for the methods o f  loading 

6. Manipdation of the Sowce Caps-dul: It should be possible t o  

manipulate snd posit ion the source capsule without applying pressure t o  

the movable and c r i t i c a l  par ts .  

movable part, the p h g ,  is seated s l igh t ly  below flush so tha t  it need 

never be touched a f t e r  loariing, The on ly  c r i t i c a l  thickness is  i z  the 

pressnting face of the s t e a l  cup a-ad this  is protected by a shoulder of 

tungsten. 

is  the s o l i d  outer cap. 

The present design is  such t h a t  the o n l y  

The onLy pmt t h a t  need be handled by remote control equipment 

7, The Padiat5cn Wiz2owt The presenting face of the  source capsule, 

which makes up tha winiov that the useful beam of cobal t  60 traverses, 

should be suffLciently strocg to  r e s i s t  breakags but must ba as thin as 

feasible  so that *&e at tenuat ion of the beam w i l l  be n i i n i m l  A two par 

cent a t t e m a t i o n  w i l l .  cost  from ~100 t o  $400 in  i n i t i a l  output and w i l l  

add a few-minutes to each treatment. 

give attenuation of a few per cent, a poorly designed capsule for a high 

a c t i v i t y  source can be expensive. 

Since even thin faces of metal will 

The present design uses an 0,CQ inch 
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cover of s ta in less  steel, which is  regarded as the best  compromise be- 

tween strength and attenuation. 

8 .  Elmlacement of the Source Capsule: Some teletherapy machines 

w i l l  hold the source capsule i n  place by mechanical pressure, some w i l l  use 

a screw thread, and some will have 8 simple shelf  arrangement. 

has visualized the capsule as a free f loa t ing  bearing. 

has had t o  allow any of  these methods of emplacement. 

One design 

The present design 

The adoption of this  standard source capsule by the manufacturers 

o f  cobalt 60 of both Canada and the  United States  does not preclude any 

person fYom designing or using a cobalt 60 source and capsule of any s i z e  or  

shape he may wish. 

ever, m u s t  be borne by each purchaser and, i n  the United S ta tes ,  the capsule 

m u s t  meet t he  requirements of the National Committee on Radiation Protect- 

ion. There have been many surprises a r i s ing  out o f  the adaptation of 

cobalt  60 for teletherapy and i n  t h i s  f i e l d ,  which is  f l u i d  and highly 

competitive, it is t o  the  c red i t  of the X-ray industry t h a t  they have been 

able  t o  co+perate on the one fac tor  that might eas i ly  have l e d  t o  a 

serious economic problem and waste of  a s ignif icant  amount of cobalt 60. 

They have adopted a standard source capsule with the  aim of reducing the 

cost of cobalt 60 equipment. 

standardization might easily be outmoded by the rapid development of new 

types of teletherapy machines. For t h i s  reason it has been agreed t h a t  the  

i.rdustry will meet about twice each year to d i s c u s  the current development 

problems of teletherapy equipent .  During the  noxt two years there will 

be an extensive study o f  the experience with the present standard source 

capsule, and late in 1955 the problem of a standardized source capsule 

w i l l  be reviewed by the en t i r e  industry. 

The increased cost  o f  special  loading f a c i l i t i e s ,  how- 

The manufacturers r ea l i ze  that such ear ly  

Criticisms of the present 
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design and suggestions f o r  i t s  improvement w i l l  be welcomed. 

(The design presented here represents the combined e f fo r t s  of 

many representatives of t he  Organizations l i s t ed ,  and in  the present 

publication I am serving only as a reporter  of the conclusions reached.) 

Marshall Brucer, M.D. 
Chairman, The Hedical Division 
Oak Ridge Ins t i t u t e  of Nuclear Studies 
Oak Ridge, Tennessee 
(Under contract  with the United S ta t e s  
Atomic Energy Commission) 







COBALT 60: COST, CURIAGE, AND rhm OUTPUT 

Marshall Brucer and Howard Harmon" 

The ever increasing use of cobalt 60 has made it desirable  t o  tabulate a 

de f in i t i ve  review of t he  cost, curiage, and rhm output of various arrangements of 

raw cobal t  60 wafers, especially as they are used in teletherapy SOUTC~S. 

Along with the  tab les  included i n  this review is a statement on '!A Standard 

Cobalt 60 Teletherapy Source CapsuleR and a statement on "An Available Cobalt 60 

Source for Teletherapyf'. 

t h e  material. t o  be found in Tables 1 through U. 

Much of the material  i n  these two statements complements 

The use of cobalt 60 has been an explosive phenomenon in the  f i e l d  of deep 

therapy, 

opinion t h a t  e l e c t r i c a l  generators of X rays a r e  already outmoded except a t  the  verg 

low and very high energies. The reason for t h i s  rapid acceptance is not t o  be found 

-n the  biological  react ion t o  cobalt  60 gamma rays. 

act ion is about the  same a t  all reasonable energies. 

A number of manufacturers of X-ray e q u i p e a t  have pr ivately ventured t h e  

For therapy purposes the  re- 

If a d is t inc t ion  can be made between the physical charac te r i s t ics  of t he  

cobalt 60 beam i n  tissue, and t he  react ion of the t i s sue  i t s e l f ,  then a cobalt 60 

beam does have a superior penetration i n  depth t o  that i n  current standard equipment. 

Also, the  secondary electrons,incfdent from t he  first layer of the skin, penetrate 

below t h e  region where skin can be damaged (but this might be interpreted as an im- 

proFer removal of a safeguard t o  therapy). 

the primary beam in t i s s u e  is markedly lessened with cobalt  60. 

have all been achieved w i t h  properly designed high voltage e l e c t r i c a l  generators. 

The big advantage of cobalt 60 is economic and in the freedom allowed the designers 

of equipment. 

The extent of scattered radiat ion out of 

But these advantages 

The essential economic f ac to r  in rad ia t ion  therapy equipment is not the  capi ta l  

it Work done a t  the  Medical Division, oak Ridge Institute of Nuclear Studies, Inc., 
Oak Ridge, Tennessee, under contract with the United States  Atomic Energy COnaniS- 
s ion  . 
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'nvestment i n  a machine. 

period of years. 

This i s  a one shot expense which can be amortized over a 

The essent ia l  costs a r e  i n  such things as the continuing labor cost  

of a radiotherapis t ' s  time and the time of his technical staff. The prorated cos t  of 

the  use of hospi ta l  space and of cleaning, heating, and repairing this space i s  a big 

factor.  Since such cos ts  a r e  highly varied and somewhat out of the control of hos- 

p i t a l  management, the  only real control a board of t rus tees  has over t h e  cost  of 

radiotherapy is in t h e i r  investing i n  the  purchase of equipment that a l lows the most 

eff ic ient  use of t he  time of the technical staff. The X-ray  industry has had many 

years t o  develop X-ray equipment t o  its present high peak of efficiency. They a re  

o n l y  beginning t o  th ink  of cobalt 60 equipment and many improvements can be expected 

i n  the  next few years. 

an argument comparing the  treatment cost  f o r  hectorcurie and kilocurie  cobalt  60 

An excellent i l l u s t r a t i o n  of changing opinion can be found i n  

machines. , 

At the  present commercial prices of cobalt  60 machines it i s  possible t o  

i n s t a l l  two hectocurie (600 rhm) machines f o r  about $75,000 o r  one ki locurie  (1800 

rhn) machine f o r  about $85,000. 

tbe  gadgetry t o  make a k i locur ie  machine more effect ive can also be put on a hecto- 

cur ie  machine. 

about twice as long t o  give the same treatment with R hectocurie machine. 

about half of t h e  treatment time of any machine is used i n  get t ing the pa t ien t  

positioned, in cleaning up, and i n  the  inevi table  dead time between patients. 

following t a b l e  describes some of these factors :  

Treatment with these machines is identical .  A l l  of 

The only difference i s  that a t  the  longer distances it w i l l  take 

However, 

The 

Cost of Machine 
Cost of Treatment 

Room 
Cost of Cobalt 60 

Two Hectocurie Machines &e Kilocurie Machine 

$25 OOo $25, $50,000 

7,500 7,500 10,000 
5,000 5,000 25 , 000 

Total  1-iachine Cost 
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“erage setup time Fer pat ient  3 minutes 5 minutes 
average treatment time per pat ient  30 minutes 10 minutes 
Average clean up and dead time 10 minutes 10 minutes 

Total treatment time 
Number of pa t ien ts  per day 21 pat ients  19 pat ients  

45 minutes for 2 pts. 25 minutes f o r  1 pt. 

With correct ly  designed equipment, if a radiotherapy staff can handle 20 

pat ients  a day, it follows that they can handle these pat ients  on two machines just 

as eas i ly  as on one machine i n  which case the  use of two hectocurie machines becomes 

more economical than one k i locur ie  machine. In  s p i t e  of the  f a c t  that the  treatment 

time f o r  any one pat ient  i s  three times as long with the  hectocurie machine, t he  

d i lu t ion  of treatment time with various kinds of dead time make the  t o t a l  treatment 

tine only  about twice as long f o r  a machine With only  one-third of t h e  output. With 

the  long treatment, time on the  hectocurie machine one s e t  of  technicians and a thera- 

-‘st can eas i ly  keep two machines in a l te rna te  operation with plenty of dead time 

oetueen pat ients  

There are other advantages. Two hectocmie machines can be serviced alter- 

nately without stopping a schedule of treatments whereas with one ki locurie  machine 

serious problem i n  maintenance stops all treatments. The k i locur ie  machines cannot 

be used a t  abort source.to akin distances ( S S D ) ,  

a t  both 50 and 35 cm SSD and where extreme depth penetration is unnecessary t he  

smaller machine when used at its shor tes t  SSD has a higher output than t h a t  of t h e  

la rger  machine used at i ts  shor tes t  SSD. 

The hectocurie machine can be used 

Although it is true that a ki locurie  

machine is  more e f f ic ien t  than a hectocurie machine in an  o v e r 4  treatment schedule, 

it is not necessarily more ef f ic ien t  than two hectocurie machines. The $10,000 

saving i n  cost  w i l l  support a physicist ,  which in itself w i l l  hprove a therapg 

department more than any i t e m  of machinery. 

There is one other item - t h e  maintenance of equipment, which looms l a rge  

In t h e  cost  of  rad ia t ion  therapy. Tubes and transformer troubles are an ever present 

D 1 3 b 3 ’ 9 1 0  
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. A unpredicatable cost  of X-ray generators. 

i n  t h e  simple machinery of the cobalt 60 devlcei 

decay of cobalt  60, 

L i t t l e  Wntenance  trouble is possible 

The o n l y  routine problem is the 

But t h i s  d e c q  is predictable and can be planned well in 

advance. 

X rays i s  done once with cobalt  60 and the cal ibrat ion from then on is  read off a 

The ever present problem of the  cal ibrat ion of an e l e c t r i c a l  generator of 

printed chart.. The prolihms concerued with isodose patterns i n  X ray devices can be 

solved in a cobalt  60 =chine with m e  set  of standard isodose curves. 

The therapeutic advantages of t h e  hectocurie design was or ig ina l ly  s ta ted  t o  

be very l imited and probably confin&. t o  head and neck lesions. 

have been made available not one of a e  purchasers is considering such a l imitat ion.  

Since these machines 

Rather t he  machite has been put into d i r e c t  competition with a 250 kvp X Tay gener- 

ator. 

' 

l e a s t  as usdul and might be more uef'ul, and they will cer ta in ly  be more popular 

than e i t h e r  t h e  X ray o r  ihe larger cobal t  60 machines. 

Even w i t &  so l i t t l e  information avai lable  the impressions we have been able  

?ather ind isa te  a very high prokabili ty t h a t  the hectocurfe machines will be a t  

If there is  some va l id i ty  

t o  t h e  fozegoing argument, then many kinds of cobalt machines may be designed and 

this W i n  demand sources of various curiages. 

Such a source design must consider many factors  but t o  simplify t he  problem 

some of these fac tors  may be almost taken for granted. 

1) The source LGu8t be made up f'rm thin wafers into a right cylinder. (The reasons 

for this a r e  described in- the4 'ar t ic le  by Brucer, Pollard, Leiter ,  and Scarf; 

onics 11, No. 2, Feb. 1953.) 

2) 

any source much beyond 3 cm i n  diameter the penumbra of the  machines becomes W- 

acceptable. 

Nucle- 

The s i z e  must have a maJdmum diameter of 3 em. This is rather arbitrarg but in 

In the  lower output machines where treatment i s  at a shor te r  SSD the  

num diameter must be reduced t o  about 2 cm. The penumbra a t  a 2.3 cm maxiram, 

1.9 cm mi- diameter, which is achieved by the  double averlappfng cloverleaf 

design, is just barely w i t h i n  the acceptability reached by the Grimmett and the  
I 1 3 b 3 9 t  
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,ohm designs. 

penumbra w i t h  a smaller source we uould a l l o w  more la t i tude i n  the design of cones 

that are  now t ight ly  restricted t o  a 30 cm collimation distance, 

3)  

better" 

We cannot al low a wider penumbra but if we make a much better 

I n  regard to the best diameter f o r  a source, the rule  is s t i l l  "the smaller the 

6) The source must f i t  the standard source capsule. 

only i n  the  length of 3 a, which actually is not  a res t r ic t ion since t h e  cost factor 

overwhelmingly reinforces t h i s  decision. 

5 )  

hectocurie machine was' designed for  a maximum of 600 rhm. 

The restr ic t ion imolved is  

The t o t a l  curiage should ultimately aim a t  outputs of 600 rhm and 18cO rhm. 

This is an arbitrary 

The 

decision but is logically based upon extensive study of experiences with 250 kvp 

X ray machines. Most current machines are  used a t  about 10 t o  50 nmn. Some thera- 

lists w i l l  complain of fas ter ,  and an equal number w i l l  complain of slower rates. 

The treatment distance with the hectocurie machine can go as low as 35 cm, hence, a 

600 rhm machine will have outputs that can roughly be diagramed i n  the fol lowing 

figures. 

Treatment Depth Dose at 
Distance 10 cm of Xater 

as P of Skin 
Dose 

1 meter .64$ "L 

70 cm 56% 
50 cm 5s 
35 43% 

Approximate rmm on rmmafter mafter 
Equivalent Delivery %years  years 
Peak X-ray 
Voltage 

2.5 Mev 10 5 ;E4 
2.0 Mev 20 10 5 
1 Mev 40 20 10 

.FA00 kvp 80 40 20 

By multiplying the  rmm figures by approximately 3 the same tables can be used 

for  an 1800 rbn machine, except that the 35 QI( treatment distance is not possible and 

in ms~ly machines the 50 cm treatment distances are not possible. A t  the longer SSD 

7 higher output machine can probably be used more efficiently but the cost of the  

machine also increases markedly. A lower output could also be used and is  preferred 

by some therapists but would not meet general approval. 
I l 3 b 3 - 1 2  
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Before q definite decisions are  made on the standardization of source sizes, 

one should review the complete picture of the cost, the curiage, and the rhm output 

of various sources. 

herein presented, 

Table 1 

Such a review is  part ia l ly  possible from the tables  and figures 

Table 1 shows the effect of source length on transmission and cost. 

cylinder source is used with the beam coming out of the end face of the cylinder. 

The data are  computed f o r  a 1 cm diameter rod, but such factors as the fractional 

transmission, the p e r  cent of theoretical maximum transmission, and the per cent gain 

with added length w i l l  fit any diameter rod. As the length of the rod increases, as 

s h a m  i n  Column 1, there w i l l  be more and more self-absorption so that there is a 

theoretical miaxhum length beyond which there i s  no added output i n  spite of the 

added curiage. Column 2 shows the volume of a 1 cm diameter rod a t  various lengths. 

A r ight  

Je specific act ivi ty  f o r  Table 1 was calculated at  5 curies/gram or  43.5 curies/&. 

A uniform distribution of  the active cobalt 60 was assumed. 

computed the total. rhm obtainable from the number of curies shown i n  Column 3 assum- 

ing 1.35 rhm per curie of cobalt 60. function on fractional transmis- 

In Column 4 there i s  

From Dixonrs 

sion Column 5 waa computed, which al lowed the calculation of the t o t a l  rhm of each 

specific length with self-absorption taken into account. 

possible  t o  calculate in Column 8 the per cent of the  theoretical maximum transmis- 

Fromthis column it was - 

sion at  each length, In column 9 it can be seen tha t  as  the length increases there 

is a rapid increase i n  the per cent output up t o  2 cm after which it begins t o  f a l l  

markedly. It w o u l d  appear fi-om t h i s  that the m o s t  economical source length w i l l  

cerrtainly not be beyond 3 cm i n  length. On page 2 of Table 1 these same factors are 

computed when specific ac t iv i t ies  of 10, 50, and 100 curies per gram are considered. 

'% page 3 of Table 1 are given some of the data used t o  calculate Dixon's self- 

aosorption functions. 

arrived at. 

Notice that in Table 1 the cost factor w a s  very Sfmply 

These cost factors w i l l  be changed In the last tables in t h i s  ser ies  

I 1 3 b 3 ? 3  
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io a more reasonable 

Table 2 

Table 2 shows 

type of data as were 

estimate of actual cost. 

the effect  of source length and specific activity. 

used i n  Table 1 is used in Table 2 except that i n  th i s  case 

The same 

the specific act ivi ty  i s  changed from 1 t o  100 curies per gram. 

Table 3 and 4 
In Tables 3 and 4 the  t o t a l  curiage and the rhm output in various sizes of 

r igh t  cylinder sources were computed f o r  f o u r  different specific activit ies.  

3 shows the effect  of various source lengths and source diameters a t  5 curies per 

grain, 

figure by 10, 

Table 

The s a e  figures can be used for 50 curies per gram multiplying each 

In Table l+ the 10 and 100 curie per gram specific act ivi t ies  are 

given. 

The data from Table 3 showing the t o t a l  curiage f o r  various lengths and 

diameters cf sources are shown graphically i n  Fig. 1. 

curies per gram but this can be converted for the 50 curie per gram specific activity 

by multiplying the abscissa by 10. 

The data a z e  shown f o r  5 

In F i g .  2 the same type of  t o t a l  curiage data is shown f o r  various lengths 

and diameter sources f o r  the 10 and 100 curie per gram material. 

In Figs. 3 and 4 the effect of changing length and diameter of source on the 

rhm output i s  shown f o r  both the 5 and 50 curie p&r gram material and the 10 and 100 

c w i e  per gram material. 

From these data a mmber of general conclusions can be made. Figure 5 shows 

. a three dimensional chart giving mang lengths of sources and many diameters of 

smcea.  

three dimensional surface so achieved it can be shown that any reasonable output can 

"'3 achieved with marry source sizes, but these will always be within a w e l l  defined 

t o t a l  range of cwies ,  

These tu0 factors are plotted against a total number of curies and on the  

Figure 6 shows a three dimensional graph of the cost of the radiation in  terms 
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' dollars per rhm f o r  various source lengths and specif ic  ac t iv i t i e s .  k o m  this 

three dimensional surface it can be seen t h a t  with an increase i n  source lengths a t  

any spec i f ic  activity there  is  a rapid increase i n  the  cost  of cobalt 60, but t h a t  

there  is a minirman a t  a short  source length. The point at  which this nini.mm cost 

occurs on t h e  source length axis changes with various source diameters. 

shown t h a t  t he  cost decreases generally w i t h  increasing specif ic  activity, 

s ince the  p r i ce  of cobalt 60 changes a t  10 and 50 curies per gram there  i s  a s t ep  

where there  otherwise would be a smooth surface. There is a peak a t  the very low 

specific a c t i v i t y  t h i n  w a f e r s ,  which is a highly uneconomical use of cobalt 60. 

same f igures  are redrawn i n  Fig. 7 t o  show the  e f fec t  not only  of increasing length 

but a l so  of increasing diameter. 

surface is shown complete, The m i n b m  cost  is a t  a length of about 0.5 t o  1 c m  

length at all diameters, except a t  the very small  diameter sources where t h e  de- 

,;eased rhm results i n  a marked cost  peak, The same type of graph occurs but a t  

different leve ls  with t h e  other specif ic  ac t iv i t i e s .  

Tables 5 through 8 

It is a l s o  

However, 

The 

For a spec i f ic  activity of 10 curies per gram t h e  

In Tables 5 through 8 t he  data from Tables 3 and 4 were recomputed t o  stete 

the  cost  of the  t o t a l  source and t he  cost  per rhm when calculated t o  include many 

more f ac to r s  than the  raw cobalt  60 cos t  as  used on the previous tables. 

t he  cos t  f ac to r s  as explahed on the page preceding Table 5 have been changed, 

addition t o  the  cost  of t h e  Bource material  there  is included a cost of $210 f o r  t h e  

standard source capsule. There is included a handling charge of $10 f o r  each source. 

The loading charges are included and a shipping charge, which is based upon a simpli- 

Notice t h a t  

In 

f ied  system of computing shipping charges, has been added. The cost, however, does 

not include rental on a shipping container o r  the  cost of loading t he  source in to  a 

' 'etherapy machine. 

preted, 

ly 6CO rhm, on Table 4 we f ind  such an output can be achieved by using a 2 cm 

An example can be given t o  show how these f igures  a r e  in te r -  

If it is decided t o  design a cobal t  60 source with an output of approximate- 

1 1  3 b 3 7 5  
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-me te r  source 3 crn long which gives an output of 6U rhm and uses 820 curies of 

activity, 

60 will cos t  about &,1% o r  about $6.82 per rbm. 

cos t  of t h e  source but i s  o n l y  t he  cost  of the cobalt 60 in the  source. When w e  add 

t h e  source capsule, handling, loading, and all cos ts  except shipping, this cos t  

increases, as shown on Table 6A, t o  $4,760 or  $7.75 per rhm. 

From Table 6 it can be seen t h a t  t h e  3 an length of 2 cm diameter cobalt  

Th i s ,  however, is not the t o t a l  

If t h e  source were 

shipped t o  New Pork C i t y  t h e  cos t  then would increase to $4,812; if it were shipped 

t o  San Francisco it would increase t o  $4,903. 

To give a be t te r  p ic ture  of t h e  meaning of Tables 5 through 8 a number of 

spec i f ic  examples have been selected and a r e  sham i n  Figs, 8 through 11. 

a 1 c m  diameter source was chosen a t  50 curies  per gram spec i f ic  activity. 

In Fig. 8 

With 

increasing lengths of the source t h e  t o t a l  rhm i s  shown a s  the  heavy line.  

14qe shows t o t a l  curiage, t h e  dotted line shows the t o t a l  cost  of the  source, and 

The l i g h t  

another dotted line shows the  cos t  per rh. In Fig. 9 is sham the  r e su l t s  when a 

1.5 cm diameter source i s  used. 

meter source is used at 10 curies per gram and F‘ig. U. a t  50 curies per gram spec i f ic  

activity. 

Figure 10 shows the same factors when a 2 cm dia- 

I n  Fig. 12 there  is shown t he  e f f ec t  of adding the handling charges to the  

c o s t  of the raw cobalt  60. Without handling charges 10 curie  per gram material has 

an advantage o v a  the  50 cur ie  per gram, but t h e  50 curie  Per gram has an advantage 

over 11 curie per  gram material. Since handling cos ts  are fixed charges within wide 

ranges of activfty, the  handling charges are more effect ive i n  the  lower specific 

activity material and hence 50 curie per  gram material is economically better than 

t h e  10 curie per  gram material. A t  11 curies  per gram t h e  cos t  is even higher. 

Tables 9, 10, and 11 

To g e t  a be t t e r  picture  of t he  effect of specif ic  a c t i v i t y  on the t o t a l  

curiage and rhm output, Tables 9, 10, and U are computed t o  show the  data fo r  t h ree  

reasonable standard source sizes, a 1 an, a 1.5 cm, and a 2 ern diameter rod. A t  
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various lengths and various specific act ivi t ies  the to t a l  curies a re  shown i n  the 

f i r s t  part of the table and the rhm output i n  the second par t  of each table. 

Table U, the 2 an diameter source size was taken and the  costs were computed f o r  

the source alone and f o r  the encapsulated source shipped t o  New York C i t y .  

then converted to cost  per rhm. 

In 

This was 

From the data on Tables 9 t o  11 the cost of a 2 cm diameter source has been 

recomputed. 

30 curies per gram a change is made a t  10, 30, 50, and 70 curies per gram. 

i s  impossible t o  administer an accounting system with a continuous change in cost 

w i t h  changing specific act ivi ty  some breaks must be made. 

system of making the break a t  10 and 50 curies per gram, the use of more easily 

available 20 and 30 curie per gram material involves a penalty. 

easily be obviated and the cost-specific activity curves smoothed out by making the 

breaks somewhat more frequent. 

Instead of making the change i n  cost due t o  specific activity a t  10 and 

Since it 

However, w i t h  the simple 

This penalty can 

Almost anything of reasonable size can be irradiated in a nuclear reactor. 

With proper consideration of the time relationships, almost any reasonable specific 

act ivi ty  up t o  100 curies per gram can be achieved, but this cannot be done without 

affecting cost. However, on a voduction l i ne  scheduled to  produce many sources, a 

reactor cannot be efficiently operated unless there i s  some standardization of cost, 

sizes, shapes, and irradiation time. 
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THE EZ'FEXT OF $ W E  LELCTH ON TTWNSPESSION AND COST 

Right Cylinder R o d  Source - Data f o r  1 cm Diameter Rod 
Cross Sectional Area = 0.7854 cm2 -0 Volume = 0,7851, c d  at 1 cm Lfngth 

rhm f o r  1 Curie = 1.35 - lP f o r  Co 60 Through Co 59 is 0.44 cm- 
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3 

-- 
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16.46 

22.13 
111.83 
9.28 

6.34 
49 04 
2.56 

1.32 
1.01 
0.31 

1.54 
0. 17 
0.17 
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d+ 
d-c. 

4J 
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r n r n  
0 
0 
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180 
265 

43 5 
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775 
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U60 
163 0 
1800 

2655 
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- 

- 
x 
2 
g"3 
%E! 
4 &  rn 
0 
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24.55 
8.66 
6.96 

7.10 
7.87 
8.95 

1 o . u  
11.44 
12.88 

11.38 
15 . 89 
17.50 

25 *4l 
33.54 -- 

- 
* CQ~dLhted at  specific act ivity of 5 curies/gram o r  43.5 curies/& uniform 

distribution. 

+H- F r o m  Dixon'a Function F+ (pa) see graph. 

-* I = rhm with self zbsorption; cr = rhm without self absorption/cd; A = cross  
section area 104.82 x 0.7854 = 46.12 1.785 

C A  = 

, 

& ,Theoretical maxinun is defined es I max = A c / p  

, , Cost = $100 f o r  first 2 Curies plus $5 for each additional curie or fraction 
thereof . 
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7 

10 

1 5  
20 

2 2 7  (max) 

Co 60 through Go 59 

Calculation of Self Absorption Function e (pa) 
(From Dixon, W a  R., Nucleonics 8: 68, A p r i l  51) 

.05 
025 
.5 

1 
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2 .  
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10 
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IrlQ 
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4.40 - 

(see graph) 
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transmission 
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Tables 5A - 6A - 7 A  cnd 8 A  

Co 60 

The Total  Cost of Co 60 Sources o f  Various Dinensions 
at Specif ic  Act ivi ty  Stated on Table 

Cost includes following fac tors :  

Specific a c t i v i t y  of 5 curies per gram $la f o r  f i rs t  2 curies  plus $5.00 per 

Specific a c t i v i t y  of 10 curies  per gran = $100 f o r  f i r s t  2 curies  plus $5.00 per 

Specif ic  a c t i v i t y  of 50 curies  per gran = 8150 for f i r s t  2 curies  plus $7.50 per 

cur ie  f o r  each ndd i t iond  curie  o r  
f r ac t ion  thereof. 

cur ie  f o r  each addi t ional  cur ie  or 
f r ac t ion  thereof. 

cur ie  f o r  each addi t ional  cur ie  o r  ~~- - 

f rac t ion  thereof. 
ecif ic  a c t i v i t y  of 100 curies  per gran = $200 f o r  first 2 cur ies  plus $lO,CO 

per cur ie  fo r  each additibnal cur ie  
or  f r ac t ion  thereof. 

Standard Source Capsule = $20 f o r  each source 
Handling Charge = $10 f o r  each source 

Loading Charge = $200 up t o  750 curies 
= $350 up t o  2000 curies 
= $500 over 2000 curies 

Shipping Charges = l C O O l b s  f o r  sources up t o  750 curies  
= 2cOO lbs f o r  sources up t o  2000 curies 
= 4COO lbs f o r  sources over 2G00 curies  

Shipping t o  New York City and Denver by Hotor Freight 
Shipping t o  San Francisco by R a i l  Freight 

T h i s  charge does not include r e n t a l  on shipping container o r  cos t  of loading Source 
capsule i n t o  teletherapy mchine. 
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Table 1 lA 
Cost of 2 c m  Diameter Rod* 

I spec i f ic  a c t i v i t i e s  - curies per grm 

n c / g /  m c / g  i 
230 367 750 772 I 1162 
679 816 1199 1221 1611 

I 
2120 
2569 

105 160 
609 

43 5 
884 

775 
1221, 

11160 
1909 

2040 
2489 

2825 
3274 

9880 

19580 
20202 

l.460 23921l 6285 
1909 1 

284l I/ 6907 I 
7ll7 11002 
6495 i"" 

28884 1 39264 
QOCO 57580 
42824 i 58404 

I 592241 830241 

77800 I 109500 1 
7S6241 110324 

I 
9157 24735 25560 I 0130 
9779 25559 26384 1 0954 

55940 76710 
56764 77531, i 5560 

6182 

Cost on top l i n e  i s  fo r  source alone. 
source delivered t o  New York City. 

Cost on second l i n e  is  for encapsulated 

153 89 
36.69 
22.34 

16.61 
15 46 
15.74 

34.02 
10.65 

8. cg 
7.79 
8. ll 
9.46 

~ 

19.02 
7.37 
6.26 

6.68 
7.81, 
8.93 

20 45 
9.38 
6.48 

9.46 
ll. 13 
12.84 

11 . 21 
7.35 
7.57 

8.88 
10.53 
12.31 

.., 0.1 
" 0.5 
. 1  

2 
3 
4 

I 

! 

I 

cur ies  
1-10 = $100 f o r  f i rs t  2 curies plus $5 per curie fo r  each additional cur ie  o r  

U-50 = $150 f o r  f i rs t  2 cwies plus $7.50 per curie  for ecch additional cur ie  

51-100 = $200 for f i rs t  2 curies  plus $10.00 per curie for w-ch additional cur ie  

f rac t ion  thereof . 
or  f rac t ion  thereof. 

o r  f r ac t ion  thereof. 

Handling charges f $ 4 9  up to 750 curies 
'nclude shipment J $622 up t o  2000 curies  

$821, over 2000 curies  1 New York C i Q  





AN AVAILABLE COBALT 60 SOURCE FOR TELETI-ERAPY 

Marshall Brucer, M.D.* 

A double overlapping cloverleaf source was designed t o  make maxhm use of 

t he  cobalt  60 currently i n  p l en t i fu l  supply from one of the Oak Ridge f ac i l i t i e s .  

Such source m a t e r i a l  is manufactured i n  serendipity and can almost be considered a 

use f o r  "waste" neutrons. There are no foreseeable ovemiding p r i o r i t i e s  that would 

in t e r f e re  with its production. 

diameter and 0.32 cm diameter.rods. 

and with specific a c t i v i t i e s  ranging from 7 t o  11 curies per gram. 

This source material i s  now available as 1 cm 

The rods a r e  available i n  lengths Up to 4 cm 

For teletherapy use, when sources i n  the multihectocurie range a re  used, 

it is an advantage t o  have a short  Source t o  Skin Distance (Sa) available. This 

w i l l  r e s t r i c t  t he  maximum alluwable diameter of the source below that of a . b g W  

machine. Approximately 2 c m  has been a r b i t r a r i l y  chosen as allowable. With this 

diameter approximately 30 cm collimation distance w i l l  give penumbra relationships 

similar t o  those of the la rger  machines. 

t he  double overlapping cloverleaf, as shown i n  Fig. 1, was chosen as 8 mEudrmrm 

compromise of economy, curiage, penumbra, and available materials. 

Following a t r i a l  of many arrangements, 

The cloperleaf source consists of seven pieces of cobalt 60: s i x  pieces 

are 1 cm diameter by 1 cm length, and one is 0.32 c m  diameter by 1.27 cm length. 

The small piece i s  used as a cent ra l  core and the larger pieces are grouped around 

this core in  two layers. The top layer i s  i n  a cloverleaf pat tern with three 1 cm 

rods arranged at  1200 angles around the core. 

6sO out of phase. 

cobalt 60 h three different 'depths. 

cen t ra l  core, i s  1.27 cm. 

The bottom layer i s  similar but is 

Thus t he  t o t a l  surface as presented t o  the patient contains 

The depth of 6.3 per cent of the area, the 

The depth of  67.5 per cent  of t he  area is 1 cm but half 

* Chairman, The  Medical Division, Oak Ridge Ins t i t u t e  of Nuclear Studies, Inc., 
Oak Ridge, Tennessee, under contract  with the  United States Atomic Energy 
Commission. 
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of this area is a t  1 cm greater  S S D ;  t he  depth of 26.2 per cent of the  area is 2 cm. 

The maximum diameter of the  source is 2.3 cm; the minirmrm diameter is l e 9  a m  

The source capsule f g r  the  cloverleaf design has been d r i l l e d  t o  f i t ;  there  

is  thus the poss ib i l i ty  of maximum shielding i n  all except t he  forWard direct ion 

where there  i s  no unnecessary shielding. 

loading. 

A j i g  has been made t o  al.low f o r  S-le 

The cloverleaf fits into the  standard source capsule(1). 

The charac te r i s t ics  of the  f irst  such source t o  be made can be used as an 

example of the advantages and disadvantages of the design. 

a re  shown i n  Table 1. 

These charac te r i s t ics  

From Table 2 a calculat ion has been made of the expected roentgens per hour 

a t  a meter (rhm) from such an overlapping cloverleaf design. 

measurement indicates t h a t  we should expect about 476 rhm or  7.9 roentgens per 

minute a t  a meter (rmm). The actual  measurement was 381 rhm Of 6.35 rmm. 

of corrections can p a r t i a l l y  explain t h e  discrepancies. 

4 per cent  absorption in the  s t e e l  cap of a prototype source capsule and our 

measurement of the  output was made about two months after the  measurements of the 

individual pieces. 

The calculated 

A number 

There was a p p r o a t e l y  

The calculated value w a s  reduced t o  an expected 7.4 rmm. 

The remaining discrepancy is probably due t o  the  way i n  which the  individual 

These pieces were measured t o  give us the  original "paid-for-valuelt of 452 curies. 

measurements a r e  made by the Oak Ridge National Laboratory f o r  the purpose of 

determining the  pr ice  of t he  cobalt. 

of lead attenuation between the  source and the  detector in  a very broad beam 

geometry. 

t o  measure t o t a l  curies aad the  confidence l e v e l  is not better than 20 per cent. 

The detector  "sees" an aspect of each individual piece of cobalt  which might be 

different from that used in  a teletherapy machine. 

of t he  source i n  the  teletherapy machine w e  measure only a small f rac t ion  of t h e  

They are made in a lead chamber with an inch 

Although the  instruments are cal ibrated accurately they are calibrated 

In the measurement of t h e  output 
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4 ~ r  geometry i n  a i r  even with the la rges t  cone i n  the teletherapy unit, and l i t t l e  

of the  s c a t t e r  build-up is  included. 

f o r  discrepancy the use of a wide beam geometry in the  calculation of curiage w i l l .  

give a constant bias and therefore it is t o  be expected that the  statement of 

curiage on t h e  shipping t i c k e t  w i l l  be about 10 per cent higher than if it were 

It appears that of a l l  these poss ib i l i t i e s  

measured under the conditions of teletherapy use. 

difference i n  expected t o  actual output is uniform a t  any curiage, the absolute 

value assumes considerable magnitude in high curie  sources. 

Although the  proportional 

The cos t  of the  cobal t  60, adjusted t o  match the  data  i n  Table 3, f o r  t he  

cloverleaf source was $2,750 or $7.20 per rmm on delivery. 

economical source nor i s  it the  most economical design. 

calculate  the  probable cost  of'what might be designed as a bes t  possible source(2) 

It is  not the most 

It i s  interest ing to 

when the same or even b e t t e r  production f a c i l i t i e s  are used. Such a source might 

be a 2 c m  diameter d isc  i r rad ia ted  i n  t h i n  sections. To ge t  an output of 381 rhm 

a s  measured f o r  the cloverleaf the length would have t o  be 1.4 cm and the cos t  per 

rhm would be $6.50 as shown in Table 3.  

curies/gram cobalt  60 i n  which case the source would be 0.25 cm long and cost  $7.80 

Such a source could a l s o  be made of 50 

per rhm. 

be i n  the 50 curies/gram range and the cost  would be higher. 

If a 1.0 cm diameter source were used, the specif ic  activity would have t o  

The 1 cm diameter 

source, with its be t te r  than necessary penumbra relationships,  is already on the  

upswing of a rapidly r i s ing  curve of costs  versus increasing spec i f ic  act ivi ty .  

The 1.5 c m  diameter source i s  st i l l  i n  the  cos t  range comparable t o  the  lower 

specif ic  activity and appears t o  be an excel lent  source size. 

cobalt 60 machine is designed f o r  a maximum of 600 rhm, Table 3 shows the cos t  

re la t ionships  at  mafdmum output. 

1800 rhm teletherapy machine. 

Since the hectocurie 

For comparison, similar da ta  are shown for an 

A feu other very important points m u s t  be considered. The higher curiage 

machines, which are especial ly  valuable in  ro ta t iona l  therapy, must use high 



spec i f ic  a c t i v i t y  cobalt 60 and 

- A -  

cannot use lower specif ic  a c t i v i t i e s  Since the 

a c i l i t i e s  fo r  high specific acYivity production a re  limfued, all of ,heir pro- 

duction should be saved f o r  those machines. 

valuable reactor  space, which m u s t  be allocated under a s t r ic t  p r io r i ty  system. 

Further, the problems of handling the higher curie sources increase almost 

exponentially with increasing curiage. 

shield must be taken i n t o  accoun€. 

f o r  handling high curiage sources, and even today these a r e  new- and handling BX- 

perience is limited. 

High specif ic  a c t i v i t y  demands 

Costs  i n  addition t o  those of the  source 

Unt i l  a few years ago there  were no f a c i l i t i e s  

The 10 aurh&cn specific a c t i v i t y  mater ia l  is produced in AEE fhc i l i t y  that 

As long as such produces neutrons fo r  various purposes not re la ted  t o  teletherapy. 

neutron production is necessary, such a production of low spec i f ic  ac t iv i ty  cobalt  

60 contains a hidden subsidy, 

60 need not be on a s t r i c t  p r i o r i t y  allocation. 

production and it is believed that there  always w i l l  be suf f ic ien t  amounts available, 

SO t h a t  the low activity material can be exported without danger of affecting the 

American neutron economy. 

Further, this type of lar specif ic  activity cobalt  

There can always be a guaranteed 

The cloverleaf design has only one advantage t o  recommend it, and this 

advantage takes ultimate precedence over a l l  other fac tors  a t  the  present time and 

probably f o r  some time t o  come; it uses cobalt 60 that i s  available now. 
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Table 1 

Dime t er 

Length 

Are& of Presenting Face 

Volume 

Weight (d = 8,s) 

Total Weight of Source 

Tota l  Curiage (aRNL*) 

Average Specific Activity 

Average Curlage per piece 

* Oak Ridge National Laboratory 

1 ern rod 

1.0 cm 

1.0 cm 

0.7854 at2 

1/8 inch rod 

0.3175 cm 

127 ern 
2 0,1008 ern 

0.7854 en? 0.1280 cm3 

12.0 curies 73.35 curies 



d 

* 

4 a a 
a 
0 
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Table 3 

Cost of Cobalt 60 Sources 

Cost includes cobalt  60, capsule, loading, handling, and shipment to  New York City 

Diameter Length Specific Activity Curies Total Cost Cost per rbm 

6.3 

2*0 cm 

2.0 c m  

1.5 cm 

1.0 c m  

2.85 cm 

0.37 cm 

0.65 cm 

2.00 cm 

780 

485 

5 15 

680 

$7. 60 

$7.10 

$7.30 

$9.50 

Canadian unknown 
quotat ion sizes 

7 500 $8,800 re i r rad ia t ion  
allowance 

30 rmIn 

2.0 cm impos sfble 10 c/gm -- --e -- 

1.5 cm 3.25 cm 50 c/gm 2550 $20,000 $ll.oo 
1.0 cm impossible 50 c/gm 

2.0 cm 1.23 cm 50 c/m* 1650 $13,250 $7.40 

- -- I- 

Canadian unknown 
quotation sizes 

3 cm? 3 anlm2c.l 3 - 18co $23 9 220 re i r rad ia t ion  
allowance 





CHECK LIST OF REQUmNTS FOR TELETHERAPY MACEIINES 

Abstracted from the  manuscrqpt of Hadbook 54, Notional Bureau of Standards. 

This check list is  taken d i r e c t l y  from the  f S y 1  copy of Handbook 51t "PfQtec- 

Cesium 137 Eacapsulated Sowce6", t i o n  Against @dipt ion from %diu ,  Cobalt 60, 

National Committee on Radiation Protectlop, N a t i o a  Bureau o f  Standards. 

October 3, 1953, representatives of fhe Oak Ridge I n s t i t u t e  of Nuclear Studies, the 

,& Sunday, 

Isotope Division of the United S ta tes  Atqm$c Energy Commission, Atomic Epergy o f  

Canada I&$$ed, and t he  X-ray industry met to discuss teletherapy i n  human radUo- 

graphic problems with Isotopes. 

included i n  the copy of the  m u t e s  9f t h i s  joip$ meeting, 

w i l l  be publish@ within the  next few months and there is no need for a review of 

t he  material here, In  this cheek Iist I have attempted t o  extract  from the manu- 

s c r i p t  copy of Handbook 54 those features  t h a t  are necessary f o r  a manufacturer t o  

-onsider in the  design of a teletherapy machine. 

t h e  document issued on October 3, 1953, and thqt concerns tbe pro tec t im  requirements 

f o r  t he  primary teTetherapy shield. 

list. 

MQS$ o f , t h e  d e t a i l s  from t h e  new hsndbaok are 

The handbook, however, 

There is one important change from 

The corrected version is given i n  the following 

Handbook 54 is concerned only with protection problems and has quasi-legal 

s t a tus  i n  that it represents the  cument "best possible opinion". 

and should l a  t he  NBS handbook recommendations a r e  used in the  check list and a r e  

The use of shall 

defined as follows: 

I Shall denotes that the  ensuing recornendation is  necessary 
o r  essential t o  meet t h e  currently accepted standards of 
protection. 
are to be applied when practicable. 

Shauld indicates  advisory recommendations tha t  

. 
Check List of Protection Reauirements from Handbook 54 

1. Foolproof Dspign. Teletherapy apparatus must be so designed as t o  be 

rsractically foolproof i n  operation aad it mast  be improbable f o r  any accidents t o  
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Leave t h e  source unshielded. 

2, Kinds of Hazard, Hazards t o  be considered i n  the  design of teletherapy 

machines are:  a. Those harmful t o  hum- beings. b. Those t h a t  in te r fe re  with 

function of eqd-pment or  damage t o  materig0.1 ssasi"l?re t o  radiat ion (photographic 

filns). 

3.  Isotopes a re  Monoergic. UnlSce X-ray me.chines, radioisotope sources ure  

~ 2 d a . y ~  Iton' 

zadiation i s  not a continuous spectrum but i s  from e i ther  s ing le  or multiple mono- 

e q i c  gamma energies. 

g s m  energy than f o r  a similar peak energy from an X-ray generator, 

Hence, protection requirenants a re  d i f fe ren t  . With most isotopes, the  

The protection requirements will be higher fo r  a monoergic 

4. Defillition of Permissible Dosep The permissible external radiat ion l e v e k  

f5r long term occupational exposure will be reported i n  anNBS handbook soon t o  be 

pu3lished. The 

t i 3 b  

following is extracted from the  manuscript: 

A. 
or major porbions thereof is exposed solely t o  X rays 
with f u l l  time energies l e s s  than 3 Xev from e-uternal 
sources f o r  an i n d e f i n i t e  neriod of years, t he  mnxirnum 
permissible total weekly dobe sha l l  be 300 m measured 
i n  a i r  at  t h e  point of highest weekly dose i n  t h e  region 
occupied by t h e  person, provided tha t  the actual  t o t a l  
weekly dose i n  the  gonads does not exceed 300 mad. 
B. 
corresponding maximum p e r d s s i b l e  t o t a l  weekly doses 
s h a l l  be double t h e  previously stated values provided 
t h a t  t h e  ac tua l  t o t a l  weekly dose i n  the lenses of the 
eyes does notexceed 600 mad. C. For adults of any - age whose hands and forearms (or f e e t  and ankles) are 
exposed so le ly  t o  X rays from external sources f o r  an 
indefinite period of years the  maximum permissible 
weekly dose shall be 1500 mati in t he  skin. D. For 
adults of am age whose en t i r e  body or  major portions' 
thereof is eqosed  t o  ionizing radiat ion of very low 
penetrating power from external sources (half value 
layer less than 1 mu of s o f t  t issue) ,  t h e  maximum 
permissible t o t a l  weekly dose i n  the  skin shall be 1500- 
mad provided t h a t  the  t o t a l  weekly dose i n  t h e  lenses 
of the  eyes does not exceed 300 mad. 
mended tha t  in cases i n  which minors may be exposed t o  
radiat ion i n  the  course of t h e i r  normal ac t iv i t i e s ,  
protective meamres be taken t o  make sure  t h a t  no minor 
ac tua l ly  receives radiat ion a t  a weekly r a t e  higher 

For adul ts  under L5 ye333 of ape whose en t i r e  body 

For persons L5 gears o r  olde=. similarly exposed, t h e  

E. It is recom- 
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than one-tenth respective basic permissible weekly doses 
f o r  the c r i t i c a l  organs, F. Permissible dose shall be 
applied t o  the  t o t a l  dose t o  which a person ' i s  exposed 
throughout t h e  week. 
i n  cases of simultaneous and separate exposures t o  m o r e  
than one source of ionizing radiation. 

This i s  an important cons idera t ioa  

5. How t o  Furnish Protection. Protection from radiat ion can be achieved i n  

any one or a combination of t he  following factors :  Increasing the  working dis-  

tance from t h e  source of radiation. b. Reduciag the  time of exposure. c. Inter- 

posing attenuating (protective) bar r ie rs  between the  source of radiation and t h e  

person exposed, 

6 .  

a, 

Occupancy Factors. For use as a guide i n  planning ahielding where com- 

p l e t e  occupancy data  a r e  not available the  following occupancy fac tors  can be used: 

a. 

dark rooms, corridors, and waiting space la rge  enough t o  hold desks, r e s t  room used 

y t he  radiological staff and others rout inely exposed t o  radiation, and play areas. 

Full occupancy (T = 1). Control space, residencies, wards, o f f ice  work rooms, 

b. P a r t i a l  

desk space, 

rooms. C. 

c lose ts  too  

sonnel, 

occupanc~ (T = *). Corridors and X-ray departments too narrow f o r  fu tu re  

rest rooms not used by radiological personnel, parking l o t s ,  and u t i l i ty  

Occasional occupancy (T = 1/16). 

small f o r  fu ture  work rooms, rest rooms not used by radiological per- 

\ 

Stairways, automatic elevators, s t ree ts ,  

----- _- ___ .- .--- - ---- 

7. The Use of Barriers. The thickness of barr iers  fo r  protection against  

rad ia t ion  can be computed i n  many di f fe ren t  ways. 

description of one useful method of calculating such barriers.  

econo&, barriers should be placed as near t o  the  source as possible. 

of t h e  barrier is  not reduced by this procedure but the  area and therefore the volume 

is reduced. b. Concrete, marble, and similar materials generally provide t h e  most 

economical bamier, but, lead may be required where the space is lfmited, or where it 

Handbook 54 gives a detai led 

a. For reasons of 

The thickness 

desirable  t o  reduce the  total weight of the  barrier.  C. A l l  openings in barriers 

such as f o r  doors, windowa, and pipes, shall be provided with a t  l e a s t  the radiation 
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protection required by the  surrounding barrier.  Jo in ts  between the same of 

d i f f e ren t  kinds of protective materials shall. be constructed t o  provide the  same 

protection as tha t  required of t h e  adjacent material. 

Transportation of Sources: 

d. 

8, Regulations on Transport. Proper transportation of radioactive materials 

i s  subject t o  federal, state, and local regulations. 

shipment of sources should be familiar w i t h  the  current regulations of the  I n t e r s t a t e  

Commerce Commission, t he  Post Office Department, the  C i v i l  Aeronautics Board, and the  

Bureau of Explosives. 

prohibi t  t h e  shipment of dangerous material through vehiclular tunnels o r  over major 

bridges . 

Those responsible fo r  t h e  

Various l o c a l  tunnel and bridge au thor i t ies  may regulate o r  

9. ICC Regulations. The In t e r s t a t e  Commerce Commission does not permit Ship- 

nent of over 2 curies o f  radium or  2.7 curies of cobalt 60 or cesium 137 in express 

packages. Complete ICC regulations a r e  available from the Bureau of Explosives, 

Association of American Railroads, 30 Vesey St. , New York 7, N.Y. (Current p r i c e  

$3 50) 

10. CAB Regulations. The C i v i l  Aeronautics Board w i l l  i n  general prohibi t  

Since t h e  shipment of teletherapy sources by air, except with special  p d s s i o n .  

airlines a r e  not required t o  accept shipments even if they meet CAB regulations, 

some a i r l i n e s  refuse all shipments of radioactive materials, 

The Source and Its Capsule: 

ll. Information t o  Bwer. Teletherapy sources are generally defined as those 

sources emitting gamma rays between 1 and 50 rmn. Complete information regarding 

construction of t h e  capsule ELlad s h i e l d  shall be provided t he  buyer or user by t h e  

manufacturer. 

12. Marking of t h e  Causule. Wherever s i z e  permits t he  content of the capsule 

Shall be c lear ly  and permanently marked and be readily ident i f iab le  from a consider- 

able distance. When s i zes  and shapes are not adequate, other means of ident i f ica t ion  
I I ’ l b l i IO  
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3hOad be employed. 

the  handbock, except 

The standard 

t h a t  it does 

source capsule meets all of the  recommendations of 

not provide for marking on the  source. It is  

expected that on teletherapy machines the  same character is t ics  will be plainly marked 

on t he  machine. 

U. Removal o f  Source Material. Removal of radioactive material f rom perma- 

nently sealed sources should be done only by those persons part icular ly  trained and 

equipped t o  do the  job. Any dismantling shall be limited t o  the r e n o d  of t he  

Source in its capsule. 

yt. Desizn of Source Capsule, Containers f o r  sol id  sources shall be designed 

t o  prevent t he  release of highly radioactive dusts. 

l iquids  shall be especially designed t o  prevent accidental re lease of the material. 

These cogtainers should be doubly protected against leakage. 

Containers f o r  loose parders or 

15. Capsule Shal l  be Airtight. Sources shall be sealed i n  a i r t i g h t  capsules 

of su i tab le  material, 

16. Contamination on Capsule. After t he  isotope i s  loaded in to  i t s  permanent 

capsule, t he  capsule shall be scrubbed clean of contaminating radioactivity. 

s h a l l  not be released by t he  manufacturer unt i l  a reasonable tes t  reveals no signif- 

icant  contamination. 

It 

17. Glass Prohibited. 

glass  or  other breakable containers. 

Isotopes used i n  teletherapy shall not be sealed i n  

18. Gas Production. Certain teletherapy sources, which are  subject to. 

decomposition, should be sealed in  a powdered source container and then resealed in  

a second safe ty  capsule containing an a i r  pocket. 

The Teletheram Auparatus t 

21. Protection Requirements f o r  t he  Housing. The housing and collimating 

vices s h a l l  be so constructed that a t  one meter in  any direct ion from the source 

in the  lroffn position the  naaxFnum and average dose r a t e s  do not exceed 10 m/hr and 

r$ m/hr respectively. In order t o  reduce the  integral. dose t o  the patient,  t he  
1 1 3 b 4 3 1  
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leakage radiat ion i n  t h e  'lonll posit ion should not exceed fi of t he  useful beam both 

measured at one meter f r o m  the  source. 

or lower will r e s u l t  i n  a more economical secondary protective barrier. 

A reduction of the  leakage radiation t o  0 . s  

22. Multiple Source U n i t s .  In  multiple source units each source should meet 

t h e  protection requirements of a s ingle  source unit except t h a t  the  protection re- 

quirements f o r  the e n t i r e  apparatus shall in no s i tua t ion  be less than those r e c o m -  

mended for a single  source unit. 

23. Diaphragms. Adjustable beam defining diaphragms when used s h a l l  a l l o w  

transmission of not more than 5% of t h e  useful beam dose r a t e  outside the  useful 

beam. 

24.. Fi l t e r s .  Where filters t o  harden the radiat ion are considered necessary 

t h e  f i l ters  shal l  be a permanently affixed pa r t  of the  housing, 

25, Line-uu of Source i n  WFF"1 Position. The relat ionship of the source and 

t h e  collimating openings s h a l l  be such t h a t  i n  the  "off" posit ion of the  beam the  

moving pa r t  shall a l w a y s  re turn  t o  a posi t ion of shielding defined as safe. 

26. Line-up of Source i n  lrON1l Position. I n  the  l1on11 posit ion the  m o v i n g  

parts  shall always come t o  r e s t  with the source and the  beam collimating device 

accurately aligned . 
27. Liquid Shutter. If a l iquid nonll--"offl! device is  used the  l iquid 

container shall be filled and emptied with less than a 5% change i n  dose rate i n  

t h e  "onf1 position. 

28. Mercury Shutter. If the  l iquid used i n  an %xPJ*off* device is mercury, 

provisions should be made f o r  periodic tests for leakage of mercury vapors, since 

they are tox ic  and may also affect t h e  film badges used i n  monitoring personnel. 

29. Beam Control Shutter. The beam control m e c h a n i s m  s h a l l  be of a positive 

'esign capable of acting i n  any posit ion of t h e  housing and s h a l l  shut off automatic- 

ally. 

designed that it can be IIg9nu8uy turned off w i t h  a minimum r i s k  of e.xposure. 

In addition t o  the automatic closing device, the  apparatus s h a l l  be so 

I f 3 b h  I2 
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30. Design of Moving Parts  i n  Shutter. The moving parts s h a l l  be SO designed 

that it i s  highly improbable fo r  projections, breakages, loose screws, d i r t ,  o r  

failure 0 f . q  part t o  impede the  closing of the  source, 

31. nONnJIOFFn Warning. There sha l l  be at the  housing and on the  control 

panel a warn ing  device that c lear ly  indicates whether t he  apparatus i s  "ontt or  Itoff''. 

32. Shut-off Timer. The controls ehall be provided with a timer t h a t  automa- 

t i c a l l y  terminates the  exposure a f t e r  a pre-set  t h e .  

33. Automatic C l o s i q .  The closing device s h a l l  be so designed as t o  re turn 

automatically t o  the  "off" posit ion i n  the  event of any breakdown o r  interruption of 

the act ivat ing force and shall stay i n  t h e  "offr* position when the  force goes on 

again u n t i l  activated from controls. 

34. Control Lock. The beam controls shall be provide3 with a locking device 

t o  prevent unauthorized use. 

i he  Teletherarrp Room: 

35. Lead Barriers. Lead barr iers ,  if used, sha l l  be mounted i n  such a manner 

that they w i l l  not creep because of the i r  am weight and shall be protected against  

mechanical damage. 

36. Kovable Barriers. i.iovable bar r ie rs  should not be depended upon except 

for emergency procedures. The primary bean shield affixed t o  a r o t a t i o n a l  device 

should not be considered a movable barrier. 

37. Computation of Direct Beam Protection. Protection f o r  t he  useful beam 

shall be computed without a pat ient  i n  t h e  beam. Protection for sca t t e r  shall be 

Computed with a pat ient  in t h e  beam. 

38. Window and Maze Designs. In general, it is more economical t o  place t h e  

observation window out of t he  d i r e c t  beam and t o  provide a maze ra ther  than a heavy 

.ad or  steel door for access t o  t he  radiat ion room. 

39. Size of Primary Barrier. Primary protective barriers shall be provided 

f o r  any area that the  useful beam may s t r i k e  with the  la rges t  possible diaphragm 

1 1 3 b 4 1 3  
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lpening. 

any possible orientation. 

These barr iers  shall extend a t  least six inches beyond the  useful beam f o r  

40. Extent of Barrier. The barrier shal l  be such t h a t  a t  no place l i a b l e  to 

uncontrolled habitation shall t h e  radiat ion exceed the  dose r a t e  of 300 m r  per week. 

The controls should be i n  a separate room o r  be- 41, Position of Controls. 

hind permanent structures. 

42. Access Doors. All access doors t o  the  treatment room and other hazardous 

areas  shall be provided with e l e c t r i c a l  interlocks; w a r n i n g  l igh ts ,  bel ls ,  or other 

devices should a l so  be provided. 

43. Secondary B a r r i e r s .  Secondary protective bar r ie rs  s h a l l  be provided f o r  

areas  exposed t o  leakage and scattered radiation. 

4.4. Only Patient Allowed i n  Room, The teletherapy machine and i ts  posi t ion 

i n  the  room should be so designed that only t h e  patient should be allowed i n  t h e  

zeatment room during i r radiat ion.  

Other Considerations Involving Nomedical. Amlications 

Generally, teletherapy type machines used f o r  nonmedical applications have 

l e s s  strict regulations and allow f o r  monitoring of nonroutine use by a radiological 

sa fe ty  off icer .  

a r e  usefu l  d e s  t o  observe even i n  teletherapy devices. 

Deviations Allowed Radiation Safety Officer. 

Some of these recommendations a re  for sources of lower output but  

45. In  t h e  event that a s i tu-  

a t ion  beyond the  reasonable contemplation of these recommendations i s  believed t o  

exist ,  any d e h t l o n  shall be allowed only upon authorization by the  radiological  

safety officer after thorough survey of t h e  conditions. 

4h. Labels. Labels s t a t ing  type of activity, amount, and danger ranget 

shielded and unshieldd, should be attached to the  source shield. Lettering should 

; easily read at the danger range, 

46. Label for Source. The presence of a radioactive source shall be c l ea r ly  



Lndicated by a su i tab le  per 

isotope and its curiage. 
* 2  

ling t h e  instrument. 

ent legend on the  face of the  instrument s ta t ing  the  &= 
The source shall be readi ly  distinguishable upon dismant- 

47. Handling Sources. 

sourcea exceeding 30 mrb at  t h e  surface. 

Special  remote handling equipment s h a l l  be used with 

Movement of the  source from shielded 

posi t ion t o  any other posit ion should be accomplished by mechanical linkage o r  other 

remote control methods. . 

49. Calculations Insufficient.  It s h a l l  not be considered suff ic ient  t o  cal- 

cu la te  dose r a t e s  and danger range from multicurie sources from consideration only of 

t h e  amount of a c t i v i t y  present. For these sources, an actual  survey of the  rad ia t ion  

leve ls  should be made. 

radiation. 

Consideration must be given both to primtry and scat tered 

50. Research Ap~aratus.  Teletherapy apparatus used f o r  research shall be 

subject  t o  t he  same design c r i t e r i a  and operational precautions a s  those recommended 

f o r  medical teletherapy apparatus except t h a t  considerations given t o  the  protection 

of t h e  pa t ien t  against accidental  overexposure shall not apply where animals, plants ,  

o r  other experimental materials a r e  being irradiated.  

be taken by m e a n s  of a door lock, o r  alternate means, t o  prevent unauthorized persons 

from entering the  teletherapy mom while the beam is  in the  ltontt position. 

locks need not be e l ec t r i ca l ly  operated. 

Precautions, however, should 

Inter-  

Radiation Surveys and Personnel IvIonitoring: 

51. I n i t i a l  Survey, An initial  survey should be made of axy f a c i l i t y  t o  be 

used for  the handUng o r  storage of radioactive sources. 

52. ReDeat h e m .  If any changes are made In layout  or shielding, or fir 

there is a poss ib i l i t y  of a fault developing through cold flow i n  metallic shielding, 

through wear, the  survey should be repeated a t  appropriate intervals. 

53. Film Surveys. For conditions in which the  dose rate is expected to be 

lar, films may be used i n  making an approxirate survey. 
1 1 3 b l t l 5  
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54. Chamber Surveys. Ionization chamber instruments a r e  required on ly  if a 

p r io r  scanning with a s u t a b l y  calibrated Geiger-Muller o r  s c i n t i l l a t i o n  type of 

instrument indicates occupied regions t o  have a radiat ion l eve l  of over one-fifth of 

t h e  permissible dose rate. 

5 5 .  Protection Survey. No teletherapy in s t a l l a t ion  should be used rout inely 

u n t i l  its safety has been established by a protection survey. 

56. Area Survey. A survey should also be made of a l l  regions adjacent t o  the  

rad ia t ion  rmm, with t h e  beam on, and a pa t ien t  or phantom i n  place. 

57. Pinhole Leaks. Pinhole leaks s h a l l  be considered i n  terms of the  possi- 

b i l i t y  of a hazard t o  operator o r  pat ient ,  ra ther  than i n  terms of specified exposure 

r a t e s  . 
58. Warning Signs. Any r e s t r i c t ions  on occupancy should be indicated 

appropriate warning signs. The sign should be removed when the  hazard i s  eliminated. 

59. Personnel Monitoring. Personnel monitoring should be employed where t h e  

rad ia t ion  safety depends upon proper operating procedures. A film badge, pocket 

dosimeter, or pocket chamber may be used. 

60. Discontinued Personnel Monitoriq.  If a par t icu lar  operation is  routine 

or  r epe t i t i ve  and the hazard is s l igh t ,  t he  loca l  exposure may be established 

init ially without the necessity of wearing these devices continuously. 

61. Instruction of Personnel. Before a person i s  allowed t o  handle radio- 

ac t ive  sources, he should be informed of the  hazards involved and how t o  guard 

against  them. Such an employee should be required t o  read the sections of Handbook 

54 pertaining t o  h i s  work and the  special  sa fe ty  d e s .  

62. Radiological Safety Officer. In  e v q  hospital, c l i n i c  or  laboratory 

handling radioactive sources there  s h a l l  be a radiological sa fe ty  officer.  The. 

'adiological safety o f f i ce r  sha l l  be responsible f o r  the  establishment of satisfac- 

to ry  working conditions according t o  current standards, including those established 



63.  Warnine Signs. Regions tha t  a r e  eas i ly  accessible and that cannot be 

continuously occupied without exceeding the  maximum permissible dose should b e  

posted t o  warn all concerned t F a t  this is a dangerous area. 

64. Personnel Examinations. No spec ia l  examinations other than those con- 

sidered good medical and industrial pract ice  should be required of personnel working 

with radioactivity.  If there  i s  any poss ib i l i t y  of accidental  heavy exposure t o  any 

person, a normal blood count se r fes  for any such individual would be useful as a 

later reference t o  indicate  radiat ion damage o r  absence of s ignif icant  radiat ion 

damage. 

65. Vacation Policx. Vacations should not be considered protection against  

overexposure to radiation. 

66. Accidents. Procedures are recommended for accidents with radioactive 

sources. 

of Handbook 54, should be read once by every person working with dangerous amOUnt8 

of radioactive material. 

where these accidents could possibly occur. 

The detailed statement of what t o  do i n  case of accident, which is a part 

The bandbook should be kept available near any locat ion 
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The Medical Division of t h e  Oak Ridge I n s t i t u t e  of Nuclear Studies  has pursued a 
long range pro jec t  f o r  the study of te le therapy problems, 
and hospi ta l s  are  cooperating Kith the I n s t i t u t e  i n  this program. 

k n t y - t w o  medical schools 

Teletherapy Design Problems I concerned cesium 137 and was published as an BEC 
Report, TID-5086, first revis ion,  May 15, 1952. 
of the L. G. Grimmett Teletherapy U n i t ,  and appeared as the ORINS Quar t e r ly  Report f o r  
the period ending September 30, 1953, The present repor t ,  Teletherapy Design Problems 
111, i s  i n  three sect ions:  
of cobal t  60, which was presented t o  the Third I n d u s t r i a l  Confe5ence on Teletherapy, 
May 14 and 15, 1954; 
as the  type exgnple (to be published by the Marble I n s t i t u t e  of Bmerfca); and the 
f i n a l  repor t  on-the Grimmett model, which will have no fu r the r  publication. 

Because of the  length of this repor t ,  progress notes from other  sect ions of the 
Medical Division and the work from the  University Relations Civision are  being held 
f o r  publ icat ion i n  the next OBINS Quar te r ly  Report. 

Teletherapy Design Problems 11 t o l d  

It includes some of the work on the cos t  and a v a i l a b i l i t y  

Some of the r e s u l t s  of the s tudies  of are& shielding using marble 

1 



COBALT 60; COST. CURIAGE, AND h m  OUTPUT 

Marshall Brucer , MOD 
Howard Hamon . 

The ever  increasing use of cobal t  60 has made i t  des i rab le  to  tabulate  a d e f i n i t i v e  r 

review of the cost ,  curiage,  and rhm output of various arrangements of raw cobal t  60 
wzfers , espec ia l ly  as they are  used I n  te le therapy sources. 

Following the tab les  included ic this review are  statements on %A Standard Cobalt 
60 Teletherapy Source Capsulen and "An Available CoSalt 60 Source f o r  Teletherapy, 
aad a check l i s t  cf requirements f o r  te le therapy machiries. 
kiese two statements complements ths  material to  be found i n  Tables I through 12 of this 
pay;€- 0 

Much of Che mater ia l  i n  

The use of cobal t  60 has been ac explosive phenomenon i n  th3 f i e l d  of deep therapy. 
A nuiiber of manufacturers of X-ray eqtlipinent have p-rivately ventured the opinior, t h a t  
e i s c t r i c a l  generators of X rays a re  already outmoged except a t  the very low and v e q  
high energies.  
cal  reac t ion  to cobal t  60 gamma rays. 
same a t  a l l  reasonable energies.  

The reasoi? f o r  t h i s  rapid acceptance i s  no t  t o  be found i n  the  biologi- 
For  therapy purposes the reac t ion  i s  about the 

If a d i s t i n c t i o n  can be made between the physical cha rac t e r i s t i c s  o f  ths  cobel t  60 
\ern- i r ?  t i s s u e  , and the reac t ion  of the t i s sue  i t s e l f ,  then a cobal t  60 beam does ha* . superio? penetrat ion i n  depth to  t h a t  i n  current  standard equipnent, Also,  t h e  sec- 
ordary 
&an ,doere akin can be daaaged ( b u t  t ~ s  might be interpreted as ai7 improper removal of 
a sdegaa rd  t o  therapy). The e x b n t  of sca t te red  rad ia t ion  out  of the primary beam i n  
t i s sue  i s  markedly lessened with cobal t  60. 
ed with properly designed .high voltage e l e c t r i c a l  generators. 
b a l t  60 is economic and i n  the freedom allowed the designers of equipment. 

I 

alecLrons , i nc iden t  from the f i r s t  l ayer  of the sEn, penetrate below ths re-  

But these advantages have a l l  Sean zchiev- 
The big advantage of co- 

The s s s e n t i a l  economic f a c t o r  i n  rad ia t ion  therapy e q u i p e n t  is rot, t he  c a p i t a l  i n -  
This i s  a cce-shot expense which can ke amortized over a p r l o d  

The e s s e n t i a i  cos t s  a re  5 2  such thirigs as the continuizg Later c o s t  of a ra- 
vestrnecC, i n  a machine. 
o f  years. 
d io the?apis t ss  time and the tiice of his technical  staff. Ths prorated c o s t  of the use 
of hospi ta l  space and of cleaning, heating, and repair ing this space i s  a big f a c t o r ,  
Since such cos t s  a re  highly varied and somewhat o u t  of the cont ro l  of h o s p i t d  manage- 
ment, the only real cont ro l  a board of tms+tees has over  the c o s t  of radiotherapy i s  in 
t h e i r  i n v s s t m n t  i n  equipment that allows the mos', e f f i c i e n t  use of the t i m e  of The 
technical  s t d f .  
i t s  present  high peak of eff ic iencey.  They are only beginning t o  think of cobal t  60 
equipment, and maw improvements can be expected i n  the  next iew years. 
i l l n s t r a t i o n  of changing opicion can be found in an argument comparirg the treatment 
coot for hectocurie and kiloc?mie cobal t  60 machineso 

The X-ray indus t ry  has had many years to develop X-ray eqrripment t o  

An exce l l en t  
4 

L 

+ At the  present  comerc ia lpz ices  of cobal t  60 machines, it is possible to h s t a l l  
two hectocurie (600 rhm) machines r o r  about qb75,OW o r  one k i locur ie  (330 r h j  machine 
for abou', $8S,OGO. 811 of  The gadgetmy 50 Reatment with these nathines i s  iden t i ca l ,  
ake a k i locur ie  rrachine mcre e f f ec t ive  call a l so  bs put on a hectocur-ie rnackine. The 

2 
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only  d i f f e r e n c e  i s  t h a t  a t  %he longe r  d i s t a n c e s  it w i l l  take about  twice as long t o  
gi-re t h e  same t r ea tmen t  with a hec tocur i e  machine, 
ment t i m e  of any machine i s  used i n  g e t t i n g  t h e  p a t i e n t  pos i t i oned ,  fr, c l ean ing  up, ar,d 
i n  t h e  i n e v i t a b l e  dead time between p a t i e n t s ,  
t h e s e  f a c t o r s  : 

However, about  half  of t h e  t r e a t -  

The fo l lowing  t a b l e  d e s c r i b e s  some of 

Two he c to c u r i e  machine s One k i l o c u r i e  machine 

Cos t  of machine 
Cos t  of treatment 

room 
Cost  of lsobalt 60 

T o t a l  machine c o s t  

$25 9 000 

AvePage set'ap time p e r  p a t i e n t  
ATerege t r ea tmen t  time p e r  p a t i e n t  
87erage z l e a n  up and dead t i m e  

5 minutes 
30 minutes 
10 rninut.es 

5 minutes 
10 minutes  
13 mimt,es 

To ta l  t rea tment  time 15 minutes f o r  2 p a t i e n t s  25 minutes f o r  1 
p a t i e n t  

Number of p a t i e n t s  per  d&y . 2 1  p a t i e n t s  19 p a t i e n t s  

With c o r r e c t l y  designed equipment, if a rad io the rapy  staff can handle 20 p a t i e n t s  a 
day, i t  follows t h a t  t h e y  can  handle these  p a t i e n t s  on two machines j u s t  as e a s i l y  as on 
one machine, i n  which case  t h e  use  of two hectocurFe machines becomes r o r e  economical 
t han  one k i l o c u r i e  machine. 12 s p i t e  of t he  f a c t  t h a t  t he  tTeatment time f o r  any one 
p a t i e n t  i s  %-bee t imes as 10% wi th  t h e  hec tocur i e  machine, t h e  d i l u t i o n  of t r ea tmen t  
time wi th  va r ious  kinds of dead time makes t h e  t o t a l  t r ea tmen t  time on ly  about  twLce as 
l o n g  f o r  a naehine wi th  o n l y  one- th i rd  of t h e  ou tpu t ,  
t h e  hec tocur i e  machine, one set  of technicgans  and a t h e r a p i s t  can e a s i l y  keep two 
machines i n  a l t e r n a t e  o p e r a t i o n  wi th  p l e n t y  of dead time between p a t i e n t s .  

aiith the  l o n g  t r e a t r e n t  t i m e  on 

There are o t h e r  advantages.  Two hec tocur i e  machines can be se rv iced  a l t e r n a t e l y  
wi thout  s topping  a schedule  of t r ea tmen t s ,  whereas wi th  me k i loc t i r i e  machine a s e r i o u s  
problem i n  maintenance s t o p s  a l l  t r ea tmen t s .  The k i l o c u r i e  rrachinez canaot  be used a t  
s h o r t  SSD ( sou rce  t o  s k i n  d i s t a n c e s ) .  The hec tocur i e  machine can  be used a t  both 50 
and 35 cm SSD:, and where extreme depth  p e n e t r a t i o n  i s  unnecessary,  t h e  smaller madline 
when used a t  i t s  s h o r t e s t  SSE has a higher  output  t han  t h a t  of t h e  l a r g e r  mazhlne used 
a t  i t s  s h o r t e s t  SSD. 
than a hee tocxr i e  machine i n  an o v e r - a l l  t rea tment  schedule ,  i t  is no t  n e c e s s a r i l y  more 
e f f i c i e n t  than  two hec tocur i e  machines. 
machines w i l l  suppor t  a p h y s i c i s t ,  which i n  i t s e l f  will improve a therapy  department  
more than any i t e m  of machinery. 

Although it is t r u e  t h a t  a k i l o c ~ x i i e  machine i s  mo?e e f f i c i e n t  

The $lO,OOO saving i n  c o z t  of t he  hec tocur i e  

There l e  one o t h e r  i t e m :  the maiatenance of equipment, which looms l a r g e  i n  t h e  
Tubes and t ransformer  t r o u b l e s  are a c o n s t a n t  and unpre- c o s t  of r a d f a t i o n  therapy .  

dictable x s t  of  X-ray g e n e r a t o r s o  
simple machinery of t he  cobalt 40 device, 
= o b a i L i 3 , b u t  this decay i s  p r e d i c t a b l e  and can be planned w e l l  i n  advance, 
p r e s e n t  t a s k  of t h e  Z a l i b r a t i o n  o f  ac e l e c t r i c a l  gene ra to r  of XGrays i s  done once wi th  
c o b a l t  60, and t h e  succeeding U b T a t ' , o a s  --,-ad:frorn:a-psinted c h d .  - The 
problems concerned wi th  i sodose  p a t t e r n s  I n  X-ray dev ices  can be so lved  i n  a c o b a l t  60 

L i t t l e  maintenance t ronble  i s  p o s s i b l e  i n  t h e  
The on ly  r o u t i n e  probiem i s  t h e  decay  of 

The ever 
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machixe with one s e t  af standard isodose curves, 

Thxs therzpent ic  advan-cages of the hectocurie design were o r ig ina l ly  s t a t ed  to  be 
very l imited ar,d probably confined t c  head and neck les ions,  Since these hectocurie 
.nachines have been made avai lable ,  not oce cf the purchasers i s  considering such a 
l i m i t a t i o n ;  ra ther ,  the machire h s  'beer, put i n t o  d i r e c t  competition with a 250 kvp 
X-ray generator.  
k e n  able  t o  gather  ind ica te  a very high F o b a b i l i t y  tha t  the hectocxrie machines w i l l  
t?e a t  l e a s t  as useful  as e i t h e r  the X-ray o r  the l a rge r  cobal t  60 machines; they might 
even be more useful,  and they w i i l  c e r t a in ly  be more popular. 
t o  the foregoing argument, then many irirAs of cobal t  machines may be designed which 
would demand sources of var ious  c -n iages  . 

, 

Even with s o  l i t t i e  ixformation avai lable ,  the impressions w e  have 

b 

If there is some v a l i d i t y  

Any source design must consider n a y  f ac to r s ,  but t o  simplify the problem some of 

(1) 
( 2 )  

i n  any source much beyond 3 cm i n  diameter, t h e  penumbra of t h e  machines becomes un- 
acceptable, 
maldnun diameter inust be reduced to about 2 cm. ?he p n m b r a  at a 2,3 cx ;n;~xLnu;,i, lo? 
cm mir?imm diameter - which is achieved 'oy the double overlapping cloverleaf design - 
is j a s t  barely withiil the acceptab i l i ty  reached by the Grimtt and the Johns designs,  
He cannot allow a wider penumbya, b.it if we make a much narrower penumbra with a small- 
e r  s o u x e ,  we would allow more l a t i t ude  I n  the design of cones which am now t i g h t l y  
rests ' icted to a 30 cm collimation distance,  

( 3 )  
be t t e r  . 

(4 )  
clnly i n  the length of 3 cm, whicn ac tua l ly  is not a res t r ic5 ion  since the  cos t  f a c t o r  
Iverwheiningly reinforces  t k f i s  decision. 

the foliowing f a c t o r s  may be almost taken t o r  granted: 
The scurce must be made up from th in  wafers i n t o  a r i g h t  cylindar*. 
The s i z e  nust  have a m-um divneter  of 3 cm. This i s  ra ther  a r b i t r a r y ,  but 

In the lower out?u'; machines where t rea tnent  i s  a t  a snorter SSD, the 

I n  regard t o  the bes t  diameter f o r  a sourcs, the ru le  i s  s t i l l  "the smaller the 

The source must f i t  the  standard source capsule. The r e s t r i c t i o n  inmlvecl i s  

( 5 )  The t o t a l  curiage should u l t imats ly  aim a t  oueputs sf 600 rim ar,d 1800 rhm. The 
This i s  an arbih;.a-ry decis ion,  hsctoc>srie machine was designed f o r  a inaximum of 630 r h .  

but i s  l o g i c a l l y  based upon extensive stxdy of experiences with 250 kvp x-ray naacfijEes. 
Mcst cu-rant machines are used a t  about 10 to  50 rmm. Some the rap i s t s  w i l l  complain of 
faster - and an equal number w i l l  cornslain of slower - ra tes .  
witah the h9ctocurie machine cac go as  low as  35 cm; hence, a 600 rhm machine w i l l  have 
o-itputs t h a t  can roughly be diagramed i n  the fo l iowing  f igures :  

The treatment dis tance 

. 
4 

Tre a ';me n t  Cepth dose a t  Approximate m on m a f t e r  m1 a f t e r  
DL s t azc e 2.0 cm of  watsr equivaient del ivery years years 

it as 5 of s k i n  peak X-ray -- 
dose v3 i tage 

1 m e h r  6U 
70 cm 56% 
50 cm 5l% 
35 a 43% 

2.5 MeV 10 5 p 
200 MeV x )  10 
1 MeV LO 29 10 

LOG h w  80 49 20 

By multiplying the l p l ~ ~ l  f i g u r e s  by appmximately 3, ofie can use the same t a b l e s  f o r  
aa 1800 rtrm nachins, except t h a t  tha 35 cm t rea tnent  dLatance i s  not possible  and i n  
many Pachines the 50 cm treatrnent dis tances  are not poss ib le ,  A t  the longer SSD, any 

* The reasocs for this are described i n  an a r t i c l e  by Brucer, Fcllard,  k i t e r ,  ami 
c a d ,  Ikcleonics ,  H., No. 2, Fsbmazy 1953. 
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higher su tpu t  machine can probably be used more e f f i c i e n t l y ,  but  the cos t  of the machine 
&so inc;.eases markedly, 
t he rap i s t s ,  but would not meet generaL appmo';Zalo 

A hwer  outpuC, could a l s o  be used, and is preferred by some 

Before making any def in iAk decisions on the standardization of sou1"ce s i z e s ,  one 
should review the complete p ic ture  of the cos t ,  the curiage, and the rhm output  of 
various sources. 
presented. 

Such a rev;,sw i s  p a r t i a l l y  possible from the tab les  and f igu res  herein 

D scuso OF e! Tcrbie 1 

Table 1 shows the  e f f e c t  of source length on transmission and cos t ,  A r i g h t  cyliqder 
source i s  used with the beam coming out of the  end face of the cyl inder ,  
computed f o r  a 1 cm diameter rod, but such f a c t o r s  a~tkg,fracction;ll.;transn;j.ssi9n,.the,, 
percentage of t heo re t i ca l  m a x i m u m  transmission, and the 'percentage I-. - __ ,: gain  -with added lecgth 
w i l l  f i t  any diameter rod. 
t h s re  1~511 be more and more seF-absarp t ion ,  so  that there i s  a theopet ica i  maxinun 
length beyond which there  is EO added output i n  s p i t e  of the  added curiage,  
shows the  vel-me of a 1 cm d iane t s r  rod a t  various lengths. The spec i f i c  a c t i v i t y  f o r  
Tab12 L was calculated a t  5 cwies/gram o r  43.5 curies/2m3. A wSom d i s t r i b u t i o n  of 
the ac t ive  cobal t  60 was assumed. 
:Tom the cumber of cur ies  shown i n  Column 3 p  assuming le35 rhm per cur ie  of cobal t  60, 
Fxm Dixcn's funct ion on f r a c t i o n a i  kansmission Column 5 was computed, which ailowsa 
the ca i ca l a t ion  of--the t o t a l  rhm of  each specifi;: length with self-absorpt ion taker- i n to  
accomt.  
t heo re t i ca l  maximum t r a a m r s s i o n  a t  each length.  I n  Column 3 i t  can be seen that, as the 
leng+,h irc=.eases there i s  a ;.apid increase zn -:he percentage outp'rit a~ tc 2 cm, a f t e r  
which i t  Seglns to f a l l  narkedly, It wm&d appear from this -5ht tke most economical 
s o x c e  l ecg th  W i l l  c e r t a in ly  n o t  be beyand 3 :mo 
a;-e computed when spec i f i c  a c s i v i t i e s  o f i 0 ,  50j and. 100 cur ies  per gram a r e  mnsldered.  
On Page 3 of Table l are  given some of the  data used t o  ca lcu la t s  DixonJs sex-absorp-  
thq f-mcC,ions. 
simply; these cos t  f a c t o r s  will be changed i n  the las t  tab les  i n  this seri.ss t o  a more 
reasonabie estimate of ac tua l  cost .  

The da ta  are  

A s  the l e r g t h  of the rod incureases .. a s  shown m o l -  1 --- 
Column 2 

IC ?oL.mn 4 there i s  zomputed the t o t a l  rhm obtainable 

From this column i3 was possible t o  calculate  I n  Column 8 the percentage of the 

On Page 2 of Table 1 these saxe f ac to r s  

It w i l l  be noticed t h a t  i n  Table 1 the cos t  fac+drs  were ar=.ived a t  Tery  

D SCUSS:DR td rab:e 2 

Tabie 2 shows the effsci;  of somce l e r e t h  and specif ic  ac t iv5 ty ,  The same type of 
dz ta  a s  were used i n  Table 1 a r e  used i n  Table 2, exzept t h a t  i n  this case the spec i f i c  
a c t i v i t y  is changed from 1 to 100 c ~ l e s  per gram, 

Q ~c11sh.o.rl o! Tabres 3 cnd 4 

Ir Tables 3 and 4 the t o t a l  curiage and the  rhm output i n  various sizes of r i g h t  

The 
cyl inder  sources were computed f o r  fou r  d i f f e r e n t  spec i f i c  a c t i v i t i e s .  
the e f f e c t  of various source lengths and source diameters a t  5 cur i e s  per gram. 
same f igu res  can be used f o r  50 cur ies  per gram by multiplying each f igu re  by 10, 
TaSie 4.the 10 and 100 curie per  gram s p e c i f i c  a c t i v i t i e s  a re  given. 

Table 3 shows 

I n  

The da ta  from Table 3 showing ths  t o t a l  curiage f o r  various lengths  and diameters 
of soarces are shown graphica l ly  i n F i g u r e  1. 
but this can be converted f o r  the  50 curie  per grain spec i f i c  a c t i v i t y  by multiplying the 
abscissa  by 10. 

The data  a re  shown f o r  5 cur ies  per  gram 

I2 Figure 2 the same type of t o t a l  zwiage  data  i s  shown f o r  ~ a r i o u s  lepgths  and 



diaxe ter  squrces f o r  t h s  10 and 200 cur ie  ?er  gyam material .  

IC Ffg-ures 3 and 4 the e f f e c t  of changing length and diameter of source on the  rhm 
u t p c t  i s  shown f o i  both the 5 and SC c u r i e  per gram mater ta l  and %he 30 acd LOO cur ie  
ger gram mater ia l .  

( 
- --4 

From these data a number of geaeral  conclusions can be made, F f g u ~ e  5 shcxsba three 
d b s n s i o n a l  char t  giving may lengths  of sources and many diameters 03 s o u ~ " c e s ~  These two 
f a c t o r s  a r e  p lo t ted  aga ins t  a t o t a l  n-mber of cur ies ,  and on the three dimensional sur- 
face  so achieved, it can be shown tha5 any reasonable output can be achieved with many 
source sizes, but the various source s i z e s  w i i l  always be within a well  d e f h e d  t o t a l  
? a x e  of cur ies .  

Figure 6 shows a three  dimensional graph of the cos t  cl" she ra-l iatlo- I n  terms of 
do2ax-s per rhm f o r  various source lengths  and s p e c i f i c  a c t i v i t i e s .  
diziensionai surface,  i t  can be seen t h a t  with an increase i n  source lengths  ar, aay 
s p e c i f i c  a c t i v i t y  there  is a rapid increase i n  the cos t  of cobal t  60, jtlt t h a t  %here i s  
a m 5 i m t n m  a% a s h o r t  source lergth,  ?& point  a t  w M d i  tkis rrdcimm C C S C ,  o c c w s  on the 
CC';L":B l e n g t h  axis changes with various source diameters, It i s  a l so  shorn t h a t  the 
~ Q s L ~  decrezses general ly  with i n c r a a s i r g  spec*ific ac+,ivity. Eowemr, s lnce  the  pr ice  
af c o b a l t  60 chazges a t  10 and 50 cu;<es per g?an3 there  I s  a s t e p  iJi?ora t h e r e  other- 
wise xouLd be a smooth surfacs .  
x d e r 3 ,  w-hi.=h is a hig-hLy meconczLcai nse o f  cobal t  60, 
Ir Figure 7 t a  show the e f fecz  c o t  only of  increasing length Su; als3 of S.ncreasi.?E: 
diamst2r .  
The minirc-m c o s t  i s  a t  a length  of aSout 0.5 to  1 cx a t  a l l  diameters, excspt a t  the 

sa..$ type of graph oscars ,  blrt at clifferect. k ~ e . 1 ~  with the  ot,her s p s r l f L c  a c f l v i t i e s .  

F roR This three 

There is a peak a t  the very 3 w  q e c - i f l z  a c t i v t t y  t h i n  
The same f i g u x s  a x  Fedyawn 

F o r  a s p e c i f i c  a c t i v i t y  of 10 cu-ries per gram the sur face  I s  shown complete. 

The 7 -  r ~ r y  small diameter sources where the decreased r h  r z s u i t s  i n  a marked 22st peak. 

I n  Tabies 5 through 8 the d a t a  ficm Tables ,7 acd I; were Te-comFuted t c  s t a t e  the 
sos'c of  t h e  t o t a l  source and the cos t  per rh;o when calculated t o  incllide mar,y more 
f a c t o r s  than the raw cobal t  60 c o s t  as used on the pyevious t a b l e s ,  
%ha$ t h e  cos t  f a c t o r s  as sxplained on the page preceeding Table 5 havg Seen changed. 
In addi t ion  to the  cos t  of t h e  source material, there  is included a cos t  of $210 f o r  
tce standard soclrce capsule,  
charges, and a shipping charge (which is based upon a s l n p l i f i e d  systsm sf computing 
sh lpp icg  charg3s) a e  a l s o  included, The :os%, hoxeve?, does not Inslade reccah on a 
shippicg container  o r  the  c o s t  of loading the  source i n t o  a teletheTzpy m i c k i ~ e ~  

The fo1lowir.g example can be g i m n  +a show how these f i g u r e s  a r a  i n t e r p r e t e d :  
If L t  is iecided t o  design a cobal t  63 source with ar, output of appTox5mately 690 yhm, 
is TaSla we f i n d  t h a t  s x h  an O U ~ ~ J * ,  can b e  achiev2d by u s h g  a 2 cx d i a - e k s r  source 
3 cm long which gives  an output of 6lh r h  and uses 820 cur ies  of a c t i e t y .  P f l r n  Table 
6 i t  can be seen t h a t  the 3 cm l s n g t h  o f  2 cm diameter cobal t  60 w i l l  cos t  about $b,190 
or about 86.82 per  rhm. This, kowe-~er, is  ngt  the t o t a l  cos t  of t h e  so i lxe  but i s  o n l y  
the! c o s t  of t h e  c c b a l t  60 i n  the sourceo 
loadfng, m d  23.3, c o s t s  except shipping9 this c o s t  7bc~sasas-- as shorn in Table 6A - t o  
$4,760 or $7,,75 per &a. 
m-dd increase  t o  $4,812; if it were shipped t o  San Frarxisco,  It would increase t c J  

It Will be not icsd 

A h a c d l h g  charge o f  $10 r"oi each source, the l o a d i r g  

, 

7 

When we add the SO'JTC~ capsule,  hafidling, 

If %ke source were shipped t o  iyew Yolk i i zy ,  ;he 20s'~ then 

$4,993 0 

To give a b e t t e r  p ic ture  of the meaning of Tables 5 through 3, a nmber  of s p e c i f i c  
xaupiss have Seen se lec tad  and a r e  ahom i n  Figxres 8 through iI. IC Figare 8 a 2. cm 

j 

t 



diameter  s o u x e  was chosen a t  50 c u r i e s  pe r  gram s p e c i f i c  a c t i v i t y .  
l eng ths  of t h e  source,  t he  f a t a l  rhm is shown a s  t h e  heavy l i n e ,  The l i g h t  l i n e  shows 
To ta l  cnr iage ,  t he  d o t t e d  l i n e  shows t he  t o t a l  c o s t  of t h e  sourceg and another  d o t t e d  
l i n e  shows the  c o s t  per  rhm, Figure  9 shows the r e s u l t s  when a 1.5 cm diameter source 
is asad. 
curies per  gram, and Figure  11 a t  SO c u r i e s  p e r  gram s p e c i f i c  a c t i r i t y ,  

Yith i n c r e a s i n g  

Figure  10 shows t h e  sane f a c t o r s  when a 2 cm diameter source is  used a t  10 

I n  Figure  1 2  t h e r e  i s  shown t h e  e f f e c t  of adding t h e  handl ing charges t o  t h e  c o s t  
of t h e  raw c o b a l t  60, 
advantage mer t h e  50 curie per gram, b u t t h e  50 curie per gram has a n  advantage over 
U. cur ie  pe r  gram material, 
of act ivi ty ,  the  handl ing charges are exaggerated i n  t h e  lower s p e c i f i c  a c t i v i t y  
material; hence, SO curie per  gram material i s  economically b e t t e r  than  t h e  10 c u r i e  
p e r  gram material. 

.J i thout  handling charges, 10 curie pe r  gram material has an 

Since handl ing c o s t s  are f i x e d  charges wi th in  wide ranges 

At li c u r i e s  per gram the  c o s t  i s  even h igher ,  

D:sswss'on o! 7ables 9. 10, and 11 

To g ive  a b e t t e r  p i c t u r e  of t h e  e f f ec t  of s p e c i f i c  a c t i v i t y  on t h e  t o t a l  curiage 
and rbm output ,  Tables  9 ,  10, and 11 &re computed t o  show the  d a t a  f o r  t h r e e  reasonable  
s tandard  source s izes:  a 1 cm, a 1,s cm, and a 2 cm diameter  rod. 
and var ious  s p e c i f i c  act ivi t ies  t h e  t o t a l  c u r i e s  are shown i n  t h e  f i r s t  p a r t  of each 
t a b l e  and t h e  rhm output  i n  t h e  second p a r t  of each t a b l e .  
diameter source s ize  was t aken  and t h e  cos ts  were computed f o r  t h e  source alone and 
f o r  t h e  encapsulated source shipped t o  Ner York City. 

A t  var ious  l eng ths  

I n  Table l l A 9  t he  2 cm 

This w a s  t h e n  converted to c o s t  
per rhm, 

From t h e  d a t a  i n  Tables  9 to 11, t h e  c o s t  of a 2 cm diameter source has been re- 
Ins t ead  of making t h e  change i n  c o s t  due t o  s p e c i f i c  a c t i v i t y  a t  10 and 50 

Since it i s  
computed. 
c* rLes  per  gram, a change i s  made a t  10, 30, 50, and 70 c u r i e s  per gram. 
iItlpossibie t o  adminis te r  an account ing system wi th  a continuous change i n  c o s t  w i th  
changing s p e c i f i c  actlv;,ty,, some breaks must be made. 
of making the break a t  10 and 50 curies per gram, the use of more e a s i l y  a v a i l a b l e  20 
axid 
ed and t he  c o s t - s p e c i f i c  ac t iv i ty  curves smoothed o u t  by making t h e  breaks somewhat 
moye f r e q u e n t  . 

However,, w i th  the  simpie system 

This  pena l ty  can e a s i l y  be obvta t -  30 curie  per gram material involves  a penal ty .  

Almost any5hing of reasonable  s i z e  can be i r r a d i a t e d  i n  a nuc lea r  r e a c t o r o  Yi th  
proper  cons ide ra t ion  of t he  time r e l a t i o n s h i p s ,  almost any reasonable  s p e c i f i c  a c t i v i t y  
up 
cos t .  Howeyer, on a product ion  l i n e  scheduled t o  produce many sources ,  a r e a c t o r  can- 
n o t  be e f f i c i e n t l y  opera ted  unless t h e r e  is some s t anda rd iza t ion  of cost , ,  s izes ,  shapss ,  
aod i r r a d i a t i o n  t i m e .  

100 curies  pe r  gram can b5 achieved, but t h i s  cannot be done without  a f f e c t i n g  
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Co 60 
The Effect of Source Length on Transmission ond Cost 

Right  Cylinder Bcd Source - Data f o r  i cm Diameter Rod 
Cross Sect ional  Area= 0.7854 crn2 - Volume 0.785L cm3 a t  1 cm Length 

rhm f o r  1 Curie= 1.35 - 1p f o r  Go 60 ' h r o u g h  Co 59 is 0.44 cm-l 
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* Calculated a t  spec i f ic  a c t i v i t y  of 5 c u r i e a / g r a  o r  L3.5 c m i e s / c d  -miform 
d i s t r ibu t ion .  

it++ From Dixon's Function Fg (pa) see graph, 

f Theoret ical  maximum is defined 'as I m x  r A - / p  

Cost 
thereof . $100 f o r  f i r a t  2 C r i e s  plus $5 for aach addi t iona l  czlrie o r  f r a c t i o n  
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Table 1 (cont’d.) 
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-a 60 through Co 39 

Calcu la t ion  o f  Self Absorption Funct ion  F% ( p a )  
(Fron Dixon, U. R., Nucleonics - 8: 68, April’51) 

4 length 
= a  
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(see graph)  
f r a c t i o n a l  

t ransmiss ior  
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i 
Discussion of c o  60 
Tables SA, 6A, 
7A- and 8A 

The Total Cost of Co 60 Sources of Various Dimensions 

a t  Specific Act!vity Stated on Table 

Cost includes following f a c t o r s :  

Specific a c t i v i t y  of 5 c u r i e s  per gram = $100 f o r  f i rs t  2 cur ies  plus  $5000 per 

= $100 f o r  f i r s t  2 cur ies  plus $5.00 per 

cur ie  f o r  each addi t iona l  cur ie  o r  
f r a c t i o n  thereof e 

cur ie  f o r  each addi t iona l  cur ie  o r  
f r a c t i o n  thereof 

cur ie  f o r  each addi t iona l  cur ie  o r  
f r a c t i o n  thereof 
$200 f o r  f i r s t  2 cur ies  p lus  $10.00 
per cur ie  f ~ r  each addi t iona l  c u r i e  o r  
f r a c t i o n  thereof 

Spoci f ic  a c t i v i t y  of 10 c u r i e s  per gram 

Specif ic  a c t i v i t y  of 50 c u r i e s  per gram : $150 f o r  f i r s t  2 cur ies  plus $7,50 per  

Spec i f ic  a c t i v i t y  of 100 c u r i e s  per gram 

Standard Source Capsule = $210 f o r  each source 
Handling Charge = $10 f o r  each source 

Loading Charge = $200 up t o  75’0 c u r i e s  
= $350 up t o  2000 c u r i e s  
: $500 over 2000 cur ies  

Shipping Charges : 1000 l b s  f o r  sources up t o  750 cur ies  
: 2000 l b s  f o r  sources up t o  2300 cur ies  
= 4000 l b s  f o r  sources over 2000 c u r i e s  

s ~ p p i ~  t o  New York City and Deover by Motor Fre ight  
Shipping to San Francisco by Rail  F r e i g h t  

This charge does not include r e n t a l  on sh ipp izg  container o r  cos t  of loading 
source capsule i n t o  te le therapy machine. 

i 
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679 

367 753 I 772 1162 
8L6 I - 

U& 
L9C3 

2825 
3274 

. W90 
4812 

55%0 
5182 

2392 1 6285 a 9 5  10380 
Z W  6307 TI? E002 

4650 3-2435 12847 20632 
5099 U0?7 I3469 23456 

4363 18585 19300 3C885 
7522 19439 20l.24 3 1 7 3  

9157 2 7 3 5  25560 kU30 
9779 25559 26384 W95A 

t 

- 
3 S 9 0  
398i.4 

584W 
59224 

77800 
78621, 

5484C 
55661, 

82200 
83024 

109500 
E03% 

w 

length 
cm :.r$[g' ,5c/g l~ )c /g  u c / g  30c/g 3ic/g 50c/g 

0.1 153.89 34.122 19.02 20.45 U.2l 11.90 9.0C 
0.5 36.H 10.65 7.37 9.38 7.35 7.31 6.87 

-22;31, 8.05 6.26 8 4 8  7.57 7.54 7.23 1 

2 16.61 7.79 6-68 I 9.46 8.88 8.87 8.76 
3 15.46 8.U ?.S4 I U.13 10.53 lO.5t 10.32 
4 15.74 9.46 8-93 ! 12.84 I 12.31 L2.29 12.12 

- .A- 

----...--- . I^ I _ _ -  - 
1 

10.11 
8.91 
9.35 

9.w. 
8 . n  
9.31 

Tabie I I A  Cost  of 2 cm Diameter Rod* 

specific activities - curies per gram I 

length 
cm i 5c/g " .  

160 
609 

-435 
884 

7 7 5  
L224 

utjo 
1909 

2049 
us9 

282 5 
3274 

1570 
2019 

n 5 0  
7599 

2090 
2539 0.1 

9750 
10372 

19316 
19932 

3210 3315 5257 
L224 775 I E: I 3659 I 3 7 4 1  5706 0.5 

I I,-- 
l w 2 0  
3&7& 1 

2 

3 

4 
c 

I I 
28960 
28881, 

#COO 
428% 

55940 
56764 

38443 
39264. 

57550 
58404 

76710 
77534 

I I 

for encapsulated < * Cost  on top line is for SCUTCB done .  2cst  on eeccnd lfne i 

I I I I '  

IL09 
8.97 
9.49 

10.16 
8.92 
9.36 

33.67 13.58 13.58 13-52 
16.08 1l.6.09 116.00 1 .15.94 1 ,  

1-10 *-= $100 for _first 2 caries plus $5 per curia for each addi t ional  curie  or 
. #;fraction t h e o f .  

U-50 - '=$~50- fo~~rs t -2 - ' cnr ie s  plus $7.50 per c m i e  for each additional c 

f q f i r ~ t 4 2 ~ c m i e s  plus $10.00 p r  c m i e  for e 
action thereof. i r- 

- -A mcf'raction- thereof. 

--+- .I_..- *---. 
Lq 

+Q 750 cnrfes 
-to 20c)o curies 

824 o ~ e r  2000 crrries 

v 

- -  . .  I -  ---- I 

I I 3 l i E l b  1 - -  . 
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A STANDARD COBALT 60 TELETHERAPY SOURCE CAPSULE* 

2i.w t o  1953, the design and construction of  a cobalt  60 teletherapy machine xas 
3 highiy individualized research project. 
the = h e  of cobalt, 60 has lead  t o  many divers i f ied and ingenious designs bcth here and 
in Europe. 
teietherapy machines sui table  f o r  commercial proch-rction. In each machine, whatever Its 
desi@-, there .must be a source capsule t o  s e a l  the raw cobalt  60, and the charac te r i s t ics  
of t h i s  capsule a re  r e l a t ed  t o  the economic problems of the source I t s e l f ,  

large co?,wnes of cobalt  a r e  used, and if this cobalt  is incorrect ly  placed i n  the Teactor, 
15 can s top the chain reaction. 
can be used e r e  manifold, the charac te r i s t ics  of neutron i r rad ia t ion  make small pieces 
esser.tia1, 
separate pisce canes out of the reactor  with exceedingly high a c t i r t t y ,  the ?roblems o f  
production, handling, loadixg, sealing, and avoiding contamination make the m a n d a c t c e  
of a cobalt 50 sou-rce a surprisingly complex tmhnological r;roblem. 3eca1ss 3f Yhe ae- 
cessity fo r  spec ia l  rem$& handling tools ,  ecmmmy bas dictated a smaU number of s tard-  
a ~ d  sc-mi-ce s izes .  
A~OIKLC Energy of Canada L i m i t s d  and the United S ta tes  Atomic Energy Cammissim - have 
choaen 8 l i z i f e d  va r i e ty  of s i zes  ranging frcm small pel le t s  t o  wafers 2 em i n  6iamter. 
'fifth these standard s izes ,  it is possible t o  d e r k e  high a c t i v i t y  sourcss of almcst any 
r e q u i r e d  n m k r  o f  c c i s s .  

The immediate and widespread Tscognition of 

During the past year, several  X-ray companies have selected designs for 

C o b a l t  60 m u s t  be produced in  a nuclear reactor. For multicurie sources r e l a t ive ly  

Although the shapes and sizes of ccbal t  60 EOUTCBS tha t  

Since each source must s+,ay in  a reactor for a year o r  so ,  ar,d since each 

For various reasons the two producers of high curiage co'oalt 50 - 

The problem of loading a s e r i e s  of pieces of cobalt 60 s o  tha t  they car_ 'ae csed as  
'. 5ak2heragy source presents an adiiitional serious problem requiring specLaiLzed. t o o l s  
~ n d  squin;ler,t. The N a t i o n a l  Cami t tee  on Radiation Protection, Subcmmi5tee No. 9,  has 
recent ly  devised and will  soon publish i n  Handbook % the resul+,s of i t s  study on how 
c ~ b L %  60 can be nsafely" encapsulated, 
sncapsulaXon of sources. 

There is, therefore, an accepted s"mdard f a r  

Sincz a ccbal t  60 source decays t o  -half i ts  output i n  a L i t t l a  cver fPre years,  a 
therapis5 s t a r t i n g  out with a kilocurie source will ultimately have a source too llcoldn 
for  h i s  own nackine but s t i l l  contaii ing a large nn~Ser of  curies. S-bce %e cap i t a l  
i.nvestmnt is kasec! upon the number o f  curies or iginal ly  present, a partially decapd 
sax36 ti-at is no longer usable represents a sizable investment i n  xa.stsci cwies .  
Such a so- rce  bs  re-irradiated I n  a reactor f o r  ha l f  the or iginal  cost? 
S k t S s  h$omic Energy Conrmission p o k t s  out that reactors a re  desig3ect 'GO a d ~ i f  i1co16f1 
piaces m d  discharge 'IhoV pieces. A modification of the reactar  t o  permit adrrisaion 
of: nkot" pisces (and a pzrtially decayed teletherzpy source i s  s t i l l  very "hotn)  limits 
the adaptabi l i ty  of the rzactor  and is exceedingly expensive. 
A t o m i c :  Energy Commissior,'s posit ion t h a t  it is cheaper t o  s t a r t  with i r iact im cobal t  l o r  
vlach sorrce even i f  it is  necessary t o  discard many curies of cobal t  60. 
tSerapy i s  only a small part of the total benefi t  (and expense) of a high f l u x  reactor ,  
the therapis t  must accede t o  t h i s  judgment. 
be a problem of what t o  do with balf-strength cobalt 60 sources. 

C ~ E  
The U n i t e d  

It is the  United S ta tes  

Si;lce t e l e -  

It appears t h a t  in a f e w  years there  Wi,U 

* Ths design presentsd here rspresents the combined e f fo r t s  of  many represen+Atlres 
of the organizations l i s t ed ,  
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YII?~ ocly  Terg high x r i a g e  c o b a l t  SC mchines were considered, t h e  ?=.cbl_eni of t h e  
One paid 

&cei1ily9 hcwever, the Teletherapy E v a h a t i o n  Board 
This 

The de- 

p s r t i a i l y  decayed sowre was an iapor t .an t  C a c t m  i n  the emnomy or" :@halt 6Ca 
f o r  twice as much a s  he could usa .  
has developed a cobalt 60 mackice tha t  is designed f x  a naximtun of 600 curies. 
machine can use the sourzes %at  are no locger usefu l  in kilocuris  mchii lss.  
sigz of a 200 cur ie  machice i s  a l so  pla,med. 
r a q s  have already been coEs t rx t ed .  
curiage sources is as y e t  *mexplwerl. 
f ron  one machine t o  another,  the cobalt 60 would main%air a decreasi ix  but considerable 
n1ue and the e f f e c t i m  econoxic h a 2  L i f e  of ",he isotope coukl be exbxxied. f m m  fi-7e 
p a y s  to 20 c r  30 years,  

A few mchiaes  i n  the 50 b 100 c u e e  

If sources could be t.ransfer?sd csnvsnienf3.y 
"he TossfbiUty  of the iridus5rial use of hider 

2, - Act iv i ty  of Source: DE capsule must hs able t o  contain the ia::ges-t number of 
crt-ies f eas ib i e  for expected teietnera?y w e o  
t irr i ty cf 50 curies,/gru;l, uhick i s  m w  Dbtainable, che design acccrrmodates a t o t a l  
Lctivity of nore than L,GOO ctrries 0.' x b a l a  6 C 0  

Based upon matertal hav',z.g a spec i f i c  ac- 

3 ,  Material of Capsule: The capsula muzt i n  i tself  be a par5 of the  prina-ry radia- 
t l o n  s h e i d  since i t  is i n  the mst econonical posi';ion f o r  sh i s ld l rg ,  
- r i d s  less dense and with kuer a t m i c  s-m.ber than tungs7;en were discarded fcr obyious 
maso11s~ The platin-;m me%als and gold w e n  discardeci bscanse of Sqi?  cos t ,  ?emiss ion  
to us3 ;rarLm wzs granted by tk  TJnitec! Sta tes  A,boni.c ice7-y Conmissinn but this mate- 
rlzii was rsjecf,ed by t>.e i n d u t r y ,  It. y r l d s  3eLkveg that the h igh  c c s t  a d  dffficul3ie$ 

- N.2 cf the  mate- 
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a cobalt  60 source and capsule o f  any s i ze  o r  shape he may wish, The increased cost  of 
spec ia l  loading f a c i l i t i e s ,  however, nust be borne by each purchaser and, i n  the United 
S ta tes ,  the capsule must meet the requirements of the National Committee on Radiation 
Protection. 
60 f o r  teletherapy and i n  th i s  f i e l d ,  which is  f l u i d  and highly competitive, it i s  to  
the c red i t  of the X-ray industry tha t  they have been able t o  cooperate on the one fac- 
t o r  t h a t  might e a s i l y  have l e d  t o  a serious economic problem and waste of a s ignif icant  
amount o f  cobalt 60. 
ducing the cost  of  cobalt 60 equipment. 
dardization might eas i ly  be outmoded by the rapid development of new types of t e l e -  
therapy machines. For t h i s  reason it has been agreed that the industry w i l l  meet about 
twice each year t o  discuss the current development problems of teletherapy equipment. 
During the next two years there  w i l l  be an extensive study of the experience with the 
present standard source capsule, and l a t e  i n  1955 the problem of a standardized source 
capsule will be reviewed by the en t i re  industry. 
and suggestions f o r  its improvement w i l l  be welcomed. 

There have been many surprises a r i s ing  out of the adaptation of cobal t  

They have adopted a standard source capsule with the aim of  re- 
The manufacturers r ea l i ze  that such early stan- 

Criticisms of the  present design 

I O  S b l j . 1 8  



STANDARD C060 SOURCE CAPSULE 
TEHTATIVE Awpnou 6 wv. iw 
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L R A Y  INDUSTRY 
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AN AYAlLABLE COBALT 6Q SOURCE FOR TELETHERAPY 

Marshall Brucer M,D 

A double overlapping cloverleaf source was designed to  make maximum use of the 
cobal t  60 cur ren t ly  i n  p l e n t i f u l  supply from one of the Oak Ridge f a c i l i t i e s .  
source mater ia l  i s  manufactured i n  serendipi ty  and can almost be considered a use f o r  
%astern neutrons. There a r e  IP fbmseedbb dverriding p r i o r i t i e s  t h a t  would i n t e r f e r e  
with i t s  production. T h i s  source material is  now ava i lab le  as 1 cm diameter and 0.32 
cm diameter rods. The rods are avai lable  i n  lengths up t o  Ir cm and with s p e c i f i c  ac- 
t iv i t ies  ranging from 7 t o  11 c u r i e s  per gram. 

Such 

For  te le therapy use, when sources i n  the huikihectoc7xrie range a r e  used, i t  i s  an 
advantage t o  have a s h o r t  SSD a v a i l a b l e ,  
diameter of the source below t h a t  of a la rger  machine,, Approximately 2 crn has been 
a r b i t r a r i l y  chosen a s  allowable. 
dis tance w i l l  give penumbra re la t ionships  s imi la r  to  those of the l a r g e r  machir,es, 
After t r i a l s  of many arrangements, the double overlapping cloverleaf ,  shown i n  Figure 
22, ?age&), was chosen as a maximum compromise of economy, curiage,  penumbra, and 
ava i lab le  materials.  

'%is w i l l  r e s t r i c t  the mximum allowable 

d i t h  this diameter, approximate ly3  cm col l imat ion 

The cloverleaf  source cons is t s  o f  seven pieces of cobal t  60:  six pieces a r e  1 cm 
diameter by 1 cm length,  and one is 0,32 cm diameter by 1.27 cm length,  
piece is used as a c e n t r a l  core ana the l a r g e r  pieces  a re  grouped around t h i s  core i n  
two l ayers .  

the t o t a l  surface as presented to  the p a t i e n t  contains cobal t  60 i n  three d i f f e r q n t  
depths. The depth of 6.3 per cent  of the area,  the c e n t r a l  core, i s  1.27 cm. 
of 67.5 per cent  of the  area i s  1 cm, but haif of this area i s  a t  1 cm g r e a t s r  9SD; the  
depth of 26.2 per  cent  of the  are2 is 2 cm. 
cm; the m i n i m u m  diameter i s  1.9 ca. 

The small 

The top l a y e r  i s  i n  a cloverleaf p a t t e r n  with three 1 cm rods arranged a t  
.20° angles around the core; the bottom layer  I s  similar but i s  60' out of phase. Thus 

Tlje depth 

The maximum diamster of the source i s  2.3 

?he source capsule f o r  the  cloverleaf design has been d r i l l e d  to  f i t ;  there  i s  thus 
the  p o s s i b i l i t y  of malOrmrm shielding i n  a l l  except the forward d i r e c t i o n  where there  i s  
EO unnecessary shielding. A j i g  has been made to  allow f o r  simple l o a d i r i ,  The clover- 
leaf f i t s  i 3 t o  the standard source capsule 1 . 

The c h a r a c t e r i s t i c s  of the  f i r s t  such source to  be made can be used as an exampla 
of the advantages and disadvantages of the design. 
Table 1 2 ,  Page 57. 

These c h a r a c t e r i s t i c s  a re  shown i n  

From Table 13, P a g e s ,  a ca lcu la t ion  has been made of the expected roentgens per 
hour a t  a meter (rhm) from such an overlapping cloverleaf design. 
measurement i n d i c a t e s  t h a t  w e  should expect about 476 rhm o r  7.9 roentgens per minute 
a t  a meter (rmm). The actual  measurement was 381 rhm o r  6.35 rmm. A number of cor- 
r e c t i o n s  can p a r t i a l l y  expla in  the discrepancies.  There was approximately k per cent  
absorpt ion i n  the steel cap of a p r o t o t j j e  source capsule and o u r  m a s u r e m n t  of the 
output  was made about two months a f t e r  the measurements of the ind iv idua l  pieces.  The 
ca lcu la ted  value was reduced t o  an expected 7,h rmm. 

The ca lcu la ted  



The c g s t  of %he m U 6 0  - ad jz s t ed  t,c match t h s  ciata E n  Table lh, Page 59 - f o r  the 

It is i n t e r e s t i n g  t o  calculate .the pro& 
CLoTerLeaC s o a x e  was $2,750 t: $7*20 ;e? ;nm 31: &Liverye 

a b l e  zos5 oi' whsr, migh t  be deaigrled gs a b e s t  p c s s i j l e  Sow?eL r )  wher, ";ha Sam OT e z n  

.L% I Is n o t  t he  mst  economical 
.so2-ilce1 ccr i s  it t.he most e w x m L c a 1  design,  

bet.t,er p x d u c t i o n  f a c i X % e s  are uzed, Sach a source might be a 2 e n  dfane?;.e_r disc 
f r y a d i a t e d  in %:?in s e c t l o r e .  
$,he i cng tk  would ha-ve t o  be Jok cm acci . t , h  c o E t  pe- A m  would be 36.50, as s h o m  in 
Table 1he 
C,>a sourze would be 0,25 z x  long and c o s t  $7'08C; per  rhm, If a 1,O cn diametaig soume 
x e x  used, fhs s p e c i f i c  act iy , t%y w~):Ld have t o  be i,? t k  50 xzieS,'gT"m ?ar,ge and the  

r e l a t i o c s h l p s ,  i s  a l r eady  3 2  %he npswLng of a ,-ap-Aly r i s i n g  curve of r ,~s: ts 'rersus 
Iceroasi-rlg s p e c i f i c  a c t i v i t y ,  
comparable t o  the lower s p e c x i c  acti-:ity and appear5 t o  be an exce i l e r , t  Jcui-:e s i ze ,  
S i x e  %he hec tocur ie  r o b a i t  60 machine i s  designed f o r  a maximum of 6CO rhm, Table 14 
shows the c o s t  Te la t ionshipz  it mfin*m output .  
shorn  f o r  an 1800 rhm t e l e theyapy  machine. 

To gpS zrl ou tpu t  of 381 rhm a s  measaxd f o ?  the c l o v e r l e a f ,  

Such 2 source coiiid a l s o  5e nade of 50 nn;.ies/gram c o b a l t  60, in Fihdch case 

xst would be higher m  he L nm d i a n e i e r  s o u x e B  with i$s  ~ e ~ t e ~ - t ~ ~ ~ - ~ € ~ ~ ~ ~ a ~ ~  p e r m b r a  

The 1.5 cn: diameter  source  i s  still i n  f . h ~  c o s t  range 

F o r  comparison, s i m i l a r  d a t a  a r e  

h f e w  o ther  very ixlpcr:an-t po in ts  mcst be considered.  rn .he h i g h e r  cur iage  m c h i n e s ,  
wnich a r e  e s p e c i a l l y  a a l u a b l e  LE ro.tai; ionai the,-apy, must uze high c;peciZic a c t i v i t y  
coba l t  63 an2 zan-rlot use l o N e r  s c e c i f i c  acti-Vj-tFtes, 
s p e c i f i c  a c t i i t t y  pmdaf tLcn  a r e  l i -n i ted ,  a i l  of t h F i r  prodsctj.cn sho~5-d be saved E c ~  
those machLr?es . high  s p e c i f i c  a c t i i i t y  denands valxabie  r e a c f c r  space,  wkich ncst be 
aa loca ted  under a s t r i c %  p r i o r i 5 y  systerr.. 
c*sSe  sources i nc rease  almost  expor sn t i a l lg  with i c c r e a s i n g  cur iage  
t o  those of t he  source s - i e l d  must 'ce taken Lgtb account.  
were I?O f ac i l i t i e s  € o r  handl ing high cur iage  sou-pces; even today these are x u  and 
handEng experience i s  l i m i t e d  

5iilce the f a c i l i t i e s  foi-  h igh  

F ~ r t k z ,  t he  pzvbiens of kandlir?g t h e  higher  
Costs In add i t ion  

IJnt91 a few yea r s  ago there  

The 1C e w i e s / g r a r  s p a c i f i c  acLuft.ity natsrfal i s  prodwed i n  21- AEC S s c i i i t y  that, 
produces zeu t r cns  for v a r i o u s  purposes n o t  r e l a t e d  t o  t e l e t h e r a p y ,  
neut ron  p r o d u c t i m  is necessary,  such a product ion cf low s p e c z i s  activ%-Ly cobalt ,  
60 c m t a l c s  a SLdden subs idy ,  
med not be on a s t r i c " ,  p r i o r i k y  a l l o c a t i o n .  
duction acd it i s  be l ieTed %a'-, +,her$ slways will be e u f f i c i e n t  a m ~ - ~ ? t s  a v a i l a b l e ,  so 
t h a t  the low ac t iT i5 ty  rr ,at ,eiaf 
25u txn  e co rony 

A 3  long as sack 

Turtker, this type of low s p e c s i c  ac t iv i ty  c o b a l t  60 
There can always be a gczantsed pro- 

Se e-xpr-ted wLth0u-L danger of affect lag thz A m e r i c a  

I l 3 b 4 8 8  55 
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The cloverleaf design has only one advantage to  recommend i t ,  and t h i s  advantage 
takes ultimate precedence over  all other  f ac to r s  a t  the  present time and probably f o r  
some time t o  come: i t  uses cobal t  60 t h a t  i s  avai lable  now. 
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Table 12 

Diameter 

Length 

Area of Presenting Face 

Volume 

Weight ( d  = 8.9) 

Total Weight of Source 

T o t a l  Curiage (ORNLS) 

Average Spec i f ic  Act iv i ty  

Average Curiage per  piece 

1 cm rod 

1,O cm 

1.0 cm 

0.785L cm2 

0,785L cm3 

6.99 grams 

73,35 cur ies  

* Oak Ridge National Laboratory 

i 

43.08 grams 

452 

10.5 cm/gram 

57 

1/8 inch  rod 

0.3175 cm 

1.27 c m  

0,1008 cm2 

0.1280 cm3 

l , l 4  grams 

12.0 cu r i e s  



T o . ? ” .  

(d rl 
(d CT 

23- 

3 
rn 



Table 84 Cost of Cobalt 60 Sources 

Cost inc ludes  c o b a l t  60, capsule ,  loading,  handling, and shipment t o  N e w  York C i ty  

2,O c m  0.37 cm 

0,65 c m  

2000 cm 

2.0 c m  

2 0 0  cm 

Lo5 cm 

loo cm 

Caaadian 
quo t a t i o n  
.. 

3 cmP 

impoasi ble 

1.23 cm 

3.25 crn 

impossible  

u k n o m  
sizes 

3 cm max,? a 1800 $23,220 

I 

R e i r r a d i a t i o n  
allowance 

. .  

-- 

r e i r r a d i a t i o n  
allowance 

I 

59 



Figure 22 



CHECK L!ST Of REQUXEMENTS FOR TELETHERAPY MACMINES , 
* 
' 

Abstracted from the manusczipt of Handbook 54, N a t i o k  B u r e m  of Standards 
't 

?he following check l i s t  of requirements f o r  te le therapy  machines has been taken 
dii?ectly from the f i n a l  copy cf Handbook 54a wProtection Against Radiation from Radium, 
Ccbalt 60, and Cesiun 137 Encapsulated SourcesP* Xational Committee on Radiation Pro- 
k c t i o r ; ,  National Bureag of Standards. O n  October 3 9  1953, representa t ives  of the  Oak 
Ridge I n s t i t u t e  of: Nuclear S tudies  
Ecergy Commission, Atomic Energy of Canada9Llmited, and a s  QiUay fndcs t ry  met t o  d i s -  
cuss te le therapy  i n  hynan radiographic problems with imtapes,' 14ost of the d e t a i l s  
from the r,ew handbook are lilzluded if. t h s  copy of the Unntes of t h i s  j o i n t  meeting. 
The har.bbcok, however, w i l l  be pablished withi2 the ,aext feu ?uonths and there  i s  no 
ceed f c r  B review of the maler ia l  here, L3 this check l i s t  a2! attemp+, has  been nade 
$9 e x t r a c t  from the mamscript  copy of Haadbook sb those f q a t u r e s  thak a r e  necessary 
f ~ r  a mailuZact*wer to consider i n  the design of a te le therapy machine, There i s  one 
h p o r t a n t  change from the  cioz-iienf issged on October jP 1953, an;d t h a t  change concerns 
thg protec t ion  requirements f o r  the primary te le therapy shield.  The es r rec ted  version 
is gi-;en i n  the following l ist ,  
a? has qzas i - lega l  status i n  t h a t  i t  represents  the current %est  possible opinion," 
The use of shall and should i n  the NEE handbook recommendations a r e  used i n  the check 
lisr; acd are defined as follows: 

the  IsotopesDivision of tha United S t a t e s  Atomic 

- 

tiandkook s& Is conzerned o n l y  with pro tec t ion  problems 

S h a l l  rlecotes t h a t  %he ensuing recommendatloI? i s  mcessary 
o r  e s s e n t i a l  t o  meet the cur ren t ly  accepted standards o f  
p ro tec t ion ,  
are t o  be applied when pract icable .  

Should i c d i c a t e s  adv1soz-y recommecdations t1-t 

1, Foolproof Desiqn, Teletherapy apparatus must be so designed as t o  be prac t ica l -  
Ijr foo lp rao f  i n  operazion and it must be improbable f o r  any accidents  t o  leave the  
source anshielded. 

2, Kinds of Hazard, Hazards t 3  be considered i n  the design of  te le therapy  machines 
are:  (ao] Those harmful t o  haman beings; (bo) those t h a t  i n t e r f e r e  with func t ion  of 
equipment or damge t o  m a t e r i a l  s e n s i t i v e  to  r a d i a t i o n  (photographic films) . 

3. Isotopes a r e  MonoeTgLc. Unlike X-ray machines, radioisotope sonrces are always 
"OIL' 
i s  not  a continuous s p e c t m ,  but  i s  fmm e i t h e r  singh o r  ;aul t iple  monoergic gamma 
snerg ies ,  
f o r  a similar peak energy from an X-ray genera ta ro  

Hence, protec t ion  requirements a r e  d i f f e r e n t .  Xith nos t  isotopes,  t h e  r a d i a t i o n  

The pro tec t ion  reqairements w i l l  be higher for a mofioergic g a m a  energy than 

4. Def in i t ion  of PermissiSle Dose, The permissible e x t e r n a l  r a d i a t i o n  Levels f o r  
l ~ n g  % e m  occupationai s x p o s : ~ ~  x - i X  be r e p i t e d  i n  an NES handbook soon t o  be published. 



The fo l lowing  i s  e x t r a c t e d  f x m  the  m a m s c r i p t :  

A .  For aclvlts under b5 yea72 of a= whose e n t i r e  body 
o r  major p o r t i o n s  thereof  i s  expczed s o l e l y  t o  X r ays  
wi th  full time ene rg ie s  l e s s  than  3 Mev from e x t e r n a l  
sou rces  l o r  an  I n d e f i n i t e  per iod of years, the  m a x i m u m  
pe rmis s ib l e  t o t a l  weekly dose s h a l l  be 300 m r  measured 
i n  a i r  a t  t h e  p o i r k  of h ighes t  weskly dose i n  t h e  r e g i o n  
occupied by the  person,  provided t h a t  t h e  a c t u a l  t o t a l  
weekly dose i n  the  gonads does no t  exceed 300 m a d .  

Bo 
corresponding m a e m u m  p e r r i s s i b l e  t o t a l  weeklv doses  

F o r  persons 45 yea r s  o r  o l d e r  similarly exposed, t he  

s h a l l  be double t h e  p rev ious ly  s t a t e d  vaiues , -provided 
t h a t  t h e  actual t o t a l  weekly doze til t h e  l e n s e s  of  t h e  
eyes does n o t  exceed 6co mrad. 

C, 
and anklesj a r e  exposed s o l e l y  t o  X r ays  from e x t e r n a l  
sou rces  f o r  ar, i n d e f i n i t e  per iod  of yea r s ,  the  maximum 
pe rmis s ib l e  weekly dose s h a l l  be Yj'CO mrad i n  the  s k i n .  

F o r  a d u l t s  03 any age whose hands and forearins ( o r  f e e t  

Do F o r  a d u l t s  of an:; age whose enti,-e body o r  major 
p o r t i o n s  thereof  i s  exposed t o  i o c i z i n g  r a d i a t i o n  of 
very low p e n e t r a t i z g  power fieom e x t e r n a l  sou rces  (haLC 
va lue  l a y e r  l e s s  tr,ar, l mm of s o f t  t i s s u s ) ,  t h e  m a x i m u m  
pe-rmissible t o t a l  weekly dose in the  s k i n  s h a i l  be 1500 
mrad, provided thac the t o t a l  weekly dose I n  t h e  l e n s e s  
of t h e  e y e s  does no+, exceed 330 m a d .  

E. 
be exposed t o  rad ia t ior ,  i n  tha cowse  of t h e i r  normal 
a c t i v i t i e s ,  p r o t e c t i v e  measures be taken  t o  make su re  
that, no minor a c t u a l l y  r ece ives  r a d i a t i o n  a t  a weekly 
rate hiTher  than  one- tec th  r e s p e c t i v e  b a s i c  pe rmis s ib l e  
weekly doses f o r  %he c;.i%ical organs ,  

F . 
to xhich  a persor, i s  exposed ? r o u g h o u t  the week. 
i s  an  impor tan t  cons ide ra t ion  i n  c a s e s  of s imultaneous 
and s e p a r a t e  expssu r s s  t o  r.0~8 t h a n  one source o f  i o n i z -  
in5 r a d i a t i o n ,  

It i s  recommended t h a t  i n  c,aEes i n  which minors may 

Permiss ib le  d o ~ o  s n a l l  be a p p l i e d  to the  t o t a l  d o s e  
This 

5.  How t o  F u r n i s h  P ro tec t ion .  P r o t e c t i o n  from r a d i a t i o n  can be  achieved i n  any 
one, o r  a combination of t h e  following f a c t o r s :  ( a o )  
from t h e  source of r a d i a t i o n ;  reducing the  time of exposwe ;  ( c . )  i n t e r p o s i n g  
a t t e n u a t i o n  ( p r o t e c t i v e )  b a r r i e r s  between t h e  source  of r a d i a t i o n  and t h e  pe r son  ex- 

Inc reas ing  t h e  working d i s t a n c e  
(bo) 

posedo 

6.  OccupancyFactors .  F o r  lise as a guide i n  planning s h i e l d i n g  where complete 
occupancy d a t a  are n o t  a v a i l a b l e ,  t h e  fo l lowing  occupancy f a c t o r s  c2n be used: 

(a . )  F u l l  occupancy (T=l). Contro l  space,  Fes idenc ie s ,  wards, o f f i c e  work 
'ooms, da rk  rooms, c o r r i d o r s ,  and wa i t i cq  sFace i a r g e  enough t o  5013. desks,  res t  rooms 

used by t h e  r a d i o l o g i c a l  staff and o t h e r s  r o u t i n e l y  exposed t o  r a d i a t i o n ,  and p l a y  a r e a s o  



, I- b . .  'I Par.5lal occiipanc; (?e$) a Corr idors  asd X-ray departments t oo  narrow 
50- Z Y ~ G : ~  2ecK ,cpace, ,-est rooms used ky r a d i o l o g i c a l  personnel ,  parking l o t s ,  ar.d 
I T i l P t y  rooms 0 

' \  
. c i Occasional  occapascy ( t =L/LS) , Stairways automatic  e l e v a t o r s  s t r e e t s  , 

c l o s e t s  too small f o r  f u t u r e  work rooms, r e s t  rocms n o t  used by r a d i o l o g i c a l  personns.1. 

7 ,  ?he rjse o f  k r r i e r s o  The th i ckness  of b a r r i e r s  f o r  p r o t e c t i o n  a g a i n s t  r a d i a r t  
t i o n  can be compuzed i n  m n y  d i f f e r e n t  ways. 
of one u s e f u l  method of c a l c u l a t i n g  such b a r r i e r s :  

Handbook 54 g i v e s  a d e t a i l e d  d e s c r i p t i o L  

( a o >  
2 s  p o s s i X s ,  
z e a ,  an3 t h e r e f o r e  t h e  volume, i s  reduced. 

Fo? r easons  of econom3, b a r r i e r s  should be ?Laced as n s a r  to t h e  sou rce  
The th i ckness  of t h e  b a r r i e r  i s  n o t  reduced by t h i s  procedure bu% t he  

(5, ) Concrete marble and s h i l a r  materials g e n e r a l l y  pmvide  t h e  most 
3cor,mnlcal b a r r i e r ,  b z t  l e a d  may be r e q u i r e d  where t h e  space i s  l i m i t e d ,  o r  where it  
1s . j r s i ~ a b l e  k T d x e  t h r  t o t a l  v e i g h t  of t he  b a r r i e r ,  

( c , )  A l l  opeizfngs in b a r r i e r s ,  such as f o r  doors ,  windcus, a d  p i p e s ,  s h a l l  
te ?rqir'_Zed wLth a t  i e a s t  ;ke r ab ia t i c ; z  pmt tec t ion  r equ i r ed  by the  sur rounding  b a r r i e r .  

:do> 2 o l c t a  betwear. the  saxe or d i f f e re r .3  k inds  of p r o t e c t i v e  materials s h a l l  
be c c m ~ r z c t e d  t2 provide  the  same p r a t e c t i o n  as t h a t  r equ i r ed  of  t h e  a d j a c e n t  material ,  

T-cr.spcr:aorion of bej;ces 

8 %yizt,icrns on T_rans??oP+; Froper t r a n s p o r k t i o n  of radioactf.:.q materials is 
s u b j e c t  :o iedsi-al, Sta+a ac3 l o c a l  r e g a l a t i o m  Ahose  responsiS2a f o r  t h e  shipment 
cf sources  shou13 'c5 Emriiar  with tlne cumen+, ~ g r r l a t i o n s  of the  I n t e r s t a t e  Comnerce 
cCr?i'!liSSiOri, t h e  Post  Off i ce  Lspar<inent, the  C L J i l  Aeronaut ics  &iFrdp ar,d $h5 Bureau 
o f  k p l o s i v e s .  Va,-folrs l o c a l  3Si2e2. a d  br idge  a a t h o r l t l e s  may r e g u l a t e  o r  pFoh ib i t  
t h e  shipment of dacgerous na te r ia? .  through vehi :cuIar  f m n e l s  o r  c v e r  major b r i d g e s ,  

rn 

': ,P 

9 0  EX Regu la t iocs ,  The I n t e r s t a t e  Commsrce S o m i s s i o n  does n o t  permi t  shipment 
o f  3ver 2 cui-ies of r a d i - m  CT 2.7 c l i r i e s  of c o b a l t  60 o r  e e s l ~ m  137 fr, e q r e s s  pack- 
=tees Complets IC2 r s g u l a t i o z s  a x  a .vai iable  f rorn t h e  Sureau of ixplosives Associa  -- 

Zion of American F?allroads,  30 Besey S t r e s t ,  N e w  Y0rl.C 7,  New York (Currenr, p r i ce :$3 ,5b ) ,  

10, CAB R e g ~ l a t l o n s ,  The C i v S  Aerocaut ics  S a r d  ~2.1, in gene ra l ,  p r c h i b i t  the  
shi meat  of 5eLesherapy sources  'cy a i r ,  except  k i t h  s p e c i a l  permission.  
are rAot requi red  t o  a s c e ~ t  shipments e-Ten If t h e y  m e t  CAB r e g u l a t i o n s ,  some a i r l i n e s  
reSuse t i l l  shipmen.ts Qf r z d i o a c t i v e  m a t e r i d s  

5in.ze a i r l i n e s  

The Sodice cad Et3 Capsuis  

11, I r f o m a t i o n  t o  Bye?. Tele therapy  smrces a r e  g e n e r a l l y  d e f i n e d  as  t h o s e  sources  
e m i i t l n g  gamma r a y s  &%ween 1 and 50 rmm. Complete information r e g a r d i n 5  c o n s t r u c t i o n  
of t h e  capsule  and s h i e l d  s h a l l  be provided %he buyer o r  use r  by t h e  inanufacturer .  

1 2 ,  Naricifig o f  t h e  Capanle, * h e r e v e r  s i z e  permi ts ,  t h e  c o r t e n t  of t h e  capsu le  s h a l l  
?x c l e a r l y  and permanent ly  marked and be r e a d i l y  i d e n t i f i a b l e  from a cons fde rzb l s  d i s -  
t .ance,  
caployesl. The stanciarcl source capsa le  meets a l l  of t h e  recommerdations of t he  h a n d b o k ,  
e x c e p t  t h a t  it does n o t  proT5ide f o r  marking on t h e  source.  

&hen s izes  and shapes are n c t  adequate,  o t h e r  means of i d e n t i f f c a t i o c  should ke 

It i s  expected that on  



t s l e t h ~ a p y  machines the  same z h a r a z t e - l s t i c s  w i l l  'cle p l a i n l y  marked OI? t h e  machine. 

13 , Pepoval of Sourc~ Plate?ia2. Rainaval cf Tadloact ive mater ia l  f  om permacently 
sealei  sau rces  should be done only  by those  persons p a r t i c u l a r l y  t r a i n e d  and equipped 
t o  do t h e  job. Any dlsmancl ing s h a l l  be l fmi t ed  t o  t h e  removal of t h e  source i n  i t s  
capsule  , 

lk, Design of Source Capsula,  Con$ainers f o r  s o l i d  sources  s h a l l  be designed t o  
prevent  t h e  yelease of h i g h l y  r a d i o a c t h e  d u s t s .  
l i q u i d s  s h a l l  be e s p e c i a l l y  designed t o  prevent  a c c i d e n t a l  r e l e a s e  of t he  material .  
These c o n t a i n e r s  should be doubly p ro tec t ed  a g a i n s t  leakage . 
sui- lzbls  aater ia i ,  

Containers  f o r .  l oose  powders o r  

15'. Capsule Skall .  be x i z t i g h t ,  Sources s h a l l  s e a l e d  i n  a i r t i g h t  capsules  of 

16, C o n t a n a t i o n  on Capsule,  After t.he i s o t o p e  i s  loaded i n t o  i t spermanent  
capsule ,  t h e  capsnle  s h a l l  be sc,mSked c l ean  of contaminat ing r ad ioac t i - c i ty .  
mt, be r e l e a s e d  by the  manufacturer  u n t i l  a reasonable  tsst r e v e a l s  30 s i g n i f i c a n t  
c o n t a i n a t i o n  . 

It s h a l l  

27. Glass P roh ib i t ed ,  I s o b p e s  xsed i n  t e l e t h s r a p y  s h a l l  n o t  be sea l ed  i n  g l a s s  
o r  o t h e r  breakable  con ta ine r s  e 

18, Gas Product ion.  C e r t a i n  t e l e t h e r a p y  s o u x e s ,  those  s e b j e c t  t o  decomposition, 
should be sea l ed  i n  a powdered source  m n t a l n e r  and th2n r e s e a l e d  i n  a second sa fe ty  
capsole  con ta in ing  a n  air pocket ,  

The TB I s t h a  p y Apparefu s 

21, P r o t e c t i o n  Requirements f o r  t h e  Eousin?.. 732 hcuaigg and c o l l i m a t i n g  d e v i c e s  
s h a l l  be so c m s t r x c t e d  t h a t  a t  one meter i n  a q  d i r e c t i o n  from t h e  source i n  t h e  "of f"  
p o s i t i o n ,  t h e  m&mum and ax-erage dose rates do 1105 exceed 10 mr/hr and 2 m / h r  respec-  
ti-eljj. 
t h e  w ~ ~ n  p o s i t i o n  should n o t  exceed 1 p e r  cect of t h e  u s e f u l  bsam measured a t  one meter 
from t he  s o u r c e o  
r e s u l t  i n  a more economical secondary p r o r , e c t i w  b a r r i e r .  

I n  o r d e r  t o  reduce t h e  i n t e g r a j  dose t o  t h e  pat ient , ,  t h e  leskage  r a d i a t i o n  i n  

A r e d u c t i o n  of t he  leakage r a d i a t i o n  t o  0.1 p e r  c e n t  o r  lower will 

22. Mul t ip l e  Source Units .  
p r c t e c t l o n  requi rements  of a s l n g l e  source uniit, except  t h a t  t he  p r o t e c t i o n  r e q u i r e -  
xen^,s f o r  t h e  e n t i r e  a p p a r a k s  s h a l i  i n  50 s i t u a t i o n  be less  t h a n  those  recommended 
f o r  '3. s i n g l e  s o u x e  mit. 

I n  n u l t f p l e  source un i t s ,  each source  should meet the  

23. Diaphragms, Adjus tab le  beam d e f i n i c g  d i aphragm when used shal l .  a l l ow t r a n s -  
Fdss ion  of ;lot more t h a r  5 per  c e n t  of t he  u s e f a l  beam close ra te  o u t s i d e  ' the  u s e f u l  
k e a ,  

2b0 F i l t e r s ,  ahere f i l t e r s  50 !larden the  r a d i a t i o n  are cons idered  necessary ,  t h e  
f i l t e r s  shall be a p e ~ n a n e n t l y  a f f i x e d  p a r t  CZ t h e  housing. 

25,, Line-up of Source i n  "OFF" Pos i t ion .  The r e l a t i o n s h i p  of t h e  source  and t h e  
co l l i i na t ing  opecings shall be such t k a t  i n  the %f f"pos i t i on  of t h e  beam, t h e  moving - 
p a r t  s h a l l  always ;-etu;.n t o  a p c s i t i o n  of s h i e l d i n g  dei'ized as s a f e ,  

25, Uns-cp  of Sowcs  i n  nONn PositiorL, I n  the  "caw p o s i t i o n ,  the  moving p a r t s  s h a l l  
always c3me t o  ?est  wi$h t h e  source  and t h e  beam co l l ima t ing  device  a c c u r a t e l y  a l i q c e d ,  

I 1 3 b 4 9 1  



.2?, -.3--.& L;40!$+5h-*ero If a l i q u i d  n3nm-"0ffn de-dze i s  used, the  l i q u i d  c o n t a i n e r  
. - -  

z.-.Q-.;. k f i l l e d  and. empt4ed with Less than  a 5 per .:ent change i n  dose r a t e  i n  the  

28, Mzrcary Shuttei- ,  If the  iiqillcl %sed i n  a n  Roaw-moff 
-,tsi3~,3 zhould be nads f o r  F e r i o d i c  tests f o r  leakage of mercury vapors ,  s i n c e  t h e y  
az3 toxic: and may also a f f e c t  t he  f i i m  badges used i n  monitor ing personnelo  

device  i s  mercu-ry, pro- 

29. Eem. C o c t r o l  S h u t t e r ,  The beam c o n t r o l  mechanism s h a l l  Se of a p o s i t i v e  des ign ,  
capaSia of act.irG I n  any  p o s i t i o n  of t h e  housing, and s h a l l  s h u t  of f  au tomat i ca l ly ,  
a33Stion t o  t h e  a-JtoTzitic c l o s i n g  device ,  t h e  appara tus  s h a l l  be s o  designed t h a t  it 
383 be manually turned o f f  wt th  a minimun risk of exposure,  

I n  

.30. Desig2 of Moicin-, The moving p a r t s  s h a l l  be so des igned  t h a t  
it i s  h i g h l y  improbable f o r  p r o j e c t r o s s ,  breakages,  loose  screws, d i r t ,  o r  f a i l u r e  of 
acy par t ,  t o  impede t k  dosing of the  source ,  

31, wOMW-WCFF~ W . w n i q . ,  There s h a l l  be a t  t h e  housiilg and on t h e  c o n t r o l  p a n e l  a 
" C * T Y  h~...-Lng zleti=e that Z i e a r l y  IndLcaSes whe5her t h e  appara tus  i s  "onff o r  % f f  

32.  Shut,-off Tip.ero Re z o n t r o l s  s h a l l  be proi6ded wi th  a t imer  t h a t  a u t o m a t i c a l l y  
C,em.,lna+,F;s t h e  e -qosure  a f t e -  a p re - se t  time. 

jjo Au%omaflr, Clos izq .  The c l o s i n g  device  s h a l l  be s o  des igced  as t o  r e t u r n  aa to-  
mSicaLly 53 tk-e % f f n  p o s i t i o n  in the  e w n t  of any breakdown o r  i n t e r r u p t i o n  of t h e  
a z t l T a t i n g  fo rce ,  and shall s t ay  Ir, t h e  5ffR p o s i t i o n  whan t h e  f o r c e  goes on a g a i n  
-mtiil a c t i 7 2 t s d  "Xl corLtrol3 0 

3Lo S o n t r o l  Lock, 
p reven t  manthTizeC! use ., 

Th.3 beam cont . rols  s h a l l  be provided - d t k  a i x k i n g  dev ize  t o  

The 'he.,e?ikestpy Room 

t hey  will not c reep  because of t h e i r  own weight and s h a l l  be p ro tec t ed  a g a i n s t  mechani- 
c a l  danage. 

3.5. h a d  E?arrierse Lead b a r r i e r s ,  if used,  shall be mounted i n  such a manner t h a t  

j60 Yovable Barnlei-so Eo-rable b a r r i e r s  should n o t  be depended upon excep t  f o r  
ame;-ger:y procedures The p;-irna=y & a m  s h i e l d  a f f i x e d  t o  a r o t a t i o n a l  dev-ice should  

be :onsidered a Pa-JEbie barrle;.. 

37. Computation of Girect &am Pro tec t ion .  P r o t e c t i o n  f o r  t he  u s e f u l  beam s h a l l  
be cornpilted without  a p a t i e n t  i n  t h e  bean, P r o t e c t i o n  f o r  sca t te r  s h a l l  be computed 
wLth a p a t i e n t ,  i n  the  bean, 

38, H x i o w  a2d Naze Ees igns ,  I n  gene ra l ,  i t  i s  more economical t o  p l a c e  the 
obserca t ior ,  w'Ln3ow o u t  of t h e  d i r e c t  beam a d  t o  prov5ds a maze r a t h e r  t h a n  a heavy 
l e a d  o r  s t ee l  door  f o 7  a c c e s s  t o  t h e  r a d i a t i o n  roomo 

3 9 .  Sfze of Primary Barrier, Primary p r o t e c t i v e  b a r r i e r s  s h a l l  be provided f o r  
a?y area that t h e  u s e f u l  beam may strike, wi%h t h e  l a r g e s t  p o s s i b l e  d iaphraga  open- 
11%. 
any poas ib l e  orientation. 

These j a r r i e r s  s h a l l  ex tend  a t  l e a s t  six i nches  beyond t h e  u s s f u l  beam f o r  

- $lo Axtent  of B a r r i e r ,  T h  b a r r i e r  s h a l l  be such t h a t  a t  no p l ace  l i a b l e  t o  



i 

uncontrolled habi ta t ion  shall the r ad ia t ion  

4l0 Posi t ion of Controls. The controls  
permanent s t ruc tures  . 

' s:, - I, - 

exceed- the dose r a t e  of 300 m r  per week. 

should be i n  a separate room o r  behind r 
. .  

~2;:f-~Acc8ss Doors, A l l  access doors t o  the treatment room and other  hazardous a reas  
s k l l  ke provided-with-electr ical  in te r locks ;  warning l i g h t s ,  bells, o r  other  devices 
should a l s o  be provided ,, 

<I . . f- 

ary Barr iers ,  Secondary protect ive b a r r i e r s  s h a l l  be provided f o r  a reas  

The te le therapy &chine and i ts  pos i t ion  i n  the 

exposed to leakage and sca t te red  rad ia t ion ,  
. L  

&. Only Pat ien t  Allowed i n  Room, 
room "should be so  -designed t h a t  only t h e  pa t i en t  should 
roomx'dnring - i r rad ia t ion .  ,-- 

wed i n  the  treatment 

M e a  Considerations involving Nonmedical Applicattons 
- .  

Generally, teletherapy-type machiaes used f o r  nonmedical appl icat ions have less 
s t r i c t  regulat ions and a l l o w  f o r  monitoring of 
s a f e t y  o f f i ce r .  
put, but  are usefu l  ru l e s  t o  observe even i n  te le therapy devices: 

nonroutine use by a rad io logica l  
Some of the  following recommendations a r e  f o r  sources of lower out- 

*4s0 Deviations Allowed Radiation Safety Officer.  I n  the event t h a t  a s i t u a t i o n  
beyond t he  reasonable contemplation of these recommendations i s  believed to  exist  , 
any devia t ion  s h a l l  be allowed only upon authorizat ion by the  rad io logica l  s a f e t y  
of f  i c s r  af ter  thorough survey of tne  cocdi t ions ., . 
. 46. Iabels, Labels s t a t i n g  type or' a c t i v i t y ,  amount, and danger range, shielded !, 
and unshielded, should be attached t o  the source shield,  
read a t  t h e  danger range. 

Lettering should be e a s i l y  

h6, Label for Source, The presence of a radioact ive source s h a l l  be c l e a r l y  
ind ica ted .by  a- su i t ab le  permanent legend on the  face  of the instrument s t a t i n g  the  

. isotope 7and':its:; curiage. and date  . 
dismantling the instrument. 

The source s h a l l  be readi ly  dis t inguishable  upon 

47,, Handling Sources. Special  remote handling equipment s h a l l  be used wi th  
sources exceeding 30 m/kr a t  the surface,  
pos i t ion  t o  any other  pos i t ion  should be accomplished by nechanical linkage o r  
o the r  rem0 te con t ro l  methods , 

Movement of the source from shielded 

- . . - - _  - - - -  L-4- . . 7 -  71.- 2- 
I -  ___.__ _-- - 2A---.?- -ra - -.--. ~ 

. Calc t ik t ionS  Insu f f i c i en t  . It s h a l l  not  be c o n s i d e r e d : f f  i c i e n t  t o  ca l -  
cu la tz  dose rates and danger ranges from multicurie sources from considerat ion only 
of the-amount of activity present. For these sources, an a c t u a l  survey of t h e  ra- 
d i a t i o n  Ievel'si should: =mad=? Consideration must be. give 

_L 

, I. * . "  - v  

1L-z . r  . , _ .  
zpparatus used for research shall be sub jec t  
precaut ions  as those:recommendedz for inedical . 

a t ions  given t o  th&-protect ion of t h e  
e: shall n o t  apply where animals,- p lan ts ,  o r  

~ 

o the r  experimental materials are being i r r ad ia t ed ,  Precautions, however,.should be 
taken by mans  of dpor  lock, o r  a l t e r n a t e  means, t o  prevent unauthorized persons from 
x i b r i n g  the te le therapy  room while the beam is i n  the "on" posit ion.  In te r locks  f 

/ 
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need not be e l e c t r i c a l l y  operated . 
RadEatton Swweya and Pecsonnel Monitoctng . - . - .  . -An i n i t i a l  survey should be made of any fac i1 i ty : to  be used ' - 

of radioact ive sources. -;%&*!&-: 

L 52. Repeat Surveys,; Jf *,changes a re  .mde  i n  layout o r  sh i eUi -qg*o  
i s  a p o s s i b i l i t y  of a fau l t  developing through cold flow i n  meta l l ic -sh ie ld ing ,  or-  
through wear, the survey sho 

f i lms  may be used i n  making an.approximate survey. 

Ioniza t ion  chamber instruments are required only if a p r i o r  
scanning with a su i t ab ly  ca l ibra ted  Geiger-Muller o r  s c i n t i l l a t i o n  type of instrument 
ind ica t e s  occupied regions t o  have a r ad ia t ion  l e v e l  of over one-f i f th  of t h e  permis- 
sible dose rate,  

be repeated a t  appropriate i n t e rva l s .  . _ -  - - -  - -  
5 3 .  Film Surveys, For.- i t i o n s  i n  which the dose rate i s  expected to  

5&. 
- -- I e -  

L - - I  ,,- 
1 t. - 'k_,+? - t l  .:--LA ' 

Chamber S u r k y s .  

55. Protect ion Survey.. No te le therapy i n s t a l l a t i o n  should be used rout ine ly  un t i l  
i t s  s a f e t y  has been establ ished by a protect ion survey, 

560 Area Survex. A survey should also be made of a l l  regions adjacent to  the  
rad ia t ion  room, with the beam on, and a pa t i en t  o r  phantom i n  place. 

57; Pinhole Ieaks. Pinhole leaks s h a l l  be considered i n  terms of the  possi-  
b i l i t y  of a hazard t o  operator  or pat ien t ,  r a the r  than i n  t e r m s  of specif ied exposure 
rate,s . 

58. Warning Signs. Any r e s t r i c t i o n s  on occupancy should be indicated by ap- 
propriate  warning signs.  The s igns should be removed when the hazard i s  eliminated,. 

Personnel monitoring should be employed where t h e  
A f i l m  badge, pocket 

. 
59 . Personnel Monitoring. 

r ad ia t ion  safety depends upon proper operating procedures. 
dosimeter, o r  pocket chamber may be used. 

60, Discontinued Personnel Monitorinq. If a pa r t i cu la r  operation i s  rout ine o r  
r epe t i t i ve  and the hazard is s l i g h t ,  the l o c a l  exposure may be establ ished i n i t i a l ly  
without the necessi ty  of wearing these devices continuously. 

61e Ins t ruc t ion  of Personnel. Before a person i s  allowed t o  handle rad ioac t ive  
sources, he should be informed of t h e  hazards involved and how t o  guard aga ins t  t h e m .  
Such an employee should be required to read the sec t ions  of Handbook 54 per t a in ing  t o  
his work and the  spec ia l  safety rules. 

I .  

-- ~ _- 
. "  
I .._. . - - %  :--- . 62. Radiologic'al Safety Officer, In  every hospi ta l ,  c l i n i c ,  or  laboratory-  
%-, 

- .- . t  _ _  - _  : handling radioact ive sources,. there s#dLba a rad io logica l  safety o f f i ce r .  The 
r ad io log ica l  safety o f f i c e r  s h a l l .  be responsible for- the establishment of s a t i a f  ac- 

working condi t ions a andards, including 
dbook 54. 

63* Yarning Signs. Regions t h a t  are easily accessible ,  and t h a t  cannot be 
cont i ruously occupied without exceeding the maximum permissible dose, should be 
posted t o  warn a l l  concerned t h a t  this i s  a dangerous area. 

. 

I i 313500 67 



- 

6L. Personnel Examinations . No spec ia l  examinations o ther  than those considered 
good medical and i n d u s t r i a l  p rac t ice  should be required of personnel working with 
Yadioactivity. 
person, a normal blood count s e r i e s  for any such individual  would be u s e f u l  as a 

If there  i s  any possi’bil i ty of accidental  hea- exposure t o  any 

a t i o n  damage cr absence of 

t i o n s  should not  be considered- 
I - _  (L - 

GI-. 1 _  _. 

66. Accidents. Procedures are recommended f o r  accidents  with radioact ive sources. 
The d e t a i l e d  statement,of.,what-to do- in  case of accident,  which i s  a-part of bndbook 
54, should be rea 
radioact ive mater ok should be kept ava i lab le  c a t i o n  where 

by every person working with dangerous amounts of 

he 
. .  

~ ..-,*- . - . 1 * - * - - : < c  + + .  . A >  .+.- l.“ 

~. - . . . . . . . .  . . .  - . . .  

- . . .  . - .... 

. .  
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: .  . 
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THE USE OF MARBLE AS A RADIATION SHfELD 

Harshall  Erucer, M.D. ++ 

For many centur ies ,  marbie has been accepted a s  one of  t he  most b a u t i f u l  of 
building materials, I ts  s t r u c t u r a l  cba r sc t e r i s t l c s  - durab i l i t y  and dtrength - have 
kept i t  i n  the f i e l d  of cornpetLtltion with other n o t - s o - n a t ~ a l l y - ~ a ~ i f u l  construc- 
t i o n  mat.arials, but cos t  of quarrying and cu t t i ng  and expense o f  t r a m p o r t a t i o n  have 
given it the  reputa t ion  of being i n  the luxury  c l a s s ,  
advantages of w i n g  marble are ; Je l l  known t o  a rch i t ec t s .  
f a c b r  Involved, t ha re  wodd  be no d i f f i z u l t y  i n  choosing betk-een a nnd hu t  ar-d a 
marble palace e 

Both the admn-bagss and dis- 
If there  were not a cost  

Today, we a r e  going t o  ccnsiesr  one other zha rac t e r i s t i c  cf marble xhich has 
r e c e i x d  l i t t l e  a t t e n t i o n  and which m y  add t o  the ds s l - sb i l i t y  or" mTble,  not, as a 
P m x y j  item, hi5 because undar certairi  condi t iom it nay te rcore economical than mud, 
Kayble is a n  e f f ec t ive  s h i e l d  a g a i r s t  radiat ion;  when used t o  its best  advankge,  it 
m y  compete ec onornically witn otker rrd t z r i a  Ls e 

This diszussion involvss a r e l a t iTz ly  rout ine problarr, i n  the science or" pnys- 
The _ I _ )  LLS? but  a lso i x l u d e s  sone very serims and cmpl i ca t ed  problem in eeonorics. 

problem of shielding a person from %,he hazards of r ad ia t ion  is  e s s e c t i a l l y  simple. 
It i s  only when cost  en ters  the picture  tha t  t n e  problem n i l t i p l y .  
for example, Ls used here t o  cover tvc  d i s % k c %  types of e x p n s e .  FLrst, there  is 
t h e  dollar expenditure t o  c w e r  $he pwzhasz of materials ar,d the fabricatLcii out or" 
these ma-teriais of a s h i e l d  t o  absorb TaXa'sion. Secondg t h e r e  is  t h s  cost  involved 
ir, the e f f i c i e n t  use of space. 

The word " c o s t  s w  

If we take,  f o r  ins+ance, an intense soarce of high voltage gamma rad5at ion 
scch a s  is now being manufactured f o r  use i? cobal t  50 t s le therapy  nachines, and 
place t h i s  source in an open field, it K i l l  not be hazardous (by any str*etch of the 
iJnagimtion) t o  anyone who s tays  1,'s d l e  away from the source. A fif5-h- o f  a ni le  of 
a-b a d  t h e  ais"ance i t s a l f  is a good Yadiation sh is ld ,  ht t h i s  i s  not necessar i ly  
cheap shieldir.g, The Tent on n o r e  than 1/2 acre  of  lanci ms% be considered If such a 
s o i r e e  cf r ad ia t lon  is  used., 
a s  shown i n  rFigwz 1, -hvolving me;.e>j a r s i s i i i g  and lcwering of the scwce ,  %hers is  
9 necess i ty  f o r  t he  e=.ectlon or" high poles, the xse of t2lescopes a d  long f i s h  l i n e s  
f o r  p c s i t i o n b g ;  f,hese operations a re  not  f ree  of  cost .  If a more conglicated manip- 
u l a t ion  of the source werp, reqcired,  there  w d d  a r i s e  demands f o r  xechanical  gadgetry 
t h a t  could make :'distance7' a n  eqens im s h i e l d h g  mater ia l ,  

I f  only sirrple inan<?-Lation o f  Yce source 5s reqaired,  

A simple way t o  c u t  down on t h e  dis+anca wodd be t o  use another cheap ma&- 
ria1 - water. Since water is about 1000 times more dense than a i r ,  only about six 
f e e t  of water would give adequate shielding, Water is c u r x n t l y  being used for high 
ic+&nsity sources of  radLs%ion such as nuclear reactors .  It could a l s o  be used a s  a 
shield f o r  a c o b a l t  60 source. Tte s;X feet  of water, however, m s t  be enclosed ia a 
+,ark, which imolves  a considerable cost ,  and the  mantpulation of t h e  source thrmgh 

* A +;alk dolirered. before  5he Ha;.Sle I n s t i t u t e  of America, Washingtor!, 9. C., 
M2rc:i 2, 1954. 
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s ix  feet of' water is nlrnost a5 ex-persi-ra as a t  greater distances i n  a i r .  

If the use #-)f spaze i s  a ?najo-- consiieration, one of the best  ways t c  shield 

A few inches of plat,izun surroutiing a high i i l tensity ccbalt  60 source a re  suf- 
Cube source of  Yadiation is to smrcxtd it with a h igh  denisty Illaterial such as  p l a t -  
Lawn. 
f k i e n t  t o  reduce the radiat ion t o  negligible leve ls .  The manipulation of' a high in- 
t ens i ty  source of radiazioE inside e blcck of sol id  platinum is  r e l a t ive ly  simple and 
inexpensive. This is an economical use of space, but t h i s  saving m u s t  be balanced 
against  the cost  of the shielding na tes ia l .  Here l i e s  the crux of the en t i r e  problem 
of shielding. 
uses a =eat deal of space and the l a t t e r  uses l i t t l e  space. When "space" i s  verg 
expensi-re or impossible t o  obtaic,  platinum can be a cheaper shielding material  than 
a i r .  

A i r  is  ju s t  as  ussfi l l  a radiation sh ie ld  as platin7m, but the former 

The Maximum Permissibie Dose of Radiatlon 

The f i r s t  problem in deaigalrg a r a d i a t i m  skiel2 I s  t 3  ctetersiae hm mch  
It Fs never possible t o  be fyee of a l l  radiation, since we shhl3.irq i s  retjuirea. 

are  11-ring i n  8 cccs tamly  P-szect radiation fieid. A small amomt af z a d i e t i m  does 
no appreciable 5mage t o  ",he body, 
r o s e c  rays from ewer space. Mo-atalneers absorb more of t h l i s  radiat ioa than 40 107- 
larders,  yet t h i s  Zwrease is 205 m t i ~ e a b l y  dazgerous. There I s  a m t c r a l  rsdiosc- 
< i v i t y  i n  t.he ear th  and everL th'3 csr5or xliaking UT the  kmar! bo2y i s  p a r t i a l l y  radio- 
active,  but t h i s  does not ccnszLtute a danger. S l i x e  it. i s  impassible f o  shi22.2 our- 
selves from a l l  radiation, sous small but niessura3l.a anount; caz be cozsidered nonhaz- 
s;.30us. 
i s  3. 3is t inc5  hazaTd. 
the Inpossible task of 3etexnillhg ?CY nuch yadiation a person could absorL ecd s t i l l  
,)e 
akcle answer: 
:<e& &iring h i s  adult  l i f e  wi',hov.?: masrrrable &anire=.. 
based upon zhese f i w e a ,  azd r sd ls t ion  s h l e l d s  iwst be su_fficieni, kc give &t l e a s t  
%his Tniztinriun protection. 

There I s  a :onstant bcm3ardme,nt of the earth by 

For the pas-, 50 yeaz-s 25 bas bee2 Yeil 'ml3wn t ha t  too mzch radiatior;, hovever, 
AL m t e m a t i o z a l  c a m i s s l o ; z  vas s e t  up mazy 7ea-s ago axd given 

-L I f  szfe." By a judicious use of ~ a y  -~-JFF.S ctf infomatlo;., they e r l v e d  et  a work- 
The &man body can absorb 300 milliroentgens of gamm radiazion each 

A l l  of o m  safe ty  m s s ~ e s  are  

The Mechanism of Radiation Absorption 

T c  explain how marble c e  be used t o  3chir37e t h l s  minimxi p r o t e c t i o r ,  5% Ls 
m c e s s a q  to expisin the m2zhar;ism of rar i laslon absorptim. %es an X rzy or ga;nna 
yay tzavels  through e q t y  spec?, it mv3s i n  a 3trsight lics a t  the spead of 1igmy 
without losirig any energ-.  A17;hw~gk iC, I s  n o t  the kina of a thing xhlch has size ,  it 
c a n  be pictured i n  the micd as ar* object c\f very smll  size. Tne energy of the gamm 
ray ran be pfct-ced as the s i z s  factor .  
tube would, i n  t h i s  mental picture ,  be E! large basket 3all movhg tkmugh a 7acixm aad 
a high erergy gamma rag would kce a small golf  b a l l  mming t'mougk a va.~"ztrm a t  the speed 
of light. Any piece of mzter, such as a slab cf narbln. a t  these d is tor ted  dimensions 
would consist  of atoms tho-qht  gf as very larg,o h l l s  separated by many f e e t  of mcuum 
i n  an orderly array. 
atcms take up very l i t t l e  room; therefore, vhen a f a i r l y  large X ray  moves iato this 
s lab  of marble, it will very l i k e l y  panetrste some distance before it col l ides  with 
an atom of matter. 
is a theore t ica l  poss ib i l i t y  tha-c ir, could go completely through a s lab  cf mar3le with- 
oat ever coll iding. 

A l o w  energy X ray frm a diagmsfiz  X-ray 

&st of the  space b th i s  s lab of aarbie i s  ju s t  space. The 

It could go a soasiderable distance before a col l is ion,  and them 

A hi@ energy g a m  ray fT3m ccbalt 60, 5e i ig  a smaller k a l l  t o  s t a r t  r i t h ,  can ., 
go e 7 - a  I a r the r  before i f  col l ides  ui+,h ar, &i;ozc of zmtter, arrd i+, has a greater  prob- 



a b i l i t y  of going a cmsiderable  distance. When it doss col l ide,  it loses some o f - i % s  
anergy an& bomces off  i n  aEother directicn.  This meaas, by our dis tor ted  def in i t ion  
of energy and s ize ,  t h a t  it bacgmes a somewhat larger  b a l l  axd then has 9 greater  
pro'hsbility of making a second coi l is ioa.  
a t  a small angle with l i t t l e  loss  of energy and becomes only s i i g h t i y  larger.  If it 
h i t s  head-on, it bounces s t r a igh t  'tack with much los s  of energy and becomes a much 
la rger  b a l l  with a much greater  probabili ty of the next co l l i s ion .  

If it h i t s  a glancing S i O % - ,  it continues 

Without taking such a simplified picture  too seriously, we c m  appreciate a 
number of important charsc te r i s t ics  which determine how many garrsa rays get through 
a s lab  of material. 

F i r s t :  If the moving b a l l  i s  small, it i s  l i ke ly  t o  go a long distance without 
co l l i s ion .  If it i s  large, it will nct psnetrate very f a r .  T h a i ,  l o w  energy X rays 
a re  nore eas i ly  stopped than aze high snergy p m m  rsys. 

Second: If the v a l l  of atoms stopping the rays i s  made up of Fery small atoms, 
they present poor ta rge ts  t o  the m o v i x  gmna rays, which w i l l  Then be able t o  pene- 
t r a t e  deep in to  the wall  before soll.ision. If the a t c m  are  very iarge, they a re  good 
ta rge ts  and the  rays w i l l  not penetrate fa r .  
atoms of hydrogen, oxygen, almiau, o r  mgnesium does not s t q  gama rsgs eas i ly .  A 
wall of large atoms of  lead, gold, o r  manium w i l l  hwi-e greater  stopFing power. 

Thus, a s lab of Eatel-ial made up of small 

Third: If the  wal l  i s  made up of atoms spaced close tcgether,, it w i l l  stop gam- 
ma rays more eas i ly  than i f  the atoms are  spaced f a r  apart ,  Tha s p a c i q  of a tom is 
That determines the density cf the material. A loosely sacked spmgy f i l i g r e e  cf brick 
w i l l  not have the same stopping power as a dense, t i gk t ly  packed s o l i d  wall c.f clay. 

I n  measuring the a b i l i t y  of a-IY ZatPrial t o  stop radiation, a l l  three of these 
4 factors  must be consideyed: th? energy of the radiation, the atomic mass of the kind 

cf material*:used, and the density of the material. It is i n t e r e s t i r i  t o  see where mar- 
b l e  star,ds fn r e l a t ion  to:other  materials. 

The Ability of Various Elements to Absorb Gamma Rays ... 
I n  Figure 2 is a p lo t  of the re la t ive  a b i l i t y  of each cf the  elenients t o  stop 

3 r e e  d i f fe ren t  energies of gamma rays. 
e lectron vo l t  gama rays from raaioactive gclti. AC element with E high  a t sn ic  mmber, 
such 8s lead with atomic number 82, i s  much more effect ive t k - n  ac elerrrent such as 
oalsium with a$omic number 20. The middle l i x e  shcws the a b i l i t y  of all the elemerts 
t o  stop the higher enerjg gamma zay from a radioactive isctope of cesium a t  660,000 
electron vol ts  energy. The lower l ine  is for the  much higher, mill ion vol t  energies 
of the  cobalt 60 gamma ray. It is ncjt'rceable t h a t  calcium will stop the 400,000 vo l t  
gamma rays from radioactive gold more eas i ly  than lead can stop the millicn vo l t  gsm- 
m a  rays from radioactive cobalt. It is a l so  apparent that the r e l a t ive  difference 
between calcium and lead becomes l e s s  as the  energy increases. Lead is  much b e t t e r  
than calcium a t  l o w  energies. It is not so much b e t t e r  a t  high energies. This ex- 
plains why the r e l a t ive  lead equivalence of various building lnaterials depends so 
markedly upon t h e  voltage of,'X-ray machines, as shown i n  Table 1. 

The top l i n e  shows the -picture for b 0 , O O O  

A t  the  energy of a 1 .  voltage diagnostic X-ray machine, 71 inches of mar5le or 
80 inches of concrete a re  necessary t o  give the same protection as one h c h  of lead. 
But a t  the high energy of cobalt  60, o n l y  about f o r  inches of marble or four  and one- 
fourth inches of concrete a re  the  equivalent of  oDe inch of lead. Since only very th ia  
protect ive walls of lead a re  necessary i n  low voltage diagnostic X-ray ins ta l la t ions ,  
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The Half Value Lpyer 

wing the r e l a t ive  stopping p w e r  CU any given matarial. 
says through a w a l l  of material  is hinder& only by chance coll2sions with a tom,  
there  can be no prediction of vken and There oEe single g m a  =.ay will be stopped. 
Since, hovever, so may garmns rays a:e in-voivej. with such a n e a t  flu3rbe'c of atqrns i n  
even 8 t h i n  wall, there  i s  9 Zefinite predi2table dec;;.ease i n  the number of gama rays 
s%pi?ed with each adcied layer  of material, 
gama zays approaching a mll c f ' r n r b i e  are stoppe3 by one acd one-third i?chss of 
thickqess. 
three-fourths of the Total rays. 
V P j t  is  now l e f t ,  or seven-elgkt3s of the t c t a l ,  e tc .  
page 9f all of the beam, 3ut  r h l s ,  fc-,-t?.zately, i s  r c t  iiecessary. 
i z se r t  only a sufficien,t xmbez cf ha? +mylae layers to ~educa the ke2.m f,c a s e e  leTsl 
or" Fadiation. 
?;hree-r'ourths inches. It -woulb be just as easy to speak of a ter,th n l u e  iayer,  and 
sornetwes, with intense beam or' r a f f i a t i a x ,  15 i s  mare appropriate t o  speak ir terms 
~f the thickness required t o  re5uce tho Sean ta om-Tenth of its CrigiEal Y'alue. 
tvo terms, "half m l u e  layar" and Ymth value 19yc, 'I are  natnematically interchange- 
a?jls. The ten th  value l a p r  is  t&se xi2 o2e-third 5iaes ths half ~ a h e  l2yzr. 
other i-alws could 3e zseti, bat tkese n-o drz the sinplest  an6 aos: coanc\Gy used. 

Before going on t r J  t h s  n e e  relatiocship,  ve should explain the m e a d  of mas- 
Siace the passage of gaxma 

For eXaI?lFlS, me-half of a beam of cesium 

The ne& added oae -3 me-thiixl +*-he3 xi11 stoF h a 3  of Td3.t is hfi, O r  

Thei'e i s  never a 2oznplete stop- 
Tke next addeS half value layer w i l l  stop half  9f 

It is  aecessar j  t c  

With a bean: 0.' zo3al t  60 ;-a!iiat:x, the half va lm laysr is one a d  

The 

Any 

The Effect of  Density on the Absotption of Radiacon 

To show ths  relatiGnship of $he $ez.s?Ty df material  t o  fts sC,o2Fing parer ,  we 
use  -She half valiie iayer  ztethcd ci m k ~ i i a - z k g .  
(fo: cc-sium energies) I;f va;.icus 32i~iir4 uatayials has Seen p;at',ei. 
r e l a t ive  thickness of variolls balldiw matezials x c e s s a r y  t.0 do the S a m  Job of stop- 
ying a r e l a t ive ly  high ezergy yadiattori, 
one-haH of the cesium gamma rays.  k s s  t h n  half cf i e ' i  of  =ani= w i l l  do the same 
Job. 
chsnge with various erergies,  the rde-t:72 pcrsitiom of these var5ozls rnaterizls Trill 
s t a y  e'tjoGt the  same. i s  the 
a?ly essen t i a l  differe-nce 3etveen the myi~as eei-th-typs ruaze=lz;s, sizce they a r e  a l l  
Eade up of about the same k i d s  of LOJ atomic amhr a t o l o o  

IC Figure 3, %he half .Talus 13.yer 
mis shars the 

It takes about 10 f,c 29 cm of wood t o  stop 

Though the exact, shaps and. slope of t h i s  h a c  value laye? density p lo t  w i l l  

De-nsity i s  cf g e e %  inportawe ia ::a%i&tlori shiei,",lw 

One of the  advantages of roa~3ie is iC,s comtant  ami r e l i ab le  dsnsi';y. Concrete 
is  not s h m  on the chart  i n  Figure 3, sirice the dmsi5y cf concrete depends ugm its 
formula, how it is mixed, pour&, t q e ~ ? ,  acii since s izable  holes i n  large pour-s are  
t o  be expected. In the  use of c o x r e t e ,  t r g i m e r s  hme always i m i s t e d  upor compres- 
s ion strength, whereas f o r  radiat ion shieldiag consta3t density i s  essent ia l .  
of soncrete, the graph shows sand and cement. 
t a m i t y  of 2.35 grams/centimete;.3, t h i s  commonly use2 147 Fourid cocczete has a rela-  
$ive s toppbg  power f o r  high energy p u m a  rays about 0.87 t i m e s  that of ma.r?)le. The 
density of marble i n  14 sarrrples fro= qu€i?z?ies r&ngiIlg f-om Missour i to  Pezmon-5 vere 
measured a t  2.69 grams/ce~t imeted with a var ia t ioa  of l a s s  than 1 pe- c m t .  There 
'xere P o w  exceptions. 
cf 2.53, o r  e per cent lower t& the aveysge. 
had a s l i g h t l y  higher dsnsi ty  of 2.8, of* 3 pel- -ut higher than the  average. 
ant samples of the same marble shaved, rsmarkabiy constant density. 

Instead 
When mixed, poured, and &ieC t o  a 

Xapoleol; Gray and Ozark TaTemeiie had a s l i g h t l y  1mer density 
Albarene Soapstone an6 Nesho)>e GX;Y 

Differ- 
It is apparent that  



w i t h  t h i s  constant density, once a requirad t h i c h e s s  is detzmized, there i s  no ceces- 
s i t y ,  as  there is  with comr$te,  t o  sdli a few inches f o r  safety.  

One of the reasons we use marble i n  the studies of radiat ion shielding, even 
f o r  studying concrete, i s  tha t  Re can be s u e  cf the density end a siinple multiplica- 
t i o n  fac tor  of 1.15 i s  a l l  t ha t  i s  required t o  convert thickness of marble t o  that of 
concrete. 

Measurements of Absorption of High Znergy Gamma Rays in Morble 

14 di f fe ren t  quarries f o r  the cesium 137 isotope gamma ray? of 0.661 Me7 energy. 
cobalt  60 and other exiergy figures are incomplete, 
marble a re  shown i n  Tabl- 2. The f i y s t  column shows the density. 
ferences a re  shown, the e r ro r  of  OUT masurernen? is  a t  l e a s t  a f e w  per cent,  
p rac t i ca l  y rposes ,  there is no d i f f e reme  i n  dexsity except that. Albarers stone is 
perhaps s l i gh t ly  nore dense than other marbles. 

We have completed the absorption studies oc ths  samples of marble submitted by 
The 

The data on 14- 2i f fe ren t  kinds of 
Although some d i f -  

For all 

The second c o l ~ ~  shcds the lineaT absoqt ion  soeff ic ient .  This i s  the ab- 
s o q t i o n  per uni t  t h i c h e s s  of na t e r i a l .  
t h a t  Blue &Ige i s  s l i g h t l y  lower and Albereze is sligh-tlg hLgher. 

The dilfarences are iasigrtif icant,  except 

The th i rd  column shovs the half-value layer or the thickness In centimeters 
t ha t  w i l l  reduce a narrow beam o f  cesium rzdiat ion to om-half i t s  o r ig ina l  value. 
About 3 1/3 cm i s  the half-value layer 2t  t h i s  high er-ergy. 
various marbles can be exaggerated by asing the fourth column, vhich shows +,he tenth- 
value layer .  A l i t t l e  ove;. 11 tm i s  the t h i c h e s s  necessary t o  e m  the cesium radiz- 
CJion t o  one-tenth i t s  or ig ina l  iaal.de. 
cent Setween our "large s e t "  EtavCi nasble and Napoleon Gray a=.e within the e r ror  of 
our  measuring device and are  ics igni f icaz t .  It b e s ,  ha-eve?, take a s l i g h t l y  great- 
e r  thickness of Blue Belge ar;d somevhat l e s s  Al'cerene stone to zccomplish the  sane 
rad ia t ion  shielding. On a prac t ica l  economic scale, even these differences are prob- 
ably of l i t t l e  significance.  

The differences between 

Such minor differences as that  of a f e w  j?er 

Tables 3 and 4 show a comparison of marble with other building and shielding 
Fo;. both the  c e s i m  137 gamma ray energy of 0.661 M3v and the  cobalt  60 materials.  

gamma ray energy o f  over a mill ion arid a quarter electron vol ts ,  may'ble stands i n  
about the same posit ion.  
view, but the Significance i n  the eccnom;. of shielding l'adiation i s  not b e d i a t e l y  
v i s ib l e  from these f a c t s  a l a e .  

The differancas a re  s ignif icant  frorr the physical so in t  of 

For example, i f  t i e  prcZlen i s  t o  bui ld  a shielding head f o r  t e l e t h r a F y  ma- 
chines,such as i s  shown i n  Figure 4, it is necessary t o  use an 18 cm radius sphere 
of lesd t o  give adequate protection. The tFeatment is  t o  be done i n  the beam a t  35 
ern from the source; heme, lead can be used. Tuagsten would take l e s s  space. Ollly 
a 13 cm radius of tungsten would be necessary, or only a 10 cm radius of gold. But 
there  is  no necessity f o r  such a s m a l l  diameter and, even though it would look pretty,  
a t  the  cost  per pound of tungsteo an6 gold, it would be economically wasteful t o  use 
such materials in a teletherapy machine. On the ?+.ker hand, it would take over 70 cm 
radius t o  give the same protection with mar3le. 
a t  35 cm, marble cannot be considered f o r  t h i s  use. 

Since the  treatment distance i s  t o  be 

Such a teletherapy machine n u t  be contained inside a t r e a t m n t  m c m ,  znd t h i s  
treatment room'nust have zdequate pratect icn i n  i t s  walls during the t i m e  that the 
beam is 011. i f  one 7ere  t o  This problem of wall protection is a d i f fe ren t  story: 
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build the shieldirig w a l l  cf so l id  lead, 8 few i.nches of thickness would  'Le r ewi red ,  
and t h i s  would be excs&in,a?g e-qensive, If ooe Piere USiLig S';Lch e c!eriCe fGF ar: ex- 
2erimenta.l i r rad ia t ion  of +,est zninels in 82 old b a n  03 E? V a C a i l t  lot ?There soncrete 
could be nixed from sand m d  g a s e l  imedia te iy  a t  haxi!, no finish 0;: cleznliness 
would be necessary. 
packed dirt, ,  would ?robably 5e the ncst economical iuethod of bcilding a shield.  

ASout 2C inches of cheap hone-made concrete, o r  a few f e e t  of 

Austerity, however, c2.n eas i ly  -3e carried t o o  f a r  wker? such a na.chine i s  t o  be 
used i n  the treatment of ps t ien ts .  
pearance is  essent ia l .  
e r  t o  construct, wculd reduce the s ize  of the r o o i  less, vould be cheaner t o  maintain 
and keep ciean than would any other material.. 
aould have an a t t r a c t i v e  qpearacce,  wkich c m  be Dae of the irupondereble advantages 
i n  dealing with s ick yeople. 
vantage and c a n  compete with other  shiaicifng snfi constractiorl Tz%erisLS, mt es a 
P;rrrury itera, but as an econonical m,~tbgd of giving rabintlon grotection. 

Zere, cleanliness az2 a cer-%i;i r n L c i m v n  o f  ap- 
It might, 3e tha t  mzr'cle with a polished f i n i s h  -,iould be cheap- 

By 20 meam of l e a s t  importance, it 

I n  sitliations such 8s t h i s ,  marble has. a dis'iiact ad- 

One :)articular type of coba l t  63 xaznine i s  cuzTcntlp roceivixg es*si;sivk in- 
It i s  tkL;e 1 ~ ~ s ' ;  ecs.nonicc?l af fht: j-sotope %elei;hera?y rcc.cilin3s E I I ~ ,  for- 

It. w i 5  l>l-O'bZbl3- %e a. '7ei-f TOP- 
vestigation. 
tymetely, is the one '&Et i s  iriaediately available. 
u l a r  nschino i n  the riezr ? i ~ - ~ y z s ~  
of -bu i l&hIg the pOtzCtfve vialls in .C,k 5 2  which the mcchine I s  -to 'Je 'noxsed. 
Or?e of the ad77nn-~qc?s of t,"*e nechixe is t h a t  it c - 2 ~  be pu-i inLo Y re la t i - ie ly  small 
room. 
0." difference between marble ar.6. e x i c r e t e  make it probable that m c b l e  could eas i ly  
3s the material  of' choice, 
t.ke thickness of marble necessary ' 0  skiel5 R hectocurie co'salt 6C mecb.ine, 
ul'ments weie mede by using G F ) - S ' ~ S  of marbiz boxes as shown in Fibme 5 "  

room, as shown i n  F i g u x  6 ,  A t  2oin';s ?-2, F-5, and F-8, full shieldlrig measuremnts 
were made t o  determine :iov mcli marble was necesseqr a t  mrious zngles from the beam. 
These measurements were y l o t t e a  on polar coordinate ?aper, axd fron the gTaphs shown 
i n  Figures '7-1, 7-2, and 7-3 it i s  possible t c  deternine the thickzess of marbla shield-  
ing 2ecessary in  various sized TOOPS. A comT1et.c chart  of room protection measuremects 
is g i ~ e n  i n  the Appendix t o  t h i s  paper. From such information, it should be possible 
t o  compute the costs of using nar3le, concrste, o r  lead. 
economically with concrate o r  leed, then marble remains a luxury Ltern the t  i s  En ode- 
qunte shield and a SeautiPu.2. wo.11. 
n i t e  place 2s 2 radiat ion shielc? jeyond Lts o t h e r  s rch i tcc tura i  adrrcntages e 

A bj.2 factor  in the cost of t h i s  aechirs IS the cost 

The s i z e  i s  c lose  t o  *dio.t 05 exi,sting Y - m y  therapj  room, a!ld t h e  few Inches 

For t h i s  rezson, a se r ies  of chaFus 3.22 been p repzed  for 
The neas- 

Sca t te r  m a s -  
* -  ~ a n e n t ~  were taken with t& -cera i n  varions posit ions ia an aAutra Large teletherapy 

If nnrble cannot con?ete 

If mzrble can compete e c o n o ~ c a l l y ,  i ~ ;  has a def i -  

The example of the  telethera2y treatmen2 moa i s  not the only m e  of marble. 

These 4x4s8-inch and hx8xO-inch br icks  

In 
Figare 8 is shown the use of Al3erene stone shielding bricks as  a temuor2z-S;. sh ie ld  
ground a chenicsl  radioisotope p rep ra t ion .  
Yere purchased because they did the sane job of protection as do our stardard 2x4~8- 
inch s t e e l  and lead shielding 'cricks. 
is less  dis",ortion of the c o n e r s  3ad edges than ve have f o m 6  in  our standard lead 
bricks. 
more eas i lv  than can lead- 
s t e e l  bricks, which would give abottt the  same radiat ion protection, showed that marble 
was one-sixth as expensive as  lead. miis is another es8mple or' -Em use of marble 3s a 
radiat ion shield,  which desenrls not on %he ancient recognition of  narble as a most 
beaut i ful  and luxu_rious stone, 'nut oil the cold hard sash -Jaitlc of m r b l e  as 8 Diece of 
e quipnent . 

The7 have been i n  use f o r  cbout two years. There 

They are used interchar4eablg vith lead j r i cks ,  and they can be decoctaminated 
The .nuchase oraer bids for 8 nunber of lead, marble, and 

During the past  50 yeazs, w 3 l e  kas beer1 per lo2ica l l r  suggested as a useful  
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radiat ion shield.  Years ago, vnen loti energy radiation ?ms the cnly kin6 availabie 
f o r  medical use, lead always kept its preferred pcsi t ion as the shielding n a t e r i a l  of 
choice. It used up l i t t l e  space and it vas ecoromical ir tha t  not much of it was  re- 
quired. With the rapid development of the use of higher energy radiation and the ne- 
cess i ty  f o r  thicker  shielding walls, the argument about the cost  cf the material  ver- 
sus the  effect ive use of space has become an impcrtant issue.  I f  a few inches of ex- 
tra thickness make no difference, marble is  economically superior t o  lead. If a few 
inches l e s s  space make a b ig  difference, marble mag be economically superior t o  con- 
crete .  There is  need f o r  a re-evaluaticn of the use of marble as an economical means 
of radiat ion protection. 

Table 1. Lead Equivalent of Marble and Concrete at Various Energies 

Marble 
d = Lead 11.3 I d = 2.69 

1K;;;;;ts 1 
75 

150 
200 
300 
400 

cs 137 
co 60 

Name of  Marble 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

7; 
67 
58 
25 
16 .? 

5.74 
4.05 

Concrete 
ci = 2.35 

80 
75 
65 
28 
18.5 
6.80 
4.66 

Table 2, Shielding Oata on 14 Different Kinds o f  Marble 

1 

Escafe tt e 
Blue Belge 
Ternain Domestic F leur i  
Alabama Veined A 
Alabama Grade A 
Etowah 
Imperial Denby 
Neshobe Gray 
Rutland 
Napoleon Gray 
Ozark Tavernelle 
Ozark Veined 
Large Set  Etowah 
Alberene Soapstone 

Density 
d c m 3  

2.70 
2.67 
2-69 
2.68 
2.69 
2.70 
2.69 
2.77 
2 .TO 
2.63 
2.63 

2.70 
2-80 

2.70 

1.u -1 cm 

.21 
19 

0 21 
.21 
.21 
* 21 
.21 
.21 
D 21 
.20 
.2:. 
.21 
.21 
23 

m 
cm 

3 -34 
3.63 
3 *32 
3 -35 
3 -33 
3 -32 
3.35 
3 034 
3 033 
3.42 
3 -37 
3 -33 
3 -31 
3 .oo 

TVL 
cm 

11.11 

11.04 
12.07 

11.13 
11.05 
11.03 
11 13 
11.10 
11.07 
11.38 
11.19 
11.06 
11.01 
9.96 

Quarry 

Gowan, New York 
Gowan, New York 
Tennessee 
Gantts, Alabama 
Gactts, Ahbema 
Georgia 
Vermont 
Vermont 
Vermont 
Carthage , 140. 
Carthage, Mo. 
Carthage, Pilo. 
Georgia 
Virginia 

. 
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Table 3. Comparison of Marble wi th  Othe? Building and-Shielding Materials 

0.21 

0.18 

0.18 
6.18 

for Gamma Rays from Cesium 137. (0,66l@i 

I _  

3 033 

3.81 

3 .g4 
3 085 

Material 

Tungsten 
Lead 
High Density Glass 
Brass 
Steel ,  Cold Rolled 
Alberece Soapstone 

Typical Marble 

Aluminum 
Barytes Stone Brick 
147 lb .  Concrete 
Berea Sandstone 
Cement, Portland 
Sand 
Water 
Wood, F i r  

16.50 
11 26 
6.94 
8.ko 
7076 
2 .Bo 

2.69 

2 *4 
2.29 
2.35, 
1.76 
2,12 
2.12 
1 .OO 
0 053 

- 

1.53 
1.20 
0.67 
0.60 
0.55 
0.23 

0.45 
0.58 
1.04 
1.16 
1.26 
3 .oo 

0 .i6 
0.16 
0.15 
0.08 
0.oh 

* 4.32 
' 4.35 

' )  4.38 
- 8.41 
-., 15 e 82 

TVL 
cm 

1.50 

3.44 
3.86 

9.96 

1.92 

4.18 

11.05 

12.65 
12.79 
13.10 
14.36 
14 46 
14.54 
27 *95 
52 4 55 

Table 4, comparison of Marble with Other Bui!dtng and Shielding Materials 

for Gamma Ray: 

Material 

Tungsten 
Lead 
Brass 
Steel ,  Cold Roiled 
High Density Glass 
Albereng SGap t o m  

Typical Marble 

Berea Sandstone 
Aluminum 
147 lb. Concrete 
Cement, Portland 
Barytes Stone Brick 
Sand 
Water 
Wood, Fir 

16. j o  
11.26 
e ,LO 
7.76 
6,g4 
2,m 

2-59 

1.76 
2.44 
2.35 
2,12 
2.29 
2.12 
1.00 
0 -53 

0.92 
0.64 
0.L3 
0.4Q 
0.37 
0 2 8  

0 2 6  

0 .I& 
0.13 

0.12 
0.12 
0.11 
0.06 
0~03 

0.13 

- 
HVL 

. cm 

0-75 
1-09 
~ 6 2  

1-86 
1075 

3 078 

4 -40 

4.85 
5 025 
5.41 
5 088 
5.92 
6.13 
1.0 .a3 
22.58 

TVL 
cm 

2.49 
3.61 
5.37 
5.82 
6.17 
12.55 

14.64 

16.11 
17.g 
17.98 

19 -67 
20.37 
35.98 
75.03 

19 053 
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Appendix 

ROOM PROTECTION CHART 
* $. 

co 60.- HECTOCURBE TELETHERAPY MACHINE -r54),uh 

THICKNESS OF MARBLE NECESSARY TO SHIELD A PQlNT 3 FEET, 
75 FEET, AND 12 FEET FROM THE SOURCE , 

Marsha-fi Brucer, K.D. 
Henry Copland 
James McGill 

Obiective 

To determine by di rec t  measurenent'the thickness of marble required t o  reduce 
t o  predetermined levels  the d i rec t  and sca t te red  radiation f r o m  a cobalt 60 hectocu- 
r i e  teletherapy mchine. 

Sowee of Radiation 

m e  prototype hectocurie teletherapy machine (Egurs &) -ms used as the 
source of radiat ion,  This mchine m e  loaded with a double cloverleaf so 'ace of 
about 452 curies of cobalt  60. A cal ibrated V'lctoreen rate meter with a 3 m luci te  
cap on the cbmber was placed one meter from the source on the cent ra l  axis of the 
useful bm. With the l a rges t  possible cone i n  place, the instrument was 366 rhm on 
November 1, 1953. 

The Teletherapy Room 

The mxhine was placed in tlie teletherapy room a t  the Medical Division of the 
Oak Ridge I n s t i t u t e  of  Nuclear Stuciies, 
Thd mom measures 
flooring allows f o r  the ruling of the room into 1et"ered and mnibered poin ts ,  whicn 
make 'J se r i e s  of  squares 18 inches cn center with an 8-fnch t o  9-Znch border around 
t& sides. 
sida of c lay  with the roof covered and. t'ne cor;trol r o a n  projecting from the bank, 

A plan of  this room is shown i n  Figure 6, 
f e e t  by 24 fee+,, k i t h  an 11-foot cei,l-Lng he2ght., The tile 

The en t i r e  room i s  s u r r u m d d  by an ear th  f i l l .  It i s  sunk i n t o  a h i l l -  

The source is a l a o s t  d i r ec t ly  over point F-IO. The Seam from the machine can 

For all of t he  measurements i n  t h i s  f igure,  the source and detector were 
pointed in any d i rec t ion  from point F-16 through &out  230' counter-clockwise t o  

.point 5-7. 
one meter off the floor. 
leading into the chamber a r e  o f  wood. 

T h e r e  were no sca t te r ing  cbjects i n  the room, The doors 

. '  
Marble Absorbers 

Since it was impracttcal  t o  build a complete wall of each < h i c h e s s  of marble, 
three se ts  of nesting boxes were used as broad beam absorption shields,  as s h a m  in 
Figure 5. Each marble box consisted of  f i ve  s ides  of uniform t h i c h e s s  aEd a cover 
with staggered j o i n t s .  The s ide opposite th3 cover in  each box rqas a s ingle  s l a b  of 
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marble wi+hoiiC, cracks acd was a k a p  poir. ted t c w s r d  +,he source of radiation. 

The smallest $ox i n  each sel; m : ~  a 2 jja-inch cz5e with a 1-cubic-inch cavity. 
fi-e la rges t  box was 82 l$-L-.ch cube with a 13 3/b-ciibic-inch cavity. 
nestJing boxes i n  each se5;. T'ne %hic!rness o f  the marble i n  one s e t  of ihe bmes was as 
f o l l o w s  0 

There were six 

Box No. 1 = 48.8 m - Largest tiox 
3ox No, 2 = 38.9 nim 
Bgx No. 3 38.1 m 
Box Nc. b = 32.1 mm 
Bcx NG. 5 = 31.;; mm 
Box No. 6 = 23.8 m i  - Smallest box 

One s e t  of boxes -.as frm. r i r b l e  quarr-',ed i n  Vemont, oze s e t  from mrb le  quar- 
r i e d  i n  dl,abama, and one s e t ,  from marble qusrrled -h Georgia.* The density of the narble 
- s e d  in a l l  these separate boxes was uniformly measured cn Garious samples a t  2.69 2 
0 3 02 grmS/cm3 e 

Rad iartan instxment s 

The Victorem r a t e  meter c a l i b a t e d  f o r  co'oai*; 60 energies with a 3 rmn l u c i t e  cap 
c ~ 2 . d  be inser ted into the smallcst  box, To ami-  a t  an attenuation coeff ic ient ,  mas- 
u r e n ; s n t s  -Ere taken k~ ths  smallest box f i r s t  and each sccceeding larger  bsx was added. 
Most 2f +&e scat tered radiatior, measurenents were a+, r a t e s  lower thsn the lowest scale 
cn the Vlctoreen r a t e  meter. 
inserted in to  the No. 4 box u l c !  s ~ ~ r o u r ~ d i n g  boxes added. For SORE of the open beam and. 
-mail arg le  s c a t t e r  measurements, whp,n the ?ate 'lay Setmen the s e n s i t i v i t i e s  of the  Vlc- 
,meen r a t e  neter and t h e  cutie p ie?  a zsbsi t  60 calibra%d GE l ong  probe cu t ie  pie was 

used. 

A+, these pssit ions a cobalt  60 calibrated cu t ie  pie m s  

Sach Eet 02 meas.rtremezzt,s wzs com$,e-:ed k a few hours. I n  a l l  s i tua t ions ,  the 
e r rors  inherent in the rceasurements were su f f i c i en t ly  large and the measurement suffi- 
ci.ently rough t h a t  it was fels -urnezessary t o  make c c r e c t i o n s  f o r  temperature and pres- 
sure. Repetit ions of the same procsdurs from mek to weekrandwith d i f f e ren t  measuring 
instruments gave e m c t  reading results wL5hi.n a 5 t o  10 per cent accuracy, except a t  
som2 of  the t-ery low rad ia t icn  1 w e I s  -&sre 2 5  par cent accuracy was considered suffi- 
cient, on any s ingle  maasvrement. 

The results o f ,  the m r b l e  atsorpt,ion measurenents a t  various angles of  the sca t t e r  
Smcoth curves were drawn from the attenuation data a re  s h m  i n  the accompanfing tables.  

a t  s ix  di f fe ren t  angles, and the cther angle readings were intrapolated. A t  the points 
with high rad ia t ion  leirels , it was occasiorally necessazz t o  extrapolate,  The measura- 
ments were taken w i t h  the beam po-hted a t  F-16, A-16, A-10, A-5, A-1, and in the d i r e c t  
beam.> &asmments  in the d i r ec t  beam were taken without a water '&antom b place since 
the NCRP requirements specify Qat such protection shall be calculated without a patie& . 

* 
lorhg quarries s 

Furnished through %he comfesy of the Marble I n s t i t a t e  of America by the f a l -  

Vermont ?IIarsle Canpang, Frmtor ,  Vermcrrt 
Slabam Wrble Conpany, Sylacawa, A l a b a m a  
Georgia Yarble Conpa~y, Tats, Gac~gia 
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i n  the beam. 
water phantom in place a t  a 50 cm SSD, 
cone, which measured I2 cm i n  diameter, a t  30 cm from the source. 

Measurements a t  a l l  angles of s ca t t e r  were taken w i t h  a 20 x 30 x 30 cm 
A l l  measurements were with the widest possible 

I n  Table lA is shown the measured m/br a t  points F-2, F-5, and F-8 which were 
a t  0.91 m t e r s  (3 f ee t ) ,  2.3 meters (7 1/2 f e e t ) ,  and 3.6 meters (12 f e e t )  f r o m  the 
source. These measurements have been corrected from the 366 r h  source ac tua l ly  used 
t o  read as though they were from a S O  rhm source, which is the  mxhm f o r  which the 
hec t ocurie  machine is designed. 

I n  Table ZA are, shown intrapolations from the measurements of the t h i c h e s s  of 
marble necessary t o  reduce the radiat ion t o  6.25 mr/hr .  This is the required shielding 
far a "beam-on" time of 48 hours Fer week with a person in the field 100 per cent of .L8 
hours e 

Tables 3 t o  7A show similar intrapolations f o r  various standard def ini t ions of 
both LO per cent and 100 per cent %earn-onn time and f o r  occupancy factors  of 1/L and 
1/16 . 

Figures 7-1, 7-2, and 7-3 show on polar coordinates the thickness of rmrble re- 
quired a t  a l l  positions around the teletherapy machine and are a graphic plot of the 
data shown i n  the tables. 
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Table 1A 

ingle from 
central 
axis of 

useful beam 

0-100 = 
iddes t cone 

without 
phantm 

dater with 
phantcan 
i n  place 

200 
300 
40' 
so0 
600 
70° 

80° 
90' 

l o O o  

ll00 
I2 00 
1300 

lLOO 
~ 5 0 0  
1600 

1700 
180° 

m r / k  a t  

Point F-8 
3 fee t  

110,1000 

Point F-2 
12 fee t  

40,700 

1,100 
LlO 
330 

270 
220 
190 

160 
1LO 
120 

105 
92 
81 

72 
63 
5s 

49 
li3 
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Table 2A To ble 3A 

.%le f'rm 
ce n t r  a 1  
axts of 

rseful beam 

0-100 = 
ddescU cone 

wi+;nout 
phantm 

Jater with 
phantom 
in place 

200 
30° 
400 
500 
60° 
70' 

80° 
90' 

looo 
l l o o  
1290 
130° 

a00 
150° 
160° 

170' 
180' 

Beam WOW' 
lo@ of 48 hr week 

Full occupancy factar  
Thickness of marble (centimeters) 

For reduction t o  6.25 mrhx 
Point F-8 
3 fee t  

7905 cn 

52 
42 
39 

37 
36 
34 

33 
32 
31 

30 
29 
28.5 

28 
27 .s 
27 

26 
25 

~ 

Point F-5 
74 f e e t  

66.9 cm 

Point F-2 
I2 f e e t  

60.7 cn 

42 
37 

32 
30 
28.5 

27 
25.5 
24 

22.5 

34- 5 

2 1  
20 

19  
L8 
16.5 

15.5 
1405 

Beam rONm 
40% of 48 h r  week 

N l  occupancy factor  
Thichess  of marble (centimeters) 

For reduction to  15.6 mr/hr 

Potn t  P-8 
3 fee t  

40 
33.5 
31 

29 
,27 
25 

23.5 
21.5 
20 

18 
17 
15 

1L 
I2 e 5  

10. 5 

9 
8 

Po in t  F-2 
12 f e e t  

34 
29 
27 

25 
23  
21.5 

20  
1 8  
1 7  

1 5  
14 
12.5 

11 
10 

8.5 

7 
6 



Table 4A tab le  5A 

Angle from 
cent ra l  
a d s  of 

useful bear 

water h i t h  
phantom 
i n  place 

200 
;co 
LOO 

800 
900 
190" 

17 00 
lBO* 

Beam nON" 
100% of 48 h r  week 
I/& occupancy factor  

Thickness of marble (centineters) 
For reduceon t o  25 mr/h;: 

Point F-8 
3 f ee t  

7 0 8  Cm 

43 
.31r 
29.5 

27 
25 
23 

21 
20 
1805 

16 
ll.5 
13 
I2 
10.5 

9 
8 

17.0 

Point f -5 
75  f'0,Y.t 

58,3 cm 

I 

Point F-2 
12 feet  

5201 cm 

2 1  
19 
17 

15.5 
Jlr 
13 

I2 
10.5 
9 -  

8 
7 
6 

5 
4 

Beam "ON" 
100% of L8 h r  week 
1/16 occupancy factar 

Tlzickcess of marble (csntimeters) 
For reduction t o  1CO m/hr 

Point F-8 
3 f e e t  

62.2 cm 

35 
26 
22 

19 
17 
15 

13' 
52 
10.5 

9 
8 
6.5 

5.5 
4.5 
3.5 

1,s 
1.0 

Poin t  F-5 
7+ f e e t  

49.6 cm 

30 
21 - 
18 

16 
1305 
12 

10.35 
9 
8 

3.5 
2.5 
1.5 

1.0 
1.0 

Point F-2 
I2 f e e t  

43.4 cm 

22.5 
15 
'2 

10 
8 
6 

5 
3 
2 

1 
I -I 
-1 

-1 
' -1 
-1 

-1 
-1 

I 1 3 6 5 1 5  
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Tabie 6A 

% 

Table 7 A  

Angle from 
cen t r a l  
aX3.s of 

useful  beam 

water lwith 
phantom 

i n  place 

200 
3ao 
40" 

500 
600 
700 

80° 
900 
lc00 

U C Q  
2230 
1300 I 

Beam nm" 
40% of 48 h r  week 
1/4 occupancy fac tar 

Thichess  of marble (cmtimeters) 
For reduction t o  62.5 m/hr 

P o f i t  F-8 
3 f e e t  

38 
29 
2 5  

22 
20 
18 

17 
1s 
13 

I2 
10.5 

9.5 

8 
7 
6 

4,s 
4 

Point F-5 
f e e t  

P o i n t  F-2 
12 f e e t  

4L.99 cn 

~ ~~ 

2 5  
20 
1 7  

'It 
32 
10 

8 
7 
6 

L 
3*5 

3 
105 
1 

. -1 
-1 

r: 
/ 

Beam nON" 
40% of 48 h r  week 

1/16 occupzncy fac tor  
Thickness of marble (centimeters) 

For reduction t o  250 m/hr 

Poizlt F-8 
3 f e e t  

43.9 cm 

22 
16 
12 a 5  

10 
8 
6 

b.5 
3 
2 

10 .5  
1 
-1 

-1 
-1 
-1 

-1 
-1 

P o h t  F-2 
l2 f ee t  

37*7 cm 

~~~~ ~~ 

15 
9 
6 

4.5 
3 
2 

1- 5 
1 
-1 

-1 
-1 
-1 

-1 
-1 
-1 

-1 
-1 
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A r TENUATION COEFFICISN TS PER ELECTRON 
FOR EACH ELEkLENr 

A T  THREE ISOTOPE ENERGISS 
(PRELIMINARY D A T A )  

\dITH THE PROPORTION OF ELECTRONS IN THE BODY 

L ~ N T I I 8 U T E D  BY THE COMMON flSSU.5 C O N S T l N i N l S  

* 

.,... . ... .. 

-1 . '  . *. 

I. .. . . .  . .. 

""E 

t 1 I 

SJ 611 
I I 

40 70 80 90 16 20 30 
ATOPIC NUMBER- Z 

Figure 2. Plot of the relative ability of  each of  the elements to 
stop three different energies of  gamma rays. 
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DOUBLE CLOVERLEAF 
C 0 6 0  SOURCE 
AND CAPSULE 

TYPICAL 
RECTANGULAR CONE 

Figure 4. Hectucurie Co 60 teletherapy unit (up tu 10r per minute a t  1 meter). 

Figure 5. Nests o f  marble boxes for absorption swdy. 
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f i lEASi rREMEb’T  OF 

5c A T 7  E L  E n 
kkD~Ai-i.Jd 
I ?  FEb I q 3 q  

Figure 6. Arrangement o f  the hectocurie Co 60 machine in a well  shielded telethempy room. 
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1. 
ROOM PROTECTlON 

COBALT 60 - HECTOCURIE MACHINE - 540 rhm 

Thickness of Marble Necessary to Shield a Paint 

3 Feet, 7% Feet, and 1 2  Feet  From Source 
With a Ful l  Occupancy Factor 

Extrapolated from Direct Measurements of a 366 rhm Source 

Water Phantom at 50 cm SSD for all Angle Measurements 

No Phantom in Place for Useful Beam h',eosurement 

Largest Possible Cone (10'); Marble Density i s  2.69 g /cm3 

Figure 7-1. The thickness of marble necessary to shield a hecbcurie 
Co 60 source with the beam "ON." 
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2. 
ROOM PROTECTION 

COBALT 60 - HECTOCURIE MACHINE - 540 rhm 

Thickness of Marble Necessor). to Shield a Point 

3 Feet, 7% F e e t .  and It F e e t  From Source 

At 1/4 and 1/16 Occupancy Factors 
With Beam “On” 100% o f  48 Hour Week 

Figure 7-2. The  thickness o f  marble necessary to shield a hec*curie 
Co 60 source w i t h  the beam “ON.” 
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3. 
ROOM PROTECTION 

COBALT 60 - HECTOCURIE MACHINE - 540 rhm 

Thickness of Marble Necessary to Shield a Point 

3 Feet, 7% Feet, and 12 Feet  F r a n  Source 

A t  1 /4  and 1/16 Occupancy Factors 

With Beam “On” 40% o f  48 Hour Week 

F igul t  73 .  The thickness o f  marble necessary to shield a hecbcurie 
Co 60 source with the beam “ON.” 
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Herbert D o  Kerman, M O D o  * 

Ir, preliminary r epor t s  19293,h,S2 the e s s e n t i a l  f ea tu re s  of construction snd oper- 
a t i o n  o f  a cobal t  60 te le therapy un i t  were dezcribecl. 
and describe fu r the r  experiences i n  i t s  design acd construction, 
pleted,  i s  i n  c l i n i c a l  operation a t  the MOD. Anderson Hospital, Houston, Texas. 
d i t i o n a l  repor t s  covering spec i f i c  topics  are l i s t e d  i n  the reference sec t ion  of t h i s  
paper 69798~9,10921$L2, 

This f i n a l  repor t  w i l l  amplify 
The u n i t ,  now com- 

Ad- 

Stray ood Scawcced Ruditx?ion 

The an i t  loaded with a 200 c w i e  sowce was szrbjected t o  prelimifiai-y s t r a y  radia- 
t i o n  surveys With i o r i z a t i o n  chamber surTrey instruments . These measurements indicat-  
ed an a s y m e t r i c a l  pa t t e rn  or" transmitted rad ia t ion  about the head as 6emonstrated i n  
the isodose contour model i n  Figure 1, 
the measurement was approximately 50 Iir/hr, The d i i p t i c a l  shape of r a d i a t i o n  corre-' 
sponded i d e n t i c a l l y  w i t h  t h e  pa t t e rn  of the cobalt  source and container within the 
shielding head, and the  contour suggested t h a t  the  pa t te rn  of t ransmit ted r ad ia t ion  
was due, i n  p a r t ,  50 removal of small segments of t-mgsten a l loy  from the c e n t r a l  m- 
t a t i n g  d i sk  f o r  the in se r t ion  of t he  source c m t a i n e r .  
along metal su i iaces  
c t ed  t o  t h i s  pa t t e rn ,  

A t  the point  of maximal transmitted rad ia t ion ,  

The f a c t o r s  of s ca t t e r ing  , 

and of rnultipl-e an3 right, ang?-e sca t te r ing  , undoubtedly contrib- 

To co r rec t  this asymmetrical pa t te rn ,  the so i rce  container was redesigned so t h a t  
the s o f t  s t ee l  e a r s  of the source container box were replaced with +,he higher dens i ty  
material, tantalum, which e f f ec t ive ly  reduced t h e  asymmetry of the t ransmi t t sd  rad ia-  
t i o n  ., 

Measurements made a f t e r  the 'ohding of the unit with a 950 cur ie  source indicated 
a maximmi transmitted r ad ia t ion  a t  t h e  surface. of t,he mit with the source i n  the "off" 
pos i t ion  of approximately 173 mr/hro A t  1 meter f rom &E: source t h i s  was reduced t o  
4 l K f / h r o  

If a maximal pei-missible e,rposare l e v e l  is required a t  the surface of Lhe d t ,  
the addi t ion of  lead b l i s t e r s  ('Figurss 2 a d  j ) ,  each ue igxng  120 pounds and masur-  
ing 2 1/8 inches a t  the canter  of c1x72t'are9 will r edwe  this transmitted r ad ia t ion  
a t  the surface o f  the unit t o  
Salsncing was required,  and the sane f l e x i b i l i t y  ucis maintained. 
source the  r ad ia t ion  neasured 0,2 mr/hr. 

- 

nr/hr ,  '&th the b l i s t . e rs  i n  place,  only minor re- 
A t  1 ineter f r o m  the  

Subcommittee No, 9 of the National Eareau of Standards has recommended t h a t  W i t h  
encapsulated sources the 10 m/hr isodose l i n e  exposure be a t  1 meter from t h e  source, 

* 
Herbert 
Martin, 
.H 

i i  

This r epor t  summarizes w r k  dote a u r i q  195G-1753 by the p r inc ipa l  inves t iga tors :  
Do Kernan, MOD., Gaspe;. E ,  Xichardsop, Ph.C., Marshall Bmcer, MOD,, ' X i l l i a m  C, 
W i l l i a n  Bo Buher, Games a, +ilde9 tia,~y 2 ,  Kimble, Nathaniel do H i l l ,  
Present address : Urxi-qer s i t y  of Louisv i l le  Schoo i  of M-edicine , 
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and s ince this -uni t  meets this requirement without the b l i s t e r s ,  they have been re- 
moved. A t  no point around the un i t  w i t h  the source i n  the "off" pos i t ion  i s  the  ma^- 
mal permissible exposure exceeded a t  1 meter (Figure 4 ) 0  

Personnel protect ion meters and radiat ion f i l m  badges of personnel working with the 
u n i t  have revealed l e s s  than 10 m/wke These persons have been i n  r e l a t i v e l y  the same 
areas a s  w i l l  be personnel using the machine f o r  treatment purposes. 

Uith the beam di rec ted  a t  the cont ro l  room and with the  use of the widest possible 
f i e l d s  (a condition t h a t  would never obtain during routine use) , measurements were 4.4 
r /hr  behind the concrete b a r r i e r  i n  the treatment room, 3 .5  r /h r  i n  the  cont ro l  room 
d i r e c t l y  opposite the c e n t r a l  ax is  of the beam, and 2 .5  r /hr  behind the  zinc bromide 
viewing ports .  

ahen the u n i t  was i n  the usual  posi t ion f o r  therapy, with t h e  widest possible  beam 
1.5 meters from the  f l o o r ,  less than 16 m r / h r  was recorded behind the concrete bar-' 

r i e r  i n  the treatment room, and less than 1 mr/hr,was recorded i n  the cont ro l  roomo 

Scat tered rad ia t ion  from a u n i t  densi ty  phantom with widest possible  f i e l d  a t  1 
meter from cen t r a l  ax i s  of beam was Tecorded a s  0,006 per cent of u se fu l  i n t e n s i t y  of 
the c e n t r a l  axis  beam, 

Leakage Tests J 

The u n i t  was subjected t o  a -reloading procedure which afforded an exce l len t  oppor- 
tuni ty  t o  t e s t  f o r  possible  leakage of the radioact ive source from the spec ia l ly  de- 
signed source container.  Smear tests made from the source container and treatment 
head showed no evidence of radioact ive contamination, which t e s t i f i e d  t o  the  e f f icencg  
o f  seal ing and the  i n t e g r i t y  of the  source container,  

Measurement of the Gamma Ray Beam :n AEB 

Measurements of the gamma ray  beam i n  a i r  were made a t  50 cm SSD (source t o  skin 
d is tance)  with a beam of approximately 20 x 20 cm a t  the point of measurement, The 
measurements were made with ca l ibra ted  Victoreen condenser chambers and a Victoreen 
rate meter. 
was determined, 

a i t h  temperature and pressure correct ions,  a dose r a t e  of 76.6 r/min 

Deie:.manat:on of Effeciive Cuccage 

Using the re la t ionship  of lje5 rjhr f o r  1 mc of cobal t  60 a t  1 cm, the e f f ec t ive  
curie  value was 851 a t  the t i m e  of measurement. Correcting f o r  decay of the source 
since removal from the reac tor ,  a value of 868 cur ies  with an e f f e c t i v e  s p e c i f i c  
a c t i v i t y  of 24.4 curies/gram was establ ished,  

The calculatedlexpected. ac t iv i t j ' o f  I the .source wad '  sa id  t o  be: 125C, curies,'!, I f 1  the 
l o s s  because of self-absorption i s  considered t o  te approximately 20 per cent ,  the  
e f f ec t ive  cur ie  value of the source should have been appmximately 1000 cur ies .  

The apparent discrepancy i n  the calculated value and these measurements was 13.2 
per cent.  
a l l  uncommon. The experiences of Johns 
Rosenzweig 15,and Levin and Hughes l6 a l l  repor t  lower measurements than those 
expected based on the p i l e  ac t iva t ion  formula. 

This discrepancy of calculated values and i n , a c t u a l  measurements i s  not  a t  
in$ Herewether l L p  'And.t,ha.fnvesti.g&ions of 

It would seem t h a t  the expected 
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s p e c i f i c  a c t i v i t y  based -+on :aic-dlatlo% and the a c t a a l  a c t i v i t y  obtained under present 
reactofi operating conditlo;.-s are c o t  coincidental  whes large a c t i v i t i e s  a s  inmlved .  
Par5 of t k L s  i s  because of t he  f 2 c t  that .  reac+,or measurerr,en%s 31-e taken ard a r e  c a l i b r a t -  
ed w i t h  a broad beam geome+,sy, whersas the  te le therapy mchine usss a aarmw beam 
geometry, A correc t ion  f a c t o r  f o r  :he r e l a t i v e l y  a a r r o w  beam seometry i n d i c a t e s  t h a t  

Other possible  f a c t o r s  respors ib ls  f o r  t h i s  discrepancy are :  

1, Inaccuracy of cross  sec t ion  values f o r  p i l e  neutronso 
2. 

3 ,  

Iaaccuracy of values f o r  a f fec t ive  neutron f lux i n  the  immediate a rea  
t a r g e t  mater ia l ,  
Uncertainty of correct ions fo-  s e x - s h i e l d i n g  of the t a r g e t  mater ia l ,  
of optimum thickness  f o r  s f  f i c i e n t  rad ia t ion ,  

of the 

and values 

Lo 
2 o  

Custing of the s c u x e  and Lcss of activity and handling. 
Complications of %,le s c a t t e r i n g  plnenoiaena i n  masurernsnts of high i n t e n s i t y  
sources 

r' 

Flsbai Design of Treatment Cones 

High energy gamma -zays, collimated and defined by a master coll imating and treatment 
conep produce secondaqy forward sca t te rsd  e lec t rons  by the i n t e r a c t i o n  of theze gamma 
rays with the high "2" mater ia l  of the cones, 
ionizing aod have been shown t o  increase the s k i n  dose when t h e  coll imating system i s  
c lose  ( less  tikin 30 cn) t o  the skin s n d a c e ,  
age r a d i a t i o n  i s  the r e d ' x t i o n  of skin -d3snage, every e f f o r t  should be made t o  preserve 
this advantsge . 

'TheEe secondary e lec t rons  a r e  highly 

Since one of the aclTrantages of s u p e m l t -  

A treatment c m e  used close Lo the skin ( l e s s  5han 30 can) should c o t  ocly serve i t s  
purpose of def ining ths Seam, t u t  shoc:ld alsc be constructed t o  reduce, 50 a i~hi rnum,  
the emission of forward s c a t t e r e d  e lec t rons  from the  cone, 

The treatment cones of t h e  ccbalf, u z i t  a r e  ' n o t  used ts; lndica%e. the s i z e  or' the beam, 
but are the absorbing mater ia l s  t h & t  def ine the s i z e  o f  the beam, 
primary source of these s c a t t e r e d  elec%ronsd 

This m a t e r i a l  i s  the 

Past  designs f o r  supervoltage u n i t s  rake ase of diaphragming systems a t  some dis tance 
above t h e  s k i n  of  t h e  p a t i e n t  and k t i l i z e  the a i r  gap t o  d i s s i p a t e  the eLectrons. 
ne*L-h-OdB however, x u a l l y  p e r n i t s  Large penumbra e f f e c t s  
I n  a d d i t i m ,  uhea la rge  SS5 aTe used9 extremely ic tense  radioact ive sourcss are  neces- 
sary, 
2ore necessary. 
t rea tnent  cones can FA designed t o  reduce penumbra e f f e c t s ,  b9J.t these  a re  usua l ly  some- 
what complicated, expensi-e and @-mbersome . 

T h i s  
which a r e  a l so  lmdesirable , 

Isotopes t h a t  have teen m d e  ia very high s p e c i f i c  acti*ty s m r c e s  a re  the ie -  
Combinations o f  diaphragming systems and secondary R-iimbreUa typePF 

The OBINS - M. De Anderson unit was o r i g i n a l l y  designed ~ - t h  the i n t e n t i o n  of using 
c lose  SSD, and with the 
matertals t h a t  would def ine the beam. 
would minimize t h e  secondary e lec t ron  centamination of the  gamma bean. 

master coll imating cone and treatment copes a s  the  absorbing 
It was t h e n  necessary t o  . f ind a method that 

A possible  s o l u t i o n  t o  this probkm was s q g e s t e d  by the work of severa l  i n v e s t i -  
g a t o r s  l7 i n  which the  forward sca t te red  e l e c t r o n  emission from radium and c o b a l t  l8 
was found to be reduced 
as brass,  Accordingly, 
might ?x appl ied t o  the 

when ecreeasd Sy mteriz2.s of intermediate atomic rrmber, such 
experimr; ts  Mere UdertakeL t o  determine whether this f i n d i n g  
design of treatincgt. c s m s  f 3 r  t h e  cobal t  i r r a d i a t o r ,  



Frelimirlary measurements were Fade wl th  untapered cones (Figure 5 )  having apertures 
of 2 cm, 5 cm, and 1 0  cm diameA&rs. 
irnportance of the inner lining material ,  and several d i f fe ren t  7ateiial.s were used as  
caps over the opening of the ccnesa 

Brass and l w i t e  sleeves weie mde t o  s tuw t h e  

The electrons were observed 'chroug!! Lbeir e f fec t  OK electron bdld-up curves. The 
in s t rmen t s  used f o r  these measurements consisted of (1) a shallow i o n b a t i o n  chamber, 
ac t ive  volume 1 mm deep by 2 cm diameter (Ii'igwe 6); (2) a masonite phantom of infi- 
n i t e  thickness (Figure 7);  and (3) l u c i t e  and polystyrene f o i l s  of dif ferent  t h i c h e s s -  
es t o  supply unit-density material  simulating the skin of  a patient (Figure 8). %e 
i o n h a t i m  chamber was modified fro% the design of  Miller 19, and Trump and Cloud 200  
The vacuum tube electrometer c i r c u i t  t o  measure current produced i n  i t s  chamber, d s  
a modification of a c i r c u i t  developed by To E. BmcYner of ,the Oak Ridge National Labo- 
ratory. This c i r c u i t  is a nu l l  indication bridgz using a potentiometer for the bal- 
ance and a galvanometer fo r  $he indicator,  
that the ionizat ion chambr could eas i ly  be moved from the center t o  the edge of, the 
f i e ld .  

The msoni te  phantom was z o n s b c t e d  SO 

%e e f fec t  of the Lmer lining of the cone can 'se seen f rom Curres A,  B, and C of 
Figme 96 The absorber thiclmess 1 s  given i? milbimters  of  polystyrene. The l u c i t e  
absorbers, density of 1.18 gm/cm3, have been converted h t o  equivalent thickness of 
F o l p t p e n e ,  denstty 1-03 g1n/cm3~ A s  was 
antlcipated,  a material of intermediate a t m i c  Iiunber proved t o  be 'nest (Curve C ) .  

The curves have Seen normalized a t  6 mm. 

To fur ther  minimize the electron ernissior,, 7 a r i o ~  xa ter ia l s  were used . to  Cap the 
The materials used, aLi of q a i v a l e n t  thicknesses, f o r  stopping opening of the cone. 

1 Ner electrons were luciAue, pyrex, and brass. 

Brass again proved t o  ?E ths  best mater ia l  (Curve D of Figure 9 ) .  
brass cap at%enuated the beam by only 1 per cent, 
the at tenuat ion withgut a l%ering the bilild-ix$ cwre.  

A 0,010-inch 
Greater thickness only increaser? 

l3uLld-up curves taken a t  grea+&r distances show tha t  the electrons become a 
serious problem o n l y  f o r  distances within 10 cm f7om the  sk in  surfaces. 
f i e l d  s izes ,  greater e f fec ts  were demonstrated. 

With la rger  

The biological ef 'fect as demonstyated by erythem stiildies on the skin of rabbi ts  
corrobcratsd the physical measuremazts . 

The use of brass i.nm7 l inings aiid 8 brass cap o-rer 5he coEe ef fec t ive ly  reduced 
the e l e c k o n  contamination of the beam, 'art it was thought desirable t o  r e t a i n  +he 
clsefulness of the l i g h t  l oca l i ze r  if possible. This was xconpl ished by construc- 
t i o n  of a composite brass and h c i t e  c s p  s o  that the mrg5n of the l i g h t  beam could 
be projected through the cap (F-igme 10) . 
and O,OC~-icch brass, the brass on the outer face. 
0.010-inch of brass, necessary f o r  stopping 1 MeV electrons, 
openirg of t he  cone except f o r  a narrow (1 mm) slit around its edge. Although this 
arrazgement w i l l  show more improvement a t  the  center of the f i e l d  than a t  the edge, 
it is allowable since pre-zious measurernents with no cover shoved a b e t t e r  build-up 
c m e  a t  the  edge than a t  the center,, The l i g h t  local izer  is  adjusted so that the 
outer edge of the l i g h t  b e a m  cokc ides  with the outer.edge of the source penumbra, 
and a dark l i ne  showing the edge of the s l i t  coinci-des with the 3eam from the 
source. 

The base ins mde cf 1/16-inch l u c i t e  
This is equivalent t o  abcnit 

The brass covers the 

In  th i s  arrangenent, the Apenunbra of the X-ray beam and. of the l i g h t  source a re  
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T k  x i o a d i r i g  proceduze was c a r r i e d  o n t  a t  t h e  Oak Ridge a a t i o n a i  hbo;.atofy, and 
i n  t h i s  i n s t a n c e  the  loading procedure was changed cons iderably  so t h a t  a "hot c e l l a  
and remQte-controi  s l a v e  rdanipulators werg used t o  accomplish t h e  h a d i n g  p r o c e d u e  
x i t h o u t  r e s o r t i n g  t o  tke rise cf water as a s h i e l d h g  medium. 

A; pra::+,izs l o a d l q  proted-are was rehearsed  and t h e  d e t a i l s  were developed t o  sat- 
i s f a 3 t i o n .  
a-umiiim- i r r a d l a t i o c  :anso 
riq-Jes d haxill ing i n t e n s e  s o - r c e s  of r a d i a t i o r ,  
s a r z e r  a - d  tha  ssrrier xas t r a n s l e r r e d  t o  t he  ho t  c e l l o  

Ths sourc,e was urloaded f i ~ m  t he  t r a m f e r  zon ta ine r  and removed from the 
This  prgcedure was done xcie-;. water, by t k e  u s u a l  tech-  

The soilrce was t!'lEx @arced i n  a 

The c25aL'G wafers xere remved f ; ~ m  the  sar-rier within t h r  h o t  cell by use of t h e  
The source 31ave mar,ip-liafoi_- 2nd t r a i l s l e r x d  fo t h e  newPjr-dsirised s m x e  c o n t a i n e r  

c g n t a l n e r  xas s e a l e d  i n  t h e  manfier developed by t h e  pl-evlous badir \ .g ,  ar,d t h e  o u t s i d e  
o f  t h e  so'arce .>ofi<ainer was decontaainated by a ser ' ies  of washings and s c n b b i r q s ,  
211 by '138 of  t h e  slaye manipulator .  
wafers had bee2 loaded  and s e a l e d ,  was t hen  f ransfe- red  t o  an i f i t s m e d i a r y  s t o r a g e  
csll 22d t he  unloaded c a r r i s r  K a s  removed f r o n  t h e  ho t  . c e l l .  
-i,econ+,aminsted and t h e  t;;.sa+,msnt head was p laced  i n t o  tAe h o t  c e l l .  
c o n t a l n s r  c o n t a r r i n g  t h e  Zobal5 wafers was %he,n- rn t r a n s f e r r e d  aga in  t o  the h o t  c e l l  
and l s a d e d  d i r e c t l y  h t o  t h e  .:ohalt hezd.  his t r a n s f e r  was a-ccmplished by means 
of Lhe sZave mar?LpuLators 2nd remote cant-ol nandl ing sz rew c r1ve r ,  3-e ' ~ o t a t l n g  
dL3x 1 ~ 2 s  %h5n twined 'sy m9.s or* t ho  f l e x i c l e  z l h f t  t o  tks "o l f "  posi t ior? ,9  ei?d t h e  I 

i o a d i c g  p r o c e d u x  was complete e 

The szurce  c o n t a i n e r ,  i r ; t o  which t h e  c o b a l t  

The h o t  c e l l  was then  
The source  

Snears  Sakec of t h e  o u t s i d e  of t h e  t r e a t n e n t  head r evea led  miniical contaminat ion,  
m d  the head was the_? scrubbed down and decon tz? ina ted  u r ~ t i l  background r a d i a t i o n  
vas obsert-sd. 
< o n l y .  
prscPdilre was 65 

The ell t ire procedure,  iisinq t h e  ho t  c e l l  was accomplished s a t i s f a c -  
'Pie h i g h e s t  Taciiation any of the personnel  receiTE2 du-ing ';he e n t i r e  

Dep-h Dose Pee 

Depth dose d a t a  ob ta ined  i n  a watsr phacton! wi th  i d e c t . i c a l  i n s t r u m e n t a t i o n  as 
%at, used by t h e  Saskatchewan g ~ o u p  E* r evea led  i sodose  c u r t e s  f o r  v a r i o u s  f i e l d  
s izes  and SSD so ?x a lmost  i d e n t i c a l  kn those  publ i shed  by this yioup. 
c7x-s also c l o s e l y  p a r a i l e l  t h e  m e a s w a m a t s  obta ined  by Dixon 
Co 63 t e l e t h e r a p y  uft. The siltiys s e t  or̂  i sodose  curves is publ i shed  as an ap- 
pendix t o  the  OBIKS QurteF.2-y Report f o r  t h e  per iod  ending September 3a9 1953 '. 

These 
oa t h e  Eldorado 
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Summary and Conclusions 

Telecobalt therapy un i t s  containing mclticurie sources of severa l  d i f f e r e n t  designs 
have been constructed,  loaded, and a re  now i n  c l i n i c a l  operation, 
used appear t o  be eminently sa t i s f ac to ry  with minor advantages and disadvantages i n -  
herent i n  each. 
t o  personnel. 
voltage range i s  ce r t a in ly  d e f i n i t e l y  established. 
s t r a t e s  the f l e f i b i l i t y  of design possible ,  so t h a t  both conventional s ingle  source 
design and u n i t s  capable of ”moving f i e l d  therapy” a re  qui te  possible 

Several  designs 

A11 u n i t s  were loaded d i f f e ren t ly  without d i f f i c u l t y  o r  undue hazard 
The use of radiocobal t  as  a source f o r  the te le therapy u n i t  i n  the super- 

The use of an isotope a l so  demon- 

Radiocobalt te le therapy units should prove to be excel lent ,  f l e x i b l e ,  and p r a c t i c a l  
sources of beam therapy devices i n  the  supervoltage range and compare qui te  favorably 
with X-ray generators i n  the same range. 

Experiences i n  the  design and construction of a malticurie cobal t  te le therapy u n i t  
It should be exphasized t h a t  t h i s  design i s  ce r t a in ly  n o t  Eixed have been descrfbed, 

and t h a t  fu r the r  changes undoubtedly w i l l  be made as  iildicated by fu tu re  c l i n i c a l  
experience with the unit. 
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Figure 1. isodose contour model. 

Figure 2. Lead blisters to reduce transmitted radiation. 
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Figure 3. Lead blisters to reduce transmitted radiation. 

1 METER FROM SOURCE 
/- 

rnr/hp ISODOSE 
LINE 

TOP VIEW OF COBALT UNIT 

Figure 4. Isodose l ine  for maximum permissible dase 
around cobalt unit through level of  
maximum rzdiation leakage (900 curie 
source in OFF” position). 
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Figure 5. Untapered experimental cones. 

P L A T E  COUNTER 

Figure 6. Shallow ionization chamber. 
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Figure 7. Masonite phantom. 

Figure 8. Phantom in use showing lucitc and polystymnc foils. 
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Figure 10. Photograph o f  lucite and brass cap. 

Figure 1 1 .  Light beam pnjected thnugh cap. 
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Supplement to  Qxrterly Progress Report, January 1, March 31, 1954, 
The Medical Division, oak Ridge Ins t i t u t e  o f  Nuclear Studies. 

This supplement to  the Quarterly Progress %port serves two 
purposes. 
published i n  the last  h r t e r l y  Progress Report. 
the minutes o f  the Third Industrial Conference on Taletherapy. 
a portion of the material  presented to  the Third Industr ia l  Conference 
i s  published i n  the regular Quarterljj Progress Report, we can see no 
reason f o r  republishing this i n  the minutes of the conference. 
combined material  from the Guarterly Progress Report of Ymrch 1954 and 
these minutes const i tute  the proceedings of the Third Industr ia l  Con- 
ference on Teletherapy. 

It supplements material  t ha t  was prepared and has been 
It a lso  const i tutes  

Sinca 

The 



STATEMEWT OF POSITION OF THE UNITED STATES ATOMIC ENERGY 
COMMISSION, WITH RESPET TO THE INDUSTRIAL CONFERENCES ON TaET€3.EXWY 

C h a i r m a n  Mason 

It has been cal led t o  the  at tent ion of the Chairman that, i n  the past, 
anti-trust questions have a r i sen  i n  connection with the a c t i v i t i e s  of so-called 
"Tizdustry Advisory Committee!' t o  Government agencies. It i s  not the posit ion of 
the B E  t h a t  this group is a n  "Industry Advisory Committee". 
ts-.*istically, an informal conference f o r  the purpose of considering o r  obtaining 
advice o r  information on specialized technical problems, and f o r  preliminary 
discussions, r e l a t ive  t o  the  d is t r ibu t ion  and use of cobalt 60 f o r  teletherapy. 

It is, more charac- 

To the end that no such questions are raised i n  connection with this 
conference, the following ru les  a re  being observed: 

1. 

2. 
3. 

4. 

All sessions shall be undzr the  chairmanship of a full-time employee 
of the AEC. 
Corcplete minutes of the  conference shall be kept. 
All sessions shall be open t o  the public, and information discussed 
at the conference may be made public. 
The group shall act i n  an advisory capacity only, and ~ 1 1  deternine- 
t ions  as t o  actions o r  decisions comerning the functions of the i'LEc 
w i l l  be mde by the proper o f f i c i e l s  of the AE. 



See Quarterly F'rogress Report - Teletherapy Design Problems 111, January 
1 - March 31, 1954, f o r  the fol lowing t w o  papers presented at this meeting by 
D r .  Marshall Brucer, Chairman, Medical Division, Oak Ridge Institute of Kuclear 
Studies : 

1. Cobalt 60: Cost, Curiage, and rhm Gutput. 

2. Review of Final Requirements for Teletheyapy Frotection (check l i s t ) .  



COST OF RADIATION I N  HCSPITLLS 

S. W. Donaldson, M.D. 
St. Joseph Mercy Hospital 

Ann Arbor, Michigan 

The economics of e. medical special ty  must take in to  consideration the  
geographic d is t r ibu t ion  of the s p e c i r l i s t s  and the populations served, the  type 
of pr ivate  o r  i n s t i t u t i o n a l  practice,  the cost  of service t o  the patient,  and 
who pays. 
forns of health insurance arc) being offered t o  the public f o r  the  purpose of 
providing h d s  f o r  nedicel and hospi ta l  care. 
these contracts i n d e d y  the subscriber against tho expense incident t o  t r e a t n m t  
by i r r a d h t i o n .  

A new and s igni f icant  fec tor  i n  the  f i e l d  of radiat ion is  t h a t  various 

Only i n  r a re  instances do any of 

REdiation therapy is  a highly specialized branch of medicine and u n t i l  
within recent years it has been l i m i t e d  t o  radiun and X rays. 
of isotopes the f i e l d  brozdencd and radioactive cobalt i s  now availeble f o r  the  
treatment of deep seated mulignancy. 
determined i n  order t o  compare such a method with conventional rgencies. 

With the  advent 

The cost  of cobalt 60 therapy mst be 

A t  the  present t h e  there  a re  probably l e s s  than 50 radiologis ts  who devote 
t h e i r  ful l  time t o  therapy m d  less than thct nunber outside of  the radiothera- 
p i s t s  who have a par t icu lar  i n t e re s t  i n  the treatment of cancer. 
external radiat ion thercpy (200 PKV and higher) ere  generally referred t o  the  
radiologis t  from sthor  physicims. 
under the  supervision of a rzdiologis t  and mny have such treatment administered 
by surgeons, gynecologists and other s p e c i d i s t s .  

Patients f o r  

PEitiants f o r  radiw therapy m e  not a l l  t reatad 

There a re  a t  the  present tine zpproxinctely 4000 American Board of Radiology 
c e r t i f i e d  radiologis ts  devoting f'ull time t o  t h e i r  specialty. 
practicing physicians (about one half of them are general pract i t ioners)  rendering 
over 2,500,000 nedical services daily. 
physician is  referred t o  a radiologis t  and of those referred 16.2 per cent are f o r  
therapy. The therapy pa t ien ts  can be fur ther  divided i n t o  80 per cent f m  high 
voltage, 19 per cent f o r  low voltzge or supsr f ic ia l  therapy, and 1 per cent f o r  
contact therapy. 

There are 156,000 

One pat ient  out of every 30 seen by e 

The practicing physicians who attend the general public i n  the United S t r t e s  
a re  f a i r l y  un i fo rm ly  dist r ibuted according t g  the population except i n  the sparsely 
se t t l ed  meas. 
but nore closely i n  r e l c t i o n  t o  the  number of physicians then are other special is ts .  
Both eas t  and west of the Mississippi River the r a t i o  of radiologis ts  t o  physicians 
i s  one radiologis t  t o  every 57 physicians. 

4,000 of the  4,761 general  hospitals have socle forn of equipment. 
l a t i ons  are in a f e w  of the  l e s s  than 100-bed hospitals, and d s o  i n  some of t he  
900 c l i n i c s  i n  this country. The most recent survey shared tha t  there  m e  1,850 
therapy in s t a l l a t ions  available t o  the  general public and exclusive of those i n  
govermental hospitals. 
a t  l e a s t  80 ins t a l l a t ions  of 200 PRV or  higher i n  the S ta t e  of llichigm. 

The radiologis ts  a r e  likewise dis t r ibuted according t o  populetion 

A t o t a l  of 5,386 of 6,572 regis tered hospitals ~ V Q  X-ray equipnent, and 
Therqy  instal- 

As an exanple n recent check has reveded  thz t  there  m e  
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To supervise and operate these units there a re  ce r t i f i ed  radiologis ts  i n  
all of these hospitals and f u l l  tine radiologis ts  i n  a l l  of over 300 beds capacity, 
In a m b e r  of the large teaching hospitals a radiation physicist  is a menber of 
the radiology depmtment staff. Forty-oight per cent of a l l  physicians and 57 per 
cent of all radiologis ts  are located i n  c i t i e s  of 100,000 population or  over. 
all c i t i e s  of 50,OOO population or  over are i n c l d c d ,  it is found that 69 per cent 
of the radiologis ts  and 56.6 per cent of all physicians res ide  i n  these c i t i e s .  
F i f t y  thousand da i ly  admissions furnish a daily h o s p i t d  census of 430,000 patients, 
o r  l4 .3  admissions per hospi ta l  r rd io logis t  per day. Considering the f a c t  t h a t  
23 per cent of the  hospi ta ls  (mostly small ins t i tu t ions)  do not have X-ray equip- 
nent and that 16.2 per cent of oll pat ients  referred t o  R radiologis t  are fo r  
therapy, it can be assumed that there  i s  an admission of a t  least one therapy 
patient per hospi ta l  rad io logis t  per day. 
pat ients  a re  a t  some time during t h e i r  course of therapy t reated as in-patients, 
usually a t  t h e  beginning of the  se r i e s  of treatments. 

If 

Pract ical ly  a l l  radiat ion therapy 

It hes been more or l e s s  a business axiom i n  industry that any piece of 
equipment should earn an annual gross re turn  of 120 per cent of its cost t o  ju s t i fy  
i t s  purchase. 
aspect of X-ray therapy it is apparent t h a t  many hospitals do not have a suff ic ient  
Zemand f o r  therapy t o  justify equipping one o r  more rooms f o r  t ha t  purpose. h the  
other hantt, tho cost  of operetion of Q therapy depzrtment has always been a subject 
of  controversy. 
f o r  lack of equipment t h e i r  pat ients  must bo sent t o  another i n s t i t u t ion  f o r  
special  treatment, Hosp i td  adninis t ra tors  end hospitel  B o ~ v c h  of Directors, real-  
izing that the  volume of t h e r a m  pat ients  would not be great  enough t o  j u s t i f y  the 
expenditure of money t o  buy equipment, are  af ten reluctant t o  provi2e the space, 
equipment and personnel if such service is available nearby. 

item of expense which is  t o  be charged sgainst  the income. 
f igures  have been obtained from private off ices  and these are not cpplicable t o  all 
hospital  radiology therapy departments. Many of the large hospitals have a suffi- 
cient  number of therapy pa t ien ts  t o  warrant a separate therapy depmtnent with full 
t h a  technical  and medical ?ersonnel, The smaller hospitals must pro r a t e  expenses 
and sa l a r i e s  between the  radiographic departnent and the therapy 2epartnent 

have used a percentage f ac to r  based on r e l a t ion  o f  squaro footage i n  each department 
t o  the t o t a l  square footage i n  use. Some private off ice  accounting systems use a 
percentage f ac to r  based on the  re la t ion  of departmental collections t o  t o t a l  col- 
lections.  
such expenses as space, heat, l i g h t  a d  jcn i tor  service i n  keeping the ordinary 
method of calculzting o f f i ce  or s to re  roon space rental .  tlhen operating en off ice  
fo r  the pr ivate  pract ice  of radiology, e i the r  as a partnership o r  as a group, every 
i t e n  of business expense is usually included, such as en ter to iment  f o r  business 
purposes, travel expense t o  medical meetings, donations made i n  the  nane of tha 
fh, insurance and any other  expense the  partnership has which is t o  be charged 
against  t he  gross income. 
S a l a r y ,  a percentage of the  deprtment  income, or he operates the  depertment on a 
space r e n t a l  agreement with the  hospital ,  
ness expense f o r  group pr ivate  off ice  operation, such es expnse  of attendance t o  
LediCd meetings, are f o r  t m t i o n  purposes deductible i t e m  from the r ad io log i s t t s  
personal incone. 

Applying t h i s  business axion and disregarding the  hunanitaricm 

Hospital staff nembers i n  some way seem t o  resent the fact t h a t  

The cost  of operation of a hospi ta l  therapy department shculd include e v e r j  
The most recent cost  

In  d is t r ibu t ing  costs  comon t o  both departments sone accounting rethcds 

The square foot.zge system appears t o  be the best methcd f o r  prorating 

The hospi ta l  radiologis ts '  income i s  derived f ron  a 

Many of the i tens  considered es a busi- 
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All of the fixed charges such as space, depreaiation, i n t e re s t  on the equip- 
nent investment, srnd insurance vary great ly  dependent upon the extent of the ~ 

therapy instal la t ion.  
cgsts  are f a i r l y  constant i n  those therapy departments which operate f u l l  tim. 
Maintenance, repair ,  and replacements nay vary tremendously i n  s tudies  covering 
only G short  period of time, but i n  studies over longer periods these costs 
usually show Q comparable average per ins ta l la t ion .  It has been estimated t h a t  
,O4 per cent of income be allowed as the cost  of the e l ec t r i ca l  energy f o r  oper- 
a t ion  of the equipment per treatnent.  

Salar ies ,  l aundry  expondible supplies, and a b i n i s t r a t i v e  

If one accepts the  manufacturers guarantee of tube l i f e  as a base l ine ,  it 
will be found that $1.00 per hour f o r  200 PKV machine and $2*50 per hour fo r  400 
PKV equipment can be considered as t he  tube operational oost. 
necessarily low i n  order t o  provido a p ro f i t  f o r  the tube manufacturer and under 
ordinary conditions most tubes will exceed the guaranteed number of running tine 
i n  hours. 
will be su f f i c i en t  t o  take care of cable and valve tube replacements. 
laundry expense i n  a therapy departnent i s  a n  i t e n  usually conFletely disregardsd 
es negligible, but may prove t o  be f e r  i n  excoss of tube an:' maintenance cost. 
Sheets sui table  f o r  a treatment tab le  cost as m c h  as $30.00 pe r  dozen and t h e  l i f e  
of a hospi ta l  sheet has been determined as 80 washings, 
of a general hospi ta l  is 17-18 lbs, of f resh l inen per pat ient  per day, an6 t h a t  
of a department of radiology i s  1-2 Ibs, Fer pat ient  per Say. 

of X ray or cobalt 60, 
' .s ,  from a c x t  accounting point of  view, a l lo t ted  t o  the d e p r t n e n t  of surgery 
i n  the form of a s e t  charge f o r  t he  use of the operating room and t o  the depzrtnent 
cf anaesthesiology as a f e e  for the  anaesthesiologist. 
is  regarded i n  the sane m e r  as X-ray equipment, then everything which h2s been 
purchased and hes arry relat ionship t o  radium therapy, as well as standby radium not 
i n  use during a par t icular  
ed as such. 
higher premium f o r  mdpract ice  insurance. 

The gumantee i s  

The gain from the  additional usefulness above the guarantee of the  tube 
Linen o r  

The average over-all need 

The a c t u d  cost  of radium therapy can be disposed of more eas i ly  t h m  cost 
The major expenses attendant t o  the apFlication of radium 

If hospi ta l  owned rzdium 

treatnent  must be considered as investment and t r e a b  
For the  FhySiCitm using rad ium there  i s  the  additional ewense of a 

If it were not f w  t he  hidden subsidy i n  the  F rduc t ion  of radioactive c3- 
ba l t ,  the  cost  of obtaining it from private industry would not be competitive with 
X ray, The cos t  of X-ray therapy equipment is  within t h e  f inanc ia l  poss ib i l i t i e s  
of both small hospitals and rzd io logis t ' s  Frivate offices, and f o r  that reason 200 
PXV therapy is accessible t o  every comunity. More than 90 per cent of ell X-ray 
therapy i n  the  United S ta tes  i s  e h i n i s t e r e d  by the  general pract i t ioner  r a d i d s -  
g i s t ,  Several factors  a re  involved i n  such a situatim: 1, Cost of equipment i s  
not prohibitive; 2, 
&ope where le rge  t rea tnent  centers have been developed; 3.  
of rad ia logis t s  with t ra in ing  i n  therapy are avEilable; 4. 
medical profession is  that equipment be available t o  t r e a t  pat ients  loczlly. 

possibly more complete training i n  sone instances, then the y q  t ra inee of some 
of the other medical special t ies .  
petent t 3  serve his c o d t y  as a therapist .  
kt accept it as a necessary part of t h e i r  specialty. 

Mstancos i n  this c o u n t 4  a re  not cornprzble t o  those i n  

The denand of the 
An dequa tc  

The r ecen t ly t r a ined  radiologis t  has received as thorough a t ra in ing  and 

For thzt reason he i s  i n  most instances con- 
Most of them do not l i k e  t h e r a w  

They recognize the  f a c t  th& 
/3 as mch t h e  i s  required. t o  earn X do l la rs  i n  therapy as i n  diagnosis and that 
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funds f o r  tho ncdical c m c  of the  p2ticnt have often bcon depleted before he was 
.-eferred t o  the  radiologist .  They also know tha t ,  except i n  few instances, therapy 
i s  not Q benefit i n  the sane nanner as diagnostic senrices under any of the pre- 
paynent insurance plans, and t h a t  therapy Fatients a re  dl potent ia l  nalpractice 
cases . 

In  1929 there  were 400 medical nalpractice claims f i l e d  i n  the United States,  
I n  1952 there  were 4,000 such claims, o r  one f o r  every 39 of the  156,000 practicing 
physicians. Tho 4,OOO ce r t i f i ed  radiologists were not the  loading ta rge t  f o r  these 
c l a i m ,  but damage due t o  therapy w a s  the  most frequent a l legat ion against radiolo- 
gists. 
higher f o r  radiologis ts  than f o r  any other physician. 
influence some radiologis ts  t o  under t r e a t  t h e i r  patients. 
ekin reactions following cobalt  60therapy i n  the  conventional m e r  may a lso  tend 
t o  overcome this timidity,  and result i n  be t t e r  trectnent of patients. 

It has long been a recognized f a c t  t h a t  malpractice insurance r a t e s  a r e  
Fear of the  c& morn m y  

The absence of extensive 

fin additional expense t o  the  operation cost  of  X-ray therapy has occurred in 
This the  la rger  medical centers since the  introduction of so-called super voltage. 

added ewense i s  the  remuneration fo r  a radiat ion physicist who is  necessary if high 
voltage o r  the ro ta t iona l  nethod of administration is  used. Even though the expense 
of a physicist  is  usually borne by one i n s t i t u t i o n  the benefits  of his knowledge and 
investigation i s  eventually passed along through publications and attendance t o  
meetings t o  those who arc  doing therapy i n  more o r  l e s s  isolated communities. 

One recently published compilation of cost  f igures s e t  each 2 0  PXV treatment 
i n  a pr ivate  of f ice  pract ice  a t  $4.99. 
'?echnician per treatment and the  cost of  tho treatment was 67 per cent of the  charge 

T h i s  same study i n  the diagnostic depmtnent of the  same of f ice  on 
the  west coast showed the  cost  of each raliographic examination t o  be $10.04, which 
was 75.8 per cent of t he  chargo t o  the  patient. 

Another study i n  the  nidwest had shown the general aver-all expenses includ- 
ing both diagnostic and therapy departments i n  hospitals was 55 per cent of the  
incone. I n  another study of a pr ivate  off ice  i n  New England with diagnostic work 
only,  the  cost  per examination w a s  60 per c m t  of the chargo, or ,  i n  other words, 
overhead was 60 per cent of incone. 

of this amount $1.10 was the cost of t he  

the  patient. 

Not only do the avai lable  figures on cost accounting show a wide vcr ia t ion 
i n  the  cost  per treatment f o r  radiat ion therapy, but there a l so  appears t o  be 
several  methods on which charges a re  based, 
flat f e e  f o r  a se r i e s  of treatments according t o  the anatonical locat ion of t he  
tumor with post i r r ad ia t ion  chock-up examinations included i n  the  or iginal  charge, 
Other fee schedules may be based upon a un i t  charge pe r  100 r adninistered or a 
charge f o r  each area o r  po r t a l  t o  which radiat ion i s  applied. 

The most comon basis f o r  charges is a 

Inasmuch as therapy i s  on a s t r i c t l y  time basis f o r  both medical and lay 
personnel who par t ic ipa te  i n  t h e  treatrnent of pat ients  it seem more log ica l  t o  
calculate  cos ts  on a t h o  f o r  t h e  "jobt* basis ra ther  than according t o  square foot- 
age o r  a percentage of col lect ions as has been done 
The fixed charges such as r e n t a l  allowance f o r  space, i n t e r e s t  on equipnent invest- 
ment, depreciation and obsolesence, etc., would be constant and conpa-able among 
S M l a r  irxstallations. 

. 

some of f ices  and hOSpitdS. 

The var iable  factors  would be salaries of technicians, 
rundry, c l e r i c a l  help, nurses, order l ies  and expendible suppl3.s~. E h n  though 
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cases should be individualized the  f a c t  remains tha t  certain routino pro- therapy 
cedures have been set up and m e  followed i n  most dopartmonts of therapy. 
majority of pat ients  with l ike conditions are treated i n  tho samo mculTler i n  ordor 
t o  obtain the  sane tunor dose i n  each patient. 
dimensions w i l l  recoive a known number of r-units in  a knam number of days d a 
known amount of tine w i l l  be consumd at  each visit, 
ing a conplote se r i e s  of troatmonts t o  two separate individuals with tho S a m  
pathological condition located i n  the s m o  anatomical par t  would be tho same ir- 
respective of tho incomo received f o r  administering tho troatnents. Tho physical 
conclition of the  pat iont  during treatments or tho skin roact ion w o d 6  probably be 
the  on ly  roasons f o r  deviating from the prescribed formtlla. 

The 

A known nuubor of p o r t a l s  of known 

The actual cost  of adninistar- 

With each so t  of cost  figuros which has boen releasod for publication thoro 
has been a plea f o r  Q uniform system of cost  accounting i n  order t h a t  factual data  
which would be of advantage t o  others could be obtain&. 
there  boon a suggestion t h a t  therapy cost  bo computed on a t i no  basis  2nd s ta ted 
i n  do l l a r s  and cents i n  the  same m e r  as the  foo charged is stated t o  the  pat ient  
ra ther  than in vague percontagos of income according t o  square footago occupied by 
tho therapy department o r  of dopartmcntd. collections. Tho information radiale- 
g i s t s ,  manufacturers of equipment, hospi ta l  adninistrators ‘and tho pat ient  want t o  
know is  - how much doos it cost t o  t r o a t  w h t ?  

I n  rime of these has 

HOSPITfiL ChPXITIES , FXILITIES , SERVICES 

4761 - Gonerd Hospitals 
22.57, 50 beds or loss - 77% have X-ray equ ipen t  
991, 50 t o  1cO beds 1 786, 100 t o  2C0 beds 
357, 200 t o  300 beds j’ 
370, 300 or nor0 beds 

A l l  have X-ray 
equ ipen t  

15,000,000 Hospital adEdSSiOnS per year 
50,000 Admissions da i ly  

10,000 Diagnostic units 2.5 each 

430,000 Hospi td  pat ient  d a i l y  census 
4,000 General Hospi tds  diagnostic equ ipen t  

1 U n i t  per 5 dai ly  admissions 

150,000 Physicians render 2,500,000 medical servicos daily 
16 Services per physician per day 

20 Pat ients  por radiologis t  per day - 1:30 
18,000 X-ray units-hospituls , radiologists,  CUCS 

I40 Physician pat ient  servico per X-ray unit 

3,500 Radiologists and 600 rosidents - 20 p t i o n t s  per day - 82,000 
610 Physician pat ient  services per radiologist  

1:30 Refer t o  radiologis t  of 2,500,000 services e q d s  83,333 
(57)  Physicians a t  16 pat ients  per dcly - 912 services 
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3,000 

3,500 

Radiologists full specialty or certified 

N 1  or part specialty scrvicos 4,000 hospital X-ray departments 
Hospital admissions For hcxpital  rad io logis t  per day 

500 Part apocidty or non-certified 

l4.3 

X-RAY EQUIPMENT UNITS 

20,000 Gen. Pract. 

12,000 Specialists 

13,000 Hospitals 

3,000 Radiologists 

2,000 Clinics 

1 unit each 
2.5 units each 
1 unit each 
2 units oach 
3 units oach 

50,000 (1,800 therapy duplicated) 

1 X-ray unit per 3,000 populztion 

CWNERSHIP OF MEDICAL X-FEY EQUIPMENT 

Magnostic and T&erapeutic Installations in U, S. Hospitals 

Therapeutic (Duplicated.) 850 
X-ray Installatlane h o d  Qr Frivute Physicians-{under 65 years. of Wef 

in the U. S. 32,250 
T o t a l  Medical X-ray Instellations 37,420 

Df agnost ic 5 9 170 

, 

RN)IOLOCISTS PHYSICIANS 

Ltt. to Full Altt. t o  Full 
G.P. Specialists Spec. T o t a l  - Specialists Spec. T o t a l  

ECST 1,828 
WEST 788 

326 2,154 49936 38,169 (57) 16,271 103,746 
101 889 22,613 5,209 (57) 6,662 45,208 

JUT10 OF IUDIOLCGISTS TO POPUUL!I'IUN IN U. S a  

Ye= Population - 
1950 150,697;361 

Radiologists 

Lo@ 
2,191 
3,559 

Pop. per 
Radiologist 

-m;w 
58,821 
42,342 

I 8  313550 
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PWCEZUGE DISTRIBUTION OF FJADIOLOGISTS I N  THE UNITED STATES 

C i t y  Size Radiologists msicians 

5,000 - 25,000 .................................... 16% .................. 16.9% 
25,000 - 50,000 ................................... 12% .................. 904% 
50,000 - 100,000 .................................. 12$ .................. 884% 

Under 5,000 ....................................... 3% .................. 17.1% 

over' 1 0 0 , ~  b a 57% e .  . 0 0 0 48.2% 

Geoqraphic Area 

New %land ....................................... 8% .................. 7~9f7 

Cantral  ........................................... 32% .................. 27.4% 

Nountain d Pacific .............................. 13% .................. U*4% 

Fiddle Ltlantic ................................... 274% .................. 2S04$ 
Ssuth and Southweat ................................ 2@ .................. 21,970 

ESTIMATED DISTRIBUTION OF DCCTORS mNG X RAP 

C i t y  Size 

Under 5 , Om 
5,000 - 25,0@0 
25,000 - 50,000 
50,000 - 100,000 
Over 100,000 

T o t a l  

Geomaphic Area 

New Ehglcnd 
Middle Atlantic 
Central 
South and Sautbest 
Mountain and PELcific 

Ely City Size 
Generztl 
h c t i c o  

6,490 
4,530 

980 
1,770 
5 910 

19)680 

E3y Geographic Aree 

General 
Practice 

1,260 

6,2CO 

2,760 

5,150 

4,310 

Specidis t  T a t a l  

6,490 
6,420 
3,130 
3 y 510 

12,700 

32,250 

S m i a l i e t  

920 
4,230 
2? 610 
2,620 
2,190 

T &a1 

2) 180 
9,380 

6,930 
4,950 

8,810 

T a t a l  32,250 
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DISTRIBUTION OF X-RAY USE 

Bcaminntion 

Photofluorogram 

Treatment 

Fluoroscopy 

I 43.3% 
I 

Number of examinations ? 3 0,3 5 5 

I 1 28.2% 
t 
Numbor of photofluorograms, 19,677 

I I I 16.2% 
-- 
h b e r  of treatments, 11,465 

Number of fluoroscopies, 8,465 

(X-ray Department? University of Minnesota Hospitals, 1947-1948) 

CWfiBATIVE DISTRIBUTION OF X-RAY THEWS’Y 

Deep 

Treatments 
(4CC-220 KV) 

x-ray 

Superficial. 
X-ray 

Treatments 

Contact 
Trsatment 

179.G 

number pat ients  9,063 

nunber pat ients  2,290 

number pat ients  19 

total patients 11,465 



CURREW R O D E T I O N ,  SCHEDULES, A-m PROBLES OF COBALT PRODUCTIOX I N  
THZ UI\JiTED S T A T E  

D r .  Paul Aebersold 
Isotopes Division 

United S t a t e s  Atomic Ehergy Commission 

and 

Mr. John Gillette 
Radioisotopes Sales Department 

Oak Ridge ilIational Laboratory 

D r .  Aebersold: 
cobal t  60 are  dependent upon t h e  a v a i l a b i l i t y  o f  neutron fluxes. 
reactors operated by t h e  Commission there  are a t  the  present time excess neutrons 
as a by-product. 
taken with t h e  concept t h a t  these  excess neutrons would be used. 

It is genera l ly  known t h a t  t h e  production and cos t  problems o f  
In  the  various 

The i n i t i a l  production and cos t  estimates of cobal t  60 were under- 

Other factors f o r  considerat ion a r e  t h e  period of i r r a d i a t i o n  and the  flux 
of the  reac tor .  
could do almost t he  same th ing  by bombarding it f o r  f i v e  years a t  flux F/5. 

If you were to  bombard a cobal t  sample f o r  one year a t  f l u x  F, you 

If you attempt maximum i r r a d i a t i o n  i n  a period o f  one year, or  t h a t  o r d e r  of 
magnitude, t h e  a v a i l a b i l i t y  o f  space i n  high flux reac tors  becomes c r i t i c a l .  The 
most economical approach would be t o  leave the  cobal t  i n  a r eac to r  f o r  f i v e  years 
T r  longer,  permitt ing t h e  AEC t o  use lower level f luxes without competing f o r  t h e  
i a x h  f luxes  t h a t  a r e  ava i lab le  i n  the  M'R reactor .  If the  productions program 
does not requi re  speed and high spec i f i c  a c t i v i t y  cobalt ,  then t h e  AEC could use 
a l o t  of excess neutrons t h a t  a r e  ava i lab le  i n  lower flux reac tors  and t h e  produc- 
t i on  of cobal t  could be done much cheaper. 

The AM: m u s t  consider t h a t  the  primary purpose of  a production reac tor  is 
t o  produce f i ss ionable  materials. 
If you have to produce so much cobal t  60 t h a t  you are  competing with the  produc- 
t i o n  o f  plutonium o r  uranium then you need t o  base t he  cos t  of cobal t  upon i t s  
competition with the  production o f  e s sen t i a l  f i s s ionable  mater ia l .  
production rate of  cobal t  60 i s  between 30 and 50 thousand cur ies  a year. If t h i s  
is t o  be the  t o t a l  demand f o r  cobal t ,  you can produce it as a by-product; however, 
t o  make many more times this  amount may cut in to  the  production of  f i s s ionab le  
material .  * 

The production of cobal t  60 would be secondary. 

The present 

Another d i f f i cu l ty  in the production of cobal t  i s  that a sample depresses 
the  flux in its region. One is  t o  cut  down the neutrons 
ava i lab le  f o r  the  cobal t  i t se l f  with the res*dt t h z t  you end up with a lower 
spec i f i c  activity cobal t  than you would ca l cu la t e  f o r  an unzepressed flux. The 
second result, which annoys other people, is t h a t  t he  cobal t  depresses t h e  f lux  
where o the r  samples are placed. For example, when the  A E  puts  a l o t  of cobal t  
i n to  the bER reac tor ,  t he re  a r e  o ther  research samples nearby; and t h e  depressed 

This has two results. 

The ultimate demand based on Donaldson's fi,o;ures, assuming only  cobal t  60 would 
be used, is that there  must be produced 100,OCO cur ies  per year f o r  t e le therapy  
rnachines alone. .. . . M i t o r  Is note (Brucer) . 
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flux in te r fe res  with the experiments. 
place the cobalt  i n  the  reactor so tha t  it w i l l  not compete with i t s  own self- 
absorption of neutrons, and not take neutrons away from research samples. 

It i s  a constant problem to  f i n d  a way t o  

To supply replacement sources every f ive  years, o r  x number of years, re- 
quires the production of new cobalt ,  o r  the re i r rad ia t ion  of old cobalt  sources. 
In the  United States  there  are no f a c i l i t i e s  f o r  the re i r rad ia t ion  of cobalt, and 
the current production and pricing philosophy of the AEC is based upon supplying 
fresh cobalt. It is possible t o  r e i r r ad ia t e  cobalt and the  Canadians have a pro- 
duction and pricing schedule based upon reirradiat ion.  

If one makes a long-term study of the Tuture ava i l ab i l i t y  of cobalt 60, one 
m u s t  consider cobalt as a by-product of the power industry. 
o r  the government continue plans f o r  development of reactors f o r  power production, 
then cer ta in  kinds of reactors w i l l  have excess neutrons as by-products. 
ever the management o f  a power reactor  decides t o  do with the excess neutrons w i l l  
depend upon the market value of the  by-products. 
plutonium 239 o r  uranium 233, then management w i l l  produce these f iss ionable  
materials as  the  primary by-product. However, if cobalt 60 i s  the big business, 
then the management might decide t h a t  the operating economics would favor cobalt 
60 as a by-product. Whatever balance the economics comes out t o  be is undeter- 
mined a t  the present. 

If pr ivate  industrj- 

What- 

If the government is buying 

The or ig ina l  idea of a small curiage teletherapy uni t  was t o  use cobalt 
t ha t  the AEC now has on hand. We have t r i ed  on many occasions t o  encourage the  
design of  teletherapy units t h a t  would use low specif ic  a c t i v i t y  cobalt because, 
it i s  easier  t o  made and, we have qui te  a b i t  on hand; but no sooner does some- 
body build such a unit, than he conceives the wonderful idea of  using high specif ic  
a c t i v i t y  cobalt. The AEC has enough production problems in supplying high spec i f ic  
cobalt f o r  ki locurie  un i t s  without additional demands from low curiage units.  
wish to  emphasize that the AM: appreciates a radiologis t ' s  desire  fo r  a high 
specif ic  a c t i v i t y  source with a long useful life and a shorter  treatment time. 

I 

I&. Gi l le t te :  
pieces of cobalt, 3 cm by 1 cm, in the 50-55 curie  range. 
able and the laboratory can load cloverleaf units as  soon as they receive the 
standard source capsules. 

The Oak Ridge iVational Laboratory has about one hundred and f o r t y  
This cobalt  i s  avail-  

The program f o r  providing high spec i f ic  a c t i v i t y  cobalt was s tar ted by put- 
t i ng  cobalt in to  the IvER i n  January 1953. 
mount t o  about 30 
gam. 
the a c t i v i t y  may be up t o  50 curies  per gram. If the cobelt is a t  t h i s  specif ic  
ac t iv i ty ,  the laboratory should within three o r  four months get  three additional 
cans, o r  an additional 10 thousand curies. The immediate z n i l a b i l i t y  of cobalt 60 
is. dependent upon what the laboratory f inds out about the can we now have. 
t h i s  material  is up t o  50 curies  per gram, MTR people w i l l  be able  to move into 
a higher flux some of t he  cobalt  t h a t  is i n  a low flux. 
possible an additional 17 thousand curies of cobalt w i l l  be avai lable  by the end 
o f  t h i s  year. 

The cobalt  under rad ia t ion  should 
or 40 thousand curies  a t  a spec i f ic  ac t iv i ty  of 50 curies per 

We have one can back from the IfCR and according to  some very good estimates 

If 

If t h i s  procedure becomes 

I n  November of  last  year, 30 more cans o f  cobalt were sen t  t o  the MTFL 
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These cans a re  being i r radiated i n  a very low zone and, if ORNL can maintain the  
available high flux they now have and can keep feeding these 30 cans into higher 
zones, the spec i f ic  a c t i v i t y  of the material should reach 30 curies per gram some- 
t h e  next year. 
pe r  gram, there  w i l l  be another 60 thousand curies o f  cobalt. 
gram there  w i l l  be l e s s  a c t i v i t y  but, o f  course, the cobalt  w i l l  be available 
fas te r .  

If the spec i f ic  a c t i v i t y  of  these cans should reach 50 curies 
A t  30 curies per 

There a re  two immediate problems in  the loading of cobalt, F i r s t  is the 
ava i l ab i l i t y  of t he  standard source capsule. ORNL has on order 15  cloverleaf de- 
signs and 15 wafer stack design capsules, and we have a promised delivery date  of 
Nay 31st. 
standard capsule. 
adequate shielding f o r  large sources; however, they have another loading f a c i l i t y  
tha t  should be avai lable  f o r  use t h i s  f a l l ,  

The second problem is one of actual ly  loading the cobalt  into the  
The first few capsules w i l l  be loaded i n  c e l l s  tha t  do m t  have 



CURREXT FRODUCTIOM, SCHEDULE, AND PE10BLBS OF CAlVADA 

Vi. C. H. Hetherington 
Atomic Ehergy of Canada Limited 

D r .  Aebersold and others have already covered most of the problems t h a t  the 
Whereas the  E-AEC has Canadians are faced with but there i s  a s l i g h t  difference. 

a number of reactors,  the  Canadians have one reactor,  and up un t i l  a few months agq 
we did not have the one. The leak i n  the NRX reactor put the production progrvn 
of the Atomic Znergy of Canada back 1 year to  18 months. NRX is  primarily a re- 
search reactor  and during the  18 months there has accumulated a la rge  backlog of 
research program which w i l l  require a fair number o f  the available high f lux  
positions. 
of not being able t o  say de f in i t e ly  how much cobalt 60 w i l l  be available a t  any 
future  date. 

These fac tors  put the Atomic Energy of Canada Limited into a posit ion 

As fa r  as the use of excess neutrons go, i f  you put a few capsules of 
cobalt in the  high f l u x  posit ion,  you w i l l  get  speed-up production but very small 
production. On the other hand, with a s m a l l  number of sources i n  the high flux 
positions, and a large number i n  low f l u x  positions, we would tend t o  meet present 
commitments. If Atomic Energy of  Canada should start  moving these positions it 
would ser iously e f fec t  the  long-term production program, so one has to necessarily 
reach a compromise. 

The iRx reactor  is  basical ly  a research reactor,  operating a t  various 
Tower leve ls  f o r  various times during the year, and henca it is more d i f f i c u l t  t o  
.orecast t he  exact production schedule as  compared w i t h  a production reactor  o p e r e  
t ing  a t  a d e f i n i t e  power level .  
out over a period of 1 year t o  18 months. 

The variations,  howevsr, would tend to average 

The Canadians do not expect t o  have a supply of cobalt i n  the region of 35 

As Dr. Aebersold has mentioned, it takes about a year 
curies per gram u n t i l  l a te  1755, or ear ly  1956, because we a re  s t a r t i n g  f rom scratch 
by putting i n  cold cobalt. 
t o  18 months t o  start get t ing production i n  large quantit ies.  

One other problem i n  the production of cobalt i s  the ava i l ab i l i t y  of ade- 
quate handling f a c i l i t i e s .  It is a simple matter t o  build a handling f a c i l i t y  f o r  
one type o f  t ransfer  case and one type of loading; it is quite  a different  problem 
to  build equipment to  handle various designs o f  containers and transportation 
f a c i l i t i e s .  
curiage cobalt, 
next year. 

The available handling f a c i l i t i e s  are presently working f o r  the low 
Additional ones w i l l  probably be ready l a t e  t h i s  year or ear ly  

Canada hopes to  have a p len t i fu l  supply of very high spec i f ic  a c t i v i t y  
cobalt when XRU begins operation, 
tions, but it is estimated as l a t e  as 1956 though it may be 1957 before any cobalt  
w i l l  be available from the  reactor.  

It is a guess as t o  when iuRU w i l l  begin opera- 

The Canadians have a pricing philosophy of offering replacement s e d c e  
w i t h  each source. 
cobalt from i ts  capsule and place i t  back into the p i l e  f o r  reactivation. 

:?e present tine the pr ices  a r e  a b i t  d i f fe ren t  from those of the US-AEC. 

The basic pr ice  includes the charges necessary to  take the 
A t  
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Between now and t h e  f a l l  o f  1955, there  may be odd sources ava i lab le  
) U t  the  Atomic Energy of  Canada cannot predict  the a v a i l a b i l i t y .  
flux is a l i t t l e  higher than is ant ic ipa ted ,  there  may soon be a few sources 
available.  The Canadians cannot guarantee anything a t  t h e  present time, but 
do i n v i t e  inqui r ies ,  and the X-ray Industry w i l l  be kept informed about how 
tflings are  coning along, 

If the  p i l e  



DISCUSSION OF P ~ I P ~  0r.T CURREP~T FROCUCTION SCHZDULING 
AXD COST OF FUDIATIOM THERAPY 

M r .  Sticknev: Mr. Beauchamp described a standard device f o r  measuring the rhm 
values of  a l l  sources; however, if the rhm values should d i f f e r  from what the 
customer's physicist  should f ind,  it would probably make the custoner unhappy. 

I&. Beauchamp: 
o r  manufacturer def in i te ly  requests it. 

OR& does not want t o  make such a measurement unless the customer 

D r .  Aebersold: Does your statement about the plus o r  minus 10 per cent have refer- 
ence t o  the absolute value of a given source, arid not from one cobalt  source t o  
another? 

Mr, Beauchamp: I mean variations from the absolute and it remains constant from 
source t o  source. 

Chairman Mason: 
manufacturers and radiologis ts  want ta receive the rhm values measured by Oh%? 

I&. Stickney: 

What does t h i s  group think about the OFtNT, cal ibrat ion? W i l l  the 

Picker X-ray would l i k e  t o  receive the data. 

I+. Stober: 
the i r  physicists measure the source after the in s t a l l a t ion  is completed, 
as there m a y  be a discrepancy between the ORNL method of measuring, I am not in- 
clined to  ge t  involved i n  the argument. 
very close t o  what the customer's measurement of rhm is. 

I cannot express an opinion. The Keleket Company w i l l  probably have 
As long 

The ORNL source would have to  come out 

D r .  Aebersold: 
collimating device, 
under which the measurement was taken. 

The rhm may vary depending upon the port  of the machine and the 
You can not have a flxed rhm without defining the conditions 

D r .  bfstrom: Dr. Donaldson, how did you a r r ive  a t  that average cost  per pat ient  
treatment per portal?  

Dr. Donaldson: 
between 83.00 and $4.00, probably about $3.50. 
partment organization. The man with one technician w i l l  h m d h  eve,-ything h i m e l f ,  
whereas i n  a la rge  radiology departmezt the work may be dis t r ibuted among residents 
and a physicist. 

In reply to  survey questions I usually get on an average e s t h a t e  
The estimate depsnds upon the de- 

Dr. Brucer: 
cost  of  cobalt ,  I would l i k e  t o  say that we made a c a l c d a t i o n  a t  the Ins t i t u t e  
based upon all of the hedging t h a t  you m u s t  put into such a stud:-. 
of cobalt i t s e l f ,  based on f igures  previously presented, and made the poor assmpt-  
ions t h a t  the machine is  used e ight  hours a day, f i v e  days a week, twenty pat ients  
per day receiving 200 r in  each patient.  
then the cos t  of the cobalt energy encapsulated and loaded into the machine, and 
shipped t o  New Pork, comes out at  twelve cents per treataent.  
t ha t  this is just the cost of the energy. 

Dr. Donaldson: 
2ost. X i t h  the  o v e r 4 1  cost  of the machine, the housing, the depreciation, the 
Lnterest on investment, the cost  w i l l  come out s l i g h t l y  higher than conventional 

When Dr. Donaldson ta lks  about the cost  of X ray  being cheaper than the  

We took the cos t  

If the  cobalt is  used f o r  f ive  years, 

I wish to  emphasize 

In a similar study, I came out w i t h  t en  cents per treatment snergy 
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X ray. Once the  cobalt machine gets on a production basis, the actual 
Dbalt may compare more favorably with X-ray equipment and considering 

Lnents and other  repair  and maintenance costs,  the cobalt w i l l  probably 
in the long run, 

cost of the 
tube replace- 
be cheaper 

Dr. Lofstrom: Dr. Aebersold, if an individual places an order f o r  a low spec i f ic  
a c t i v i t y  source and l a t e r  decides upon a high spec i f ic  ac t iv i ty  source, w i l l  that 
limit him or another customer in gett ing a source? 

D r .  Aebersold: 
lists and await the ava i l ab i l i t y  of a source. 

Dr. Brucer: 
i n  the hectocurie teletherapy unit. 
cheaper cobalt  per Foentgen delivered than low spec i f ic  a c t i v i t y  material. 
ceiitimeter diameter source were produced i n  the same reactor t h a t  produced the pre- 
sent cloverleaf source, then you could have a 600 rhm source, a t  a cost  of approxi- 
mately $4,550. 

No, each would have t o  take h i s  place on the respective p r i o r i t y  

The customers would like to  purchase the maximum rhm tha t  can be placed 
The 600 rbm with high spec i f ic  ac t iv i ty  is 

Lf a 2 

D r .  Aebersald: 
cobalt f o r  the hectocurie unit, and I am wondering if ra ther  than t rying t o  make 
cobalt t ha t  is needed f o r  the  1200 curie unit, should the AM: pul l  some cans from 
the reactor before they get t o  50 curies per gram? 

The AEC is t r j i n g  to  f ind the answer to  the demand f o r  high spec i f ic  

------ Chairmn Mason: 
curies psr can f o r  everybody is a p s s i b i l i t y  only in  the future .  

,nd the  production capacit ies of the KTR are greater  f o r  30 curies  per gram. 
would like Nr.  Gillette to explain t h i s  factor.  

There i s  some advantage in  an early delivery date ,  and perhaps 50 
A number of 

I 
qns having spec i f ic  a c t i v i t i e s  of less than 50 curies per gram a r e  i n  the reactor;  

Mr. Gil le t te :  
under present schedules the  production is slow even a t  30 curies per gram. 
the cobalt is i n  a zone where the  production rate is veqy slow although there a r e  
a very few cans i n  an extremely high flux. D r ,  Aebersold, if the  AEC atteclpts t o  
increase th3  ava i l ab i l i t y  of 30 curies per gram cobalt, it can be done t o  a ce r t a in  
extent but f o r  the benefit  of only  a few people. 
chasing hectocurie un i t s  want 600 curies because thaz's  the xz&mrn f o r  :~:iF3h the 
machine was designed. 
comes from, what shape or what spec i f ic  a c t i v i t y  it i s ;  therefore,  whenever possible 
industry and radiologis ts  should damand high specif ic  a c t i v i t y  on ly  f o r  ki locurie  
therapy uni ts .  Support the A M :  cannot supply the demands f o r  high specif ic  a c t i v i t y  
ac t iv i ty  cobalt ,  w h a t ' s  the next best  thing? What is  the maximal capacity of the 
large un i t  a t  the present? 

It 's true t h a t  you can get the cobalt  out a t  30 curies  per gram but 
Most of 

The rzdiologis ts  who 21'8 pur- 

Most people want 600 rhm, and it doesn't matter where it 

Dr. Brucer: It should be about 30 rhm. 

Dr. Aebersold: People can't use that i n  the hectocurie un i t  a d  they w i l l  have to 
w a i t  quite a while f o r  high spec i f ic  ac t iv i t i e s .  

Dr. Eirucer: 
have; but with the idea that there  might be be t t e r  cobalt avai lable  in the future ,  
+.he design was increased t o  permit the un i t  t o  shield 600 rh. 

The hectocurie machine was or ig ina l ly  designed f o r  the cobalt we now 

L)r. Aebersold : I do not disagree with tha t  planning; but unfortunately radiologis ts  
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now think they can get high spec i f ic  cobalt arid t ha t  was not the concept we began 
rith. 

lk. Hetherington: I probably should have added tha t  the Canadian replacanent 
schedule I s  based on the re i r rad ia t ion  of cobalt 60 i n  the form of very sna l l  
pe l l e t s ;  consequently, sources of various diameters can be made up very easily. 
Also, i n  my e a r l i e r  remarks regarding the supply problem, I was thinking maidy  of 
the 30 to  35 curie  per gram cobalt. When you get  down to  lower specif ic  a c t i v i t i e s ,  
5 o r  10 curies per gram, then the  supply may be qui te  different .  It has been point- 
ed out 
produce a l o t  of material  a t  10 o r  20 curies per gram, you very ser iously a f f ec t  
t he  long range program f o r  high spec i f ic  material. 

D r .  Agbersold: 

1.5. . Betharinaton: 
large backlog of research. 
i n  order t o  bring t h a t  on up t o  a higher specif ic  ac t iv i ty ,  we would have to  allo- 
cate  the center positions t o  the production o f  cobalt. 

D r .  Brucer: 
change again. 
only can be used i n  the big machine but it can then be transferred from one machine 
t o  another u n t i l  it decays from a l200,to a 600, and eventually t o  a 300 curie 
source. 
the requests f o r  low specif ic  a c t i v i t y  sources, but r i g h t  now there is  a demand 
'or the low spec i f ic  a c t i v i t y  source because a number of people a r e  i n  a hurry. 

t h a t  low specif ic  a c t i v i t y  cobalt is easier  t o  produce, but if  you t r y  t o  

Don't you have cobalt  coming along on a f o u r  o r  f i v e  year program? 

Yes, but the  production becomes quite a problen because of a 
\fe can easi ly  get it up t o  5 o r  10 curies  per gram, but 

W i t h  t h e  use of  a standard source capsule, t h i s  picture  w i l l  u l t h a t e l y  
A standard source capsule with a high specif ic  a c t i v i t y  source not 

These or ig ina l  very high spac i f ic  ac t iv i ty  sowces w i l l  eventually reduce 

Mr. Gil le t te :  
increase before 1200 curie  sources decay down to  the 600 or  300 curies per source. 

Ixlw specif ic  a c t i v i t y  material  is now ready, and the  quantity w i i l  

D r .  Brucer: 
2 centimeter i n  diameter sources from the lowest specif ic  ac t iv i ty?  
design should be considered as a stopgap design, and is not an e f f i c i en t  design. 

Instead of making the  sources 1 centimeter i n  d iameter ,  why not make 
The cloverleaf 

D r .  Aebersold: 
able from the Commission? 

Vhat is the cost  of  the cloverleaf source with the cobalt now avai l -  

Dr. Brucer: 
means that the cost  is approximately $2,500. 

With the prssent avai lable  cobalt you can get Up to  6.3 This 

D r .  Lebersold: This is with the  capsule loaded and everything? 

Er .  Brucer: That price includes the loaded capsule. 
policy, we make a 2 centimeter diameter source it would cost  the sane as a 1 centi-  
meter source because the pricing is based upon the amount of cobalt  60. 
make t h i s  2 centimeter diameter wafer o f  the 50 curie  per gram cobalt, then by the 
present pricing policy we get the same 6.3 rmm source f o r  $3,000. The essent ia l  
point is t h a t  the whole problem w i l l  change once the very high in t ens i ty  sources 
have decayed one o r  tz.ro halr" l ives  and can be transferred f ro2  a big machine t o  a 
s m a l l  machine. But t ha t ' s  not going t o  be t rue  f o r  a long time because it looks 
as  though more s m a l l  machines than big machines are being made. 14r. Stober says 

me.  

If ,  a t  the present pricing 

If you 

ha t  h i s  fac tory  believes the  r a t i o  o f  hectocurie to  kilocurie un i t s  will be five t0 
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D r .  Aebersold: If there a re  going to  be fewer kilocurie un i t s  bought, then there  is  
;oing t o  be more high specif ic  a c t i v i t y  cobalt available f o r  the hectocurie un i t s ,  
but you'l l  never know t h i s  u n t i l  the  early sources have bsen delivered. The f i r s t  
t o  buy the hectocurie unit w i l l  have to  accept m e d i a t e  delivery of  a low spec i f ic  
a c t i v i t y  source, o r  w a i t  u n t i l  the  f i r s t  of next year, hoping to  get high energy 
cobalt  

Mr. Gi l l e t t e :  
cur ie  down t o  small sources? 

How many people have changed t h e i r  minds and are  going from the 1500 

D r .  l3rucer : I personally know of  three people who have changed t h e i r  minds . 
D r .  Aebersold-: 
stock p i l e  o f  high specif ic  a c t i v i t y  cobalt. 
not against the hectocurie un i t s ;  i t ' s  ju s t  the problem that they are  competing f o r  
high specif ic  a c t i v i t y  cobalt. 

This means tha t  twice as many sources a re  available from the same 
I again wish to  emphasize that I a 

Pir. Remolds: 
decides to  buy a 600 curie  source. 
one l i s t  and become the low man on another l i s t ?  

Suppose a customer has an authorization f o r  a 1200 curie  source arid 
I t J i l l  he have to  g i v e  up a p r io r i ty  posit ion on 

C r .  Sebersold : 
quested ki locurie  sources. 
going t o  confuse the  s i t ua t ion  on the pr ior i ty  l i s t  if they take a 600 curie  source. 
The A3C doesn't know whether a customer is going to  take 12CO or  600 curies of 
c o j a l t ;  however, i t ' s  all r i g h t  with the C o d s s i o n  if  lie takes 600 instead of 1200 
wr ies  , 

There's cobalt available and the peopls who rsquested it f i r s t  re- 
If they don't  pick up the ki locurie  units, i t ' s  not 

ltr, G i i l e t t e :  The Oak Ridge National Laboratory would l i k e  to  know those people who 
are  interested i n  taking 600 curies  instead of 1200 c w i s  o f  cobalt. The AEC can 
see the advantage t o  the  customer i n  doing t h i s  but, i2 a prospective customer hasn't 
put i n  an order, then the AEC can't give a delivery date f c r  a source because they 
don't know how many hectocurie units a re  going to  be bought by individuals who hold 
a ki locurie  authorization. 

Yr. Green: 
source to  50 curies per gram? 

Idhat would be the time required to  build the 1 cm and the 2 cm diameter 

Yr. Gi l l e t t e :  Two years. Xuch the same f o r  each diameter. 

D r .  Brucer: If the diameter goes down t o  one centimeter, it means t h a t  the source 
i s  made only f o r  the hectocurie unit. !{hen you get down below 35 centimeters SSD, 
you can ' t  use a 2 centimeter diameter source unless you start putting i n  a very 
fancy pinhole collimator, which could be done but won't be quite as sat isfactory.  

D r .  Blata: 
is more effective than a 1 centimeter diameter  source? 

Is there not a general agreement t ha t  a 2 centimeter diameter source 

D r .  Brucer: 
very few persons who would nuch r a the r  have a wide penumbra t o  work with. 
everybody that I have ever talked w i t h  say that t h i s  is ridiculous. 
- p e e  t ha t  they don't want a penumbra and if they d idn ' t  agree penunbra can always 

I don't think there  is such agreement, This argument comes from a 
A l m o s t  

Most therap is t s  

3 added by saving off the  cone. A comparison o f  penumbra has been made with the  
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betatron and a 250 kv X-ray machine. 
>enumbra with the 250 kv machine then we can use a 3 centimeter source a t  35 centi-  
deters  very easi ly .  
compzring it with the beautiful  curves from Johns' betatron. 

Chairman Mason: 
sources o f  about 100 curies. 
into his machine. 
a re  on the optimistic s ide  a t  t h i s  stage of the game and they ought to be thinking 
more o f  the 1000 curie  sources f o r  the  i n i t i a l  units. 

If you compare the hectocurie cobalt 60 

But people a r n ' t  comparing cobalt 60 w i t h  250 kvp, they a re  

The al locat ion of kilocurie sources was s tar ted by people wanting 
Then somebody thought he wanted 1200 curies to  go 

I think these people who are  holding out f o r  a 1500 curie source 

Mr. Sticknex: 
exception t h e  customer asks f o r  the biggest source t h a t  they can get. 

D r .  Srucer: 
sources . 

My company is subject to  j u s t  what the customers want, and without 

T h a t  is because of the publicity there has been concerning the bigzer 

Mr. Stickney: Ho, it is a concept of  the cost  and ......... 
D r .  Lofstrom: It also reduces the treatment time. 

Chairman Mason: 
s i tua t ion  o r  given dol lar .  
is  it cheaper on a dollar per rhm t o  put 1500 than t o  put 1000 curies into a 
machine? 

It is  jus t  human nature t o  get the best  you can get f o r  the given 
D r .  Qrucer, on your charts f o r  a given specif ic  ac t iv i ty ,  

3r. B r u c ~ :  
iay Stickney calculates h i s  costs.  

l i ve ry  has become argumentive. 
source soon gets down t o  a rock bottom level .  
then you can use the source t h a t  much longer before it gets down t o  the rock bottom 
usefulness. 
i n t ens i ty  source. 

Chairman Mason: 
wondering if teletherapy customers a re  to  a large extent asking f o r  m a x i m u m  sized 
sources because they have been instructed t o  do so by some salesman. 

D r .  Brucer: 
t o  order 600 curies f o r  the hectocurie un i t ,  but t o  be perfectly wil l ing to  take 
what they can get. 

D r .  Aebersold: 
has acquired a p r i o r i t y  f o r  1200 curies of  cobalt 60. 
600, but he can' t  ge t  two sourcss of 600 curies. 

Yes, but not because of the way the chart  i s  drawn but because of the 

If you speak of do l la rs  per t o t a l  roentgens, a low 

Therefore, under these coriditions, i t ' s  always b e t t e r  t o  ge t  a higher 

To calculate only on the basis o f  rhm on de- 

If you start out with a higher source, 

It is  just human nature to  ask f o r  the best of anything. I am 

\ hen  people ask what s i ze  source they sould order, I always t e l l  them 

The customer who saw the need f o r  1200 curies, and placed h is  order 
He may change the order t o  

Chairman Mason: 
f i r s t  s ix  people may purchase 1500 curies each; the seventh person may purchase a 
600 curie  source and the Commission can make available an eighthsource of 600 curies  
t o  another user 

If a manufacturer holds p r io r i ty  f o r  seven 1500 curie  somces, the 

Mr. Remolds: 

& l o o r  instead of  ce i l ing  l imitat ions on size.  

When this question was f i r s t  brought t o  the a t ten t ion  of my conWV, 
UT customers were putting i n  orders fo r  1300 o r  1500 curies,  and were thinking of 

Apparently we should now spec* both. 



PROBLEMS OF SOURCE STRENGTH, C~LLIBWLTION, M D  LOADING 

E. E. Beauchamp 
Radioisotope Development Department 

Oak Ridge National Laboratory 

A number of the people present a t  this meeting have previcusly v is i ted  the  
@.k Ridge National Laboratory and have observed the  remote handling c e l l s  with the  
slave manipulator. The present c e l l  operates f o r  sources up t o  800 curio level ,  
agd the  l cb  has a new c e l l  Zesign for  higher levels.  
curies can be loaded on Q f a i r l y  routine basis; anything above this l eve l  reqcires  
s p c i a l  p rxedmes .  The high level c e l l  w i l l  not be conpletcd un t i l  l a t e  1954; 
however, i f  Mra Gi l l e t to  has mdo Q commitment t o  someone f o r  loading a source 
abcrve the 800 curie  range, and if he has not made too many uomitments, the C z k  
Ridgo Nzt iond Laboratory w i l l  load the source on a spocial  basis. 
wived  i n  the  loading w i l l  have t o  take a measured dose of radiation, md this is 
r?ot the  s o r t  of thing wo l i k o  t o  do. 
i s  allowed on ly  s o  m c h  e q o s u r e  t o  radiction. 
t h c t  this is  not the typo of procedure that ORNL cmld  consider doing on a roctLnc 
basis . 

A source containing up t a  8cC 

The people 5n- 

Tho Division has o n l y  s o  maw people, cn? c-21- 
The mnufacturers should realize 

Tho now high l e v e l  c e l l  has been delayed f o r  the a p p r m l  of funds, wkich 
finally came through i n  March of this year. 
f i n d  specifications m e  ablsut coxpleted. 
f o r  cmstruct ing tho c e l l ,  cnd by the  end. of  September, the  l a rge  c e l l  should be 
cmpletcd. 

The preliminmy designs are ready m-6 
Very short ly  we should l e t  the  contrcct  

Unti l  recently cobalt  60 has been stored under water i n  the canal i n  the 
p i l o  builzing, and the  measurenents have been made there. T h i s  procedure proved 
t o  be an unsat.isfactory storage condition and ORNL has gone t o  dry storage, For 
the past  several  months we heve been se t t ing  up a new ca l ibra t ion  method. Tho now 
mathod uses tho nnnipuletor c e l l  t o  t&o one piece of cobalt a t  a time, I n s i d e  t h o  
ca l ibra t ion  c e l l  there  is an a i r  f i l l e d  ionization chamber connectet! t o  an electro- 
meter; md with this equipment, each piece of cobalt i s  neasured. 
d i f f i c u l t y  i n  cal ibrat ing this gadget. 
ly ca l ibra te  a l l  health physics in s tnuon t s ,  calibrated pioces of cobalt 60 i n  each 
range of spec i f ic  activity and calibrated then. 
new chamber and the  appropriete readings were plotted f o r  each range. 
foe1 even more cer ta in  t h a t  these wero accurate reedings, the  pieces of cobalt  were 
dissolve<, and aliquots of t he  solution were sen t  t o  the laboratory f o r  assey. The 
two methods of ca l ibra t ion  conpared within 1 per cent. 
(2826 and was constructed by t he  Oak Ridge National Laboratory. 
this unit was delivered a t  the  Atonic Instrunant Society of hericm, Septenber 12, 
1946, i n  the Municipal Auditorium in St. Louis .  
purchase Q copy of the  p p e r  f roa  the Instrument society of America; 921 Rich 
Avenue, Pittsburgh. 
might w a n t  t o  double chock aRNL*s ca l ibra t ion  methd. 
be guaranteeing an accuracy of w i t h i n  10 per cent and the  i n s t m e n t  m y  be even 
nore accurate t h n  t h a t .  
labomtory counting i n s t m m n t s  have some errors  running that high. 
laboratory counting oquipnellt will run from 1 t o  5 per cent; therefore, this eleetm- 
meter is probebly a very g o d  instrunent fcrr ccUbrating cobalt. 

There wcs soze 
F i r s t ,  the  health physics group who rmt ine -  

These pieces were then put i n t o  tho 
In order t o  

The electroEeter is cal led 
6 paper describing 

If anyone is  interested he may 

This instrunent is mentioned here, just i n  case a customer 
bfr. Gi l lo t to  w i l l  probably 

I n s t m e n t s  or9 constantly being fmprwed, hovever, even 
The er ror  i n  
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The ORNL hcd the  pr ivi lege & h a m t h e i r  Canadian f r iends  visit them this 
week and t o  t a l k  about c e l l s  and i n s t m e n t s ,  which they are building. 
these v i s i t s  one problem c a o  up concerning tho standard source cepsule. 
would k v e  t o  mako a minor change inside the capsule and ORNL CM n r k e  tho necessary 
changes . 

During 
They 

From a previous meeting of this group, I got the impression tha t  radiologis ts  
may request a gumantoe of tho rhm from the  source. 
tioned t h a t  each head is  going t o  be somewhat d i f fe ren t  in geometry and w i l l  give a 
d i f fe ren t  rhm value, therefore, ORlU~brhm fac to r  would d i f f e r  from t h a t  of oach 
instrunont. 
oach sourco. 
eight inchss of leod and with a well i n  it, with a colllnrtting leed sleeve. 
Victoroen r meter or  chamber electrometer w i l l  bo held i n  a fixod position from the  
smrce. 
t h i n g  that is su i tab le  f o r  a customer buying a hectocurio unit. 

However, Dr. Brucer has men- 

However, QRNL will make Q standard setup and w i l l  neasuro tho rhn of 
our measuring device w i l l  consis t  of a stnadard pig, with seven o r  

This setup could be nade without too great Q cost, and night give sone- 

6 
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ALLCCATION POLICY FOR TELETHERAPY SOURCE U N I T S  

ET. Paul Aebersold 
Radioisotopes Division 

United Statos Atomic Energy Commission 

There are two separate problems in the allocation and distribution of co- 
balt 60 f o r  teletherapy units. 
The following allocation criteria have been recommended to the Isotopes Division 
by the Subcommittee on Human Application. 
requirements for radiological safety and ties in with a later discussion on the 
agenda of this meeting. 

The first problem is the allocation criterion. 

T h i s  document recommends certain 

You will note that the allocation policy makes it possible for the radlolo- 
gist to arrange for the radiological safety to be taken care of by consultants, 
and it would be possible for this consultant to be a qualified physicist from the 
manufacturer. 

A. The manufacturer of teletherapy equipment shall: 

1. Provide for adherence of the prototype design of the equipment 
t o  the requirements and recommendations of the National Bureau 
of Standards Handbook 54. 

2. Provide a program to test the critical shielding components of 
each unit. 

The user shall be a physician qualified in therapeutic roentgenology with at least 
thrsc years experience in this specialty. 
Radiology may be presented as evidence of such qualification.) 

(A diploma of the Anericm Board of 

B. The usersha l l  do the following or shall be responsible for having them 
done by a qualified consultant: 

1. 

2. 

3.  

L. 

Plan for the installztion site and control of radiological safety 
in the strrounding area. 

M e  a radiation survey of eech completd source and unit in 
its permanent location to comply with the  requirements of the 
National Burem of Standards Handbook 54. 

Calibrnte the radiation output of the unit. 
be proviclod regarding the type of instrumntction to be used for 
the cclihxtion and the pertinent exrperiemx of the user or 
consult-znt ,, 

Informtion should 

Dcscrib:. 3x1 adequate program f o r  radio1og:cal safety including 
a progxm of action in tho event of a brc;:.kdown or need for 
adjustment of any part of the heed, sour t ,~ ,  or mechanism involv- 
ing t he  eotrce. 
radioi3gicel safety of the physicist or other individud assuming 
this rcsponsibility should be included. 

The pertinent qclalifica-cims and kxperience in 

E i 3 b 5 b 5  
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5 .  Indicate  his familiari ty with, and in t en t  t o  comply with t h e  
requirements of t he  National Bureau of Standards Handbook 54. 

DISCUSSION 

I+. Remolds*: Did you say t h a t  it was a l l  r i g h t  f o r  the  manufacturer t o  hire a 
consultant t o  have t h e  survey made? 

Dr. Aebersold: The AEX: does not  care who pays t h e  s d a r y  of the  m n  who makes t h e  
measurements so  long as he is qual i f ied  t o  make them. 

Mr. Remolds: I want t o  be sure that this statement does not say t h a t  t he  manu- 
f ac tu re r  shall make a r ad ia t ion  survey. 
what has been t h e  prac t ice  i n  X-ray industry. 
would have a great dea l  t o  say about my company's being held responsible f o r  t h e  
r ad ia t ion  survey. 

Such a statement would do violence t o  
I am sure t h a t  our insurance covemr 

Dr. Aebersold: 
f o r  t h e  rad io logica l  safety of his unit. 
i b i l i t y  before he turns  t h e  equipment over t o  t he  radiologis t .  

Chairman Mason: 
wants t o  know if t h e  manufacturer sbll actually make the  survey, o r  is it accept- 
able  f o r  a qua l i f ied  consul tant  t o  make t h e  survey. 

Mr. Reynolds: 
would guarantee the  rad io logica l  sa fe ty  of t he  machine and i ts  ins t a l l a t ion .  

The r ad io log i s t  purchasing the  unit has the  ultimate r e spons ib i l i t y  
The manufacturer, however, has a respons- 

I think that Mr. Reynolds' question refers t o  B-3. M r .  Reynolds 

Is t h a t  your question? 

\.le should stay away from t h e  implication t h a t  t h e  X-rsy company 

Dr. Aebersold: 
anything t h a t  is hazardous, t h e  t i t l e  must change from the  manufacturer t o  t h e  
user ,  and t h e  manufacturer must ascer ta in  that everything is sa t i s f ac to ry  before 
he passes t h e  t i t l e  t o  t h e  rad io logis t .  

I don ' t  know t h e  pract ice  i n  t h e  X-ray industry,  but when you buy 

Mr. Remolds: 

expresses a n  opinion. 

I suggest t h a t  s ince w e  a r e  not sure of a11 t h e  f a c t s ,  w e  maintain 
open mind u n t i l  l e g a l  counsel o r  t he  ELectrical  Mcnufacturers Association 

Chairman Elason: 
t o  c a l i b r a t e  a 250 kv un i t ?  

In  the  X-ray industry, who erranges f o r  the  c e r t i f i e d  phys ic i s t s  

Mr. Remolds: 
it as a service.  

A r ad io log i s t  may do it o r  they may request t he  manufacturer t o  do 

Dr. Lofstrom: 
t o  t h e  a l loca t ion  committee by t h e  manufacturer or  the user  before t h e  u n i t  can 
be purchased? 

Does this pol icy  imply that t h e  c e r t i f i c a t i o n  w i l l  be submitted 

* Mr. Reynolds is re fe r r ing  t o  the  o r i g i n a l  inclusion of B-3 as A-3. 
r sv ised  t h e  request. 
Reynolds discussion because it is per t ine&,  t o  the  e n t i r e  problem. 
note - Harmon) 

The I1Ex: k s  

(Ed i to r ' s  
We use the  final versfon t o  save space but include Nr. 
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C h a i m n  Mason: 
Commission would expect t h e  agreement t o  bc m e t .  

D r .  Aebersold: 
you would want t o  make a record of a l l  t he  survey. 
t o  &e t he  survey twice. 
manufacturers, I believe t h a t  rad io logis t s  buying t h e  equipment would want t o  know 
t h a t  it meets t h e  xuinimun standards set  f o r t h  i n  Handbook 54. 
Form 313 t he re  must be a pos i t ive  statement that a r ad ia t ion  survey w i l l  be made 
and by whom. 

An agreement t h a t  it s h a l l  be done w i l l  be sa t i s fac tory .  The 

It seems t o  be a matter of record t h a t  having one of the  mchines  
I don ' t  think it is necessary 

In respect  t o  the  l e g a l  angle t h a t  i s  worrying t h e  

I n  f i l l i n g  out  AEE 

M r .  Remolds: 

Dr. Aebersold: 
lowing statement on the d i s t r i b u t i o n  policy for high spec i f i c  activity cobal t  60 
sources : 

This sheet, perhaps, i s  a guide f o r  the preparat ion of Form 313. 

Yes, I would tMnk SO. I wish t o  c a l l  your a t t e n t i o n  t o  the  fol-  

(A discussion of t h e  pol icy statement, d i s t r ibu ted  a t  t h e  meeting, showed the  
necessi ty  of f u r t h e r  c l a r i f i c a t i o n  on p r i o r i t i e s  held by commercial suppliers.  
A t  t h e  suggestion of  t h e  US-AM: t h e  following revised statement replaces t h e  pol icy 
statement d i s t r ibu ted  a t  t h e  meeting.. . . . . .M. Brucer) 

DISTRIBUTION POLICY FOR HIGH SPECIFIC ACTIVITY COBALT 60 S O U i E S  

Subject t o  a v a i l a b i l i t g ,  cobal t  60 te le therapy sources w i l l  be supplied t o  
meet t h e  demand of individual  domestic users  (commercial suppl ie rs  see below) who 
possess authorizat ions dated p r io r  t o  Ju ly  1, 1954, and who purchase the  source 
and ind ica t e  that they are prepared t o  take de l ivery  within six months a f t e r  
n o t i f i c a t i o n  by ORNL of ava i l ab i l i t y .  Should a source be purchasad but not de- 
l ivered  within the  spec i f ied  six months period, t he  AEC reserves  the  r i g h t  t o  
d i r e c t  ORNL t o  repurchase t h a  source a t  the decayed l e v e l  and r e d i s t r i b u t e  it. 

A l l  orders  f o r  export  t o  foreign countr ies  whose na t iona ls  hold authoriza- 
t i o n s  dated p r i o r  t o  July 1, 1954, w i l l  be f i l l e d  (subjcct  t o  mai labi l i ty)  a f t e r  
orders from individual  domestic users  holding authorizat ions p r i o r  t o  July 1, 1954, 
but p r i o r  t o  f i l l i n g  domestic orders from customers authorized a f t e r  July 1, 1954. 
A t  such a time as a source i s  purchased f o r  export, shipment must be arrenged with- 
i n  three months of  da te  of no t i f i ca t ion  of ava i l ab i l i t y .  If shipping arrvlgcmcnts 
a r e  not made w i t h i n  this period, t he  AEC reserves  the  r igh t  t o  d i r e c t  aRhT t o  
repurchase t h e  source a t  t h s  decayed l e v e l  and r ed i s t r ibu te  it. 

Commercial suppl ie rs  holding p r i o r i t y  on five sources, i n  order t o  obta in  
de l ivery  of such sources, must have individual  domestic users  who hold an authori-  
zat ion dated p r i o r  t o  July 1, 1954, and who have purchased and indicated t o  ORNL 
that they are prepared t o  take  de l ivery  of  the  source within s ix  months after 
n o t i f i c a t i o n  of ava i l ab i l i t y .  Between July 1 and Octobor 1 commercid. suppl ie rs  
of te le therapy  equipment w i l l  have 2 final opportunity t o  secure firm customer 
purchase orders and authorizat ions f o r  those remaining sources (o f  t h e  f ivo)  . 

After  October 1, 1954, all orders f o r  high spec i f i c  a c t i v i t y  cobalt  60 
w i l l  be f i l l ed  according t o  t h e  da te  on which ORNL received t h e  u s e r l s  mthor iza-  
t i o n  and purchase order, provided tht such custoaer shall purchase end t2ke 
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del ivery  of the sourcc upon i t s  ava i l ab i l i t y .  

Commercial suppliers will dopcnd upon the  authorizat ion of individual  
customers f o r  the  availability of high spec i f i c  activity cobal t  f o r  their devices. 



GiSEXEIAL DATA A MNUFACTUREE MUST SUPPLY TO THE RADIOLOGIST 

J. B. Stickney 
Engineering Department 

Picker X-ray Corporation 

I bel ieve I can be qu i t e  b r i e f  i n  s t a t i n g  our views i n  the  matter of d a t a  
supplied with a cobal t  unit. 
and f o r  t h e  bene f i t  of those present who a r e  not familiar with the  general 
prac t ices  of t he  x-ray industry,  I might just l i s t  these standard items. 

Some d a t a  i s ,  of  course, standard with any machine, 

A. I n s t a l l a t i o n  Data 

1. 
2. 

3. 

4.  

5 .  

Fhysical dimensions of  t he  equipment and recommended room size. 
Floor loading and any other  unusual. mechanical problems such a s  
minimum door size. 
members arouod corners o r  through narrow passageways. 
qu i t e  a problem with k i locu r i e  cobal t  units. 
The e l e c t r i c a l  reqtlirements w i l l  have t o  be l i s t e d  i n  some de ta i l .  
'de customarily spec i fy  type and loca t ion  of service inlet ,  fuse 
s i zes ,  junct ion box s i z e s  and locat ions,  loca t ion  a-rld s i z e  of con- 
d u i t  nunber and s i ze  o f  w i r e s  in cordui t  between the  treatment room 
and the  cont ro l  room, spec i f ica t ions  f o r  door in te r lock  switches, 
warning lights o r  buzzers. 
We w i l l  suggest the  room protect ion which should be i n s t a l l e d .  I 
w i l l  comment i n  d e t a i l  on t h i s  point la ter ,  but I should l i k e  t o  
emphasize t h a t  t h i s  data is merely a suggestion, an6 it is  not 
expected t h a t  t h e  customer w i l l  use it without modi3cation. 
On request  we w i l l  a l so  go so f a r  as t o  l a y  out  a complete x-ray 
department o r  s ec t ion  showicg the  loca t ion  and s i zes  of waiting 
rooms, dress ing  rooms, o f f i ces ,  etc. 

There may perhaps be a problem o f  ge t t ing  long 
Weight i s  

B. Operating Data 

1. 

2. 
3. 
4 .  
5.  

6. 

We w i l l  supply t h e  necessary warning l i t e r a t u r e .  This includes a 
stat-eiit that  the  equipment i s  f o r  use by o r  on the  prescr ip t ion  
of a physician, and a l s o  such spec ia l  r.rar,nings as may be necessary 
f o r  a p a r t i c u l u  machine. For t he  cobal t  machine we w i l l  include 
a spec ia l  statement regarding the hazard i n  using radioact ive 
materials. We w i l l  a l s o  include the  e n t i r e  Xvldbook 54 trhen it is 
published 
Ca ta i l s  of  source capsule and sh ie ld ,  as required by Handbook 54. 
Operating Instructions.  
Lubrication, rou t ine  maintenance data, an2 roritine s a f e t y  inspection. 
Bnergency procedmes. 
repea t  it. 
Repair da ta  i s  a lso  included i n  o u r  i n s t ruc t ion  manual, but  it is  
general ly  not  expected t h a t  t he  custcmer w i l l  make use of t h i s  him- 
s e l f ,  but w i l l  r a t h e r  employ the  services  of a regular  r e p a i r  man. 

Most of this i s  already i n  HB 54, but w e  will 

We come now t o  t h e  debatable pa r t  - t he  r ad ia t ion  dzta. I should begin by 
p o k t i n g  out  a ,-olicy of o u r s ,  
the x-ray industry.  

A ro l icy ,  which I bel ieve is widely accepted in 
We bel ieve th;Lt the r e spons ib i l i t y  f o r  t he  adminis t ra t ion of 
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a safe dose r e s t s  en t i r e ly  on the radiologist .  
out what comes out of h i s  machine, and to  check it periodically. 
may run ca l ibra t ion  da ta  on output, depth dose, and isodose curves for  h i s  own 
information, fo r  use i n  advertising o r  sa les  promotion; however, it is recognized 
tha t  such da ta  is merely typical ,  and is not t o  be used i n  connection with the 
treatment of a patient.  
because t o  do so  would be t o  encourage its use without fur ther  checking, and t h i s  
seems very risky. 

It is  h i s  responsibi l i ty  t o  f ind  
The manufacturer 

We w i l l ,  thersfore,  not furnish our data  with the  machine, 

Our posit ion here i s  somewhat analagous t o  t h a t  of a drug manufacturer. In 
administering drugs,  a physician almost always makes sure t ha t  the exact measure- 
ment of the  s i ze  of  the dose is carried out by a registered @arnacis t  o r  other  
qualified expert. 
t o  insure against  accident through administration of improper dose. Similarly,  
we f e e l  t h a t  the  physician should employ the  services of a registered physicist  
o r  other independent expert t o  measure the output of h i s  x-ray equipment. 
l e s s  t o  say, we w i l l  argue with a physicist  who gets output readings subs tan t ia l ly  
d i f fe ren t  from ours; nevertheless, we w i l l  accept h i s  findings as the f i n a l  word. 
The medical profession apparently agrees with t h i s  policy. 
exemplified i n  the prohibit ion agaimt members of commercial firms becoming re- 
gistered ca l ibrz t ion  physicis ts  . 
fee l ing  that manufacturers ca l ibra t ion  d a t a  may be biased i n  favor of making the 
equipment look good. 
human life, the  a t t i t u d e  is probably jus t i f ied .  
c i s t  who determines not only the quantity, but a l s o  the qual i ty  of the drug being 
dispensed, we f e e l  t ha t  the physicist  cal ibrat ixg our  equipment should determine 
not only the roentgen output, but also the half-value-layer and such other per- 
t i nen t  data  as depth dose, isodose curves, and var ia t ion of the output with f i e l d  
size.  
medical profession since every manufacturer's machine w i l l  be d i f fe ren t ,  and it 
w i l l  be impossible t o  use standard published handbook data. It i s  apparent how 
much var ia t ion there w i l l  be when one considers the mul t ip l ic i ty  of  source diaiaeters 
and collimating devices which a re  already in use. The associated var ia t ions in 
penumbra w i l l  make considerable differences i n  the shape of the isodose curves; 
and, therefore,  some w i l l  thin!< tha t  the manufacturer ought to  supply such curves 
with h i s  par t icular  unit .  I think t h i s  ar,aument is not suf f ic ien t ly  convincing 
though, and w e  w i l l  even here avoid sending out our own data. 
make an e f f o r t  t o  supply typ ica l  data obtained independently by recognized autho- 
r i t i e s  . 

Most s t a t e  laws require t h a t  drugs  be handled in t h i s  fashion 

Need- 

Their a t t i t u d e  i s  

This prohibition i s  undoubtedly based on the 

This i s  hard t o  swallow, but when one is  dealing with 
A s  i n  the case o f  the pharma- 

In the case of the isodose curves, I expect t o  get some argument from the 

We w i l l ,  of course, 

I think it w i l l  now be evident why we w i l l  not specify room protection de- 
sign. We w i l l ,  as I said,  show typical  ins ta l la t ions  with typical  w a l l  thiclmesses, 
but w e  w i l l  always ask t h a t  the actual  thicknesses and window thickness be speci- 
f i ed  by the  radiologis t  o r  physicist  in charge. 
we w i l l  make an abbreviated survey ai' the radiat ion protection, and w i l l  caution 
the radiologis t  if we f ind anything wrong; but, we w i l l  not put ourselves in the  
posi t ion of approving the  rad ia t ion  safety of the in s t a l l a t ion ,  

Cn completion o f  an ins ta l la t ion ,  



ESEXCIRL DATA A RADIOLOGIST NUST GFT 
FROM THZ XAIXTFACTURIB OF COBALT THERAPY UNITS 

James E. Lofstaom, M.D. 
Wayne University 

I f ind myself in a very interest ing position in appearing a t  t h i s  par t icular  
Certainly t h i s  task is  going to  be very easy a f t e r  aU. the d i scuss im to- point. 

day; and perhaps I should say amen t o  what y&. Stickney has delivered t o  this group; 
but never l e t  it be s a i d  that a radiologist  would take it lying down without asking 
f o r  something i n  addition t o  w h a t  Fndustry would like t o  supply. 

I was ra ther  bemused when D r .  Brucsr asked me t o  present t he  radiologis t ' s  
D r .  point of view, because he outlined by h p l i c a t i o n  about how f a r  I should go, 

Weer seemed t o  f e e l  t h a t  I would not be too demanding on industry. 
hand D r ,  Srucer realized t h a t  he would probably need a l l  the help he could ge t ;  
therefore,  I shall a t  l e a s t  ask f o r  qu i t s  a few things and prec ip i ta te  some d i s -  
cussions. 

Q the other 

We must bear i n  m i n d  t h a t  a l l  of the purchasers of  teletherapy equipment 
a re  not going to be blessed with the f u l l  time services of a f i r s t  c lass  physicist. 
Some w i l l  have well  trained individuals t o  carry out tests and surveys; others 
w i l l  have t o  employ a physicist ,  and others w i l l  use noderatsly trained physicists 
who w i l l  attempt to  do an adequate job, It is readi ly  seen that it becones hard 
to  draw a l i n e  i n  determining a l l  the data  tha t  one should have. Certainly, the 
radiologis ts ,  i n  purchasing any radiotherapeutic equiyent ,  a r e  accustomed to  
accepting the basic information tha t  W .  Stickney outlined, and I would not want 
t o  go into t h a t  any fur ther .  
of Mr. Stickney's recommendations, and s t a t e  my own personal point of view, 

Bovever, I would like to  br ins  up some of the aspects 

Suppose I have placed an order f o r  a teletherapy uni t  and am ant ic ipat ing 
I would l i k e  to  be very ce r t a in  tha t  the manufacturer 

Radiologists cer ta inly are not in a posit ion 

its clinical application. 
has met the  protection standards of Handbook 54 and tha t  the source material  also 
meets all o f  those specifications.  
t o  break down the un i t  t o  determine the primary aspects of t h i s  source capsule. 
The radiologis t  a lso  m s t  have a ce r t i f i ca t ion  of the u n i t  assuring its conformance 
to  the  minimum standard. 

As a ra6iologis-t I would l i k e  to  have available a s e t  of isodose curves 
around the machine so t h a t  greater protection could be given to  personnel a t  the 
outset. 
working around the machine, I think it would be worth while t o  have some fundamentd 
kmwledge o f  the radiat ion around the unit. 
the f a c t  tha t  the curiage and roentgenage does not const i tute  a final guarantee by 
the manufacturer . 

If there is  an in te rva l  between the a r r i v a l  o f  a physicist  and personnel 

The radiologis t  may have to  accept 

I want t o  go back t o  t h i s  morning when there w a s  a very generous o f f e r  of  
the rhm information, and which was immediately turned down. The radiologis t  is 
ent i t led  to t h i s  information j u s t  as much as is  the manufacturer; and certainly 
Ff he is presumed to  be in t e l l i gen t  enough t o  operate h i s  piece of equipment, he 
must also be presumed to have the  knowledge t h a t  the rhm values a re  not  t he  f i n a l  
au thor i ta t ive  ra t ing  which he is going t o  be using cl inical ly .  However the  3RXL 
rhm values would cer ta in ly  be o f  tremenCous assistance and would add t o  the con- 
fidence of  the radiologis t  3 f  he c d i b r a t e s  the equ ipen t  himself, o r  if he has 
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Present ly  ex is t ing  da ta  do not show whether t h e  ( p , d  cross  sect ions o r  t h e  
sum of (p,2n) and (p,pn) cross  soctions i s  greater .  
n current  s tud ies  t o  be grea te r  and i n  that event t h e  use of enriched t a r g e t  

d a t e r i a l  w i l l  be economical f o r  t he  production of decacurie quan t i t i c s  of Co 57.* 
The use of i so top ica l ly  enrichod nickel f o r  t a r g e t  material w i l l  then increase 
production rates of Co 57 and lower t he  ult imnte cost. 

Almost sure ly  one w i l l  be found 

The t h i r d  s tep,  fabr ica t ing  t a r g e t s  f o r  d i s s ipa t ion  of m c h  heat, has in- 
There volved many man-hours of research and dovolopment by t h e  cyclotron staff. 

has been s igni f icant  progress i n  t a r g e t  development under t h e  d i rec t ion  of John A. 
Martin. 
watts of  heat. 

Cyclotron t a r g e t s  have been fabricated which d i s s i p a t e  as much as 66 kilo- 

A typical t a r g e t  base i s  prepared i n  s teps  ES shown (Figure 7). Rcctangulcr 
s l o t s  3/32-inch wide are cut t o  within 3/32 inch of the  opposite surface of 2s 
aluminum p la t e  6 inches wide, 10 inches long, and 0.5 inches thick.  
welded bead c loses  each s l o t  t o  provide a water-cooling channel. Surfaces a r e  
machined near t h e  ends of t h e  channels f o r  blocks which f i t  against  gaskets on the  
t a g e t  water header, These blocks a s  Heliarc welded i n  place and have water 
passage holes d r i l l e d  i n  them. This f l a t  assembly i s  bent t o  the  radius  of curva- 
t u r e  of t h e  proton beam and t h e  blocks a r e  machined t o  p a r a l l e l  surfaces. 
t a r g e t  base i s  then ready f o r  appl icat ion of t he  cyclotron t a r g e t  material. 

A Heliarc- 

Tho 

Various tczrget materials have been applied by e lec t rople t ing ,  chemical 
plat ing,  flame spraying, d by cast ing i n  a shallow recessed area, I n  general ,  
where t h e  technique of  e lec t ropla t ing  has been developed, an electroplated surface 
i s  preferable.  

I n  preparation of a Co 57 t a rge t ,  t he  t a r g e t  base is f i r s t  electroplated 

High pu r i ty  natural 
with silver, so that t h e  aluminum base will be protected from t h e  hydrochloric acid 
used i n  the  s t r ipp ing  so lu t ion  during chemical processing. 
n icke l  i s  then plated onto t h e  si lver by a standard p la t ing  process. 

After assembly on t h e  water header, t he  t a r g e t  i s  placed i n  the  cyclotron f o r  
bombardment by 22-Mev protons. I n  order t o  d i s s ipa t e  a maximum of 33 k i lowat t s  of 
heat f o r  a beam of 1500 microamperes, t h e  coolant water i s  under a p r e s m e  of  l-40 
psi .  
t he  base, a good heat t r a n s f e r  bond, and s u f f i c i e n t  water flow. 
these fails, t a r g e t  material i s  vaporized or  melted away, r e q u i r i i g  the  machine t o  
be snut down f o r  i n s t a l l a t i o n  of a new t a r g e t  and possibly a major clean-up of t h e  
machine . 

It is  necessary t h a t  t he re  be a good mechanical bond of t a rge t  material t o  
If any one of 

After t h e  t a r g e t  i s  bombarded i n  t h e  cyclotron, it is  highly radioact ive 
because of both the  desired and t he  unwanted shorter-lived a c t i v i t i e s .  
is  removed from the  machine by spec ia l  remote handling equipment and s tored i n  a 
shieldod p i t  f o r  decay of short-lived a c t i v i t i e s ,  i n  t h e  case of Co 57 production 
f o r  t he  decay of 36-hour Ni 57, 12-hour Cu 64, and others. 

The t a r g e t  

* Study conducted with t h e  S tab le  I s o t o p s  Research and Development Division of 
t h e  O a k  Ridge National Laboratory. 
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2) 

3 )  
4 )  Bombarding t a rge t  i n  cyclotron. 
5) 
6) Chemical processing. 
7 )  Designing and fabricating source. 

Determining process(es) by which the isotope may be made most e f f ie ien t -  

Fabricating ta rge t  fo r  diss ipat ion of much heat. 

Handling hot t a rge t  pr ior  t o  chemical processing. 

Is, e.g.9 ( P d ,  (PYk), ( P , P d ,  ( P t d .  

Recent i n t e re s t  i n  considering cer ta in  radioisotopes f o r  large-yield pro- 
duction on the  86-inch cyclotron has demonstrated tha t  the  f i r s t  s tep  is  t o  
careful ly  check exis t ing nuclear data. 
grossly i n  error. 

Some data are  subtly i n  error ;  some a re  
There a r e  numerous ommissions. 

An example of gross e r ror  i s  data sham f o r  V 49 on the General Electr ic  
Chart of the Nuclides (Figure 4 )  and in available l i t e ra ture .  
V 49 on the  chart  looks promising; It has a good half l i f e ,  is a soft-gamma emitter, 
should be made with high yield by protons on natural chromium, and could be produced 
simultaneously with regular production runs of Mn 52, Mn 54, and Cr 51 t o  share 
production costs with them. 
that 1) there  i s  no soft-g- radiat ion at  a l l  i n  V 49, 2) there probably a r e  
charac te r i s t ic  X rays from K-electron capture, and 3 )  the  half l i f e  is  not mcessar- 
i l y  600 days. 
i s  obtained. 

For te leradiat ion,  

We believe, however, t ha t  w e  have preliminary evidence 

Therefore, V 49 must be discounted unt i l  more r e l i ab le  information 

An example of subt le  error i s  Co 57. Cur group was interested i n  c o  57 
(Figure 5 )  as a positron emitter f o r  possible medical usage. 
the positron t o  be only 3 per cent abundant per disintegration. 
study i n  Oak Ridge National Laboratory by W. S. Lyon has shown the positron t o  be 
0.3 pel: cent per disintegration. 
emission destroyed our i n t e re s t  i n  Co 57 f o r  i ts  positron value, but opened new 
areas of  poss ib i l i ty  f o r  application, te le rad ia t ion  and soft-gamma radiography. 

be given f o r  holmium, terbium, gold, platinum, and other isotopes on the neutron 
def ic ient  s ide of the s t a b i l i t y  l i n e  shown on the General. Electr ic  C h a r t  of the 
Nuclides . 

The literRtm-e shows 
However, closer 

The discovery of t h i s  low percentage of positron 

Similar examples of e r ror  and ommission and possible new applications could 

These examples emphasize a note of optimism; when dl cyclotron-produced 
radioisotopes a re  re-examined f o r  half l i f e ,  emitted radiation, and decay scheme, 
surely other in te res t ing  poss ib i l i t i e s  f o r  te leradiat ion w i l l  be found. 

The second s t ep  i n  production of a given radioisotope i n  curie quant i t ies  
i s  determination of t he  most e f f i c i en t  production nethod, which involves accurate 
experimental values of proton cross sections. Co 57, f o r  example, can be made by 
a t  l e a s t  four processes (continued use of Figure 5): 
(p,(X) on Ni 60, and (p,n) on Fe 57. The l a t t e r  i s  undesirable f o r  t h e e  reasons: 
1) t h e  (p,n) cross sect ion on Fe 57 is  l e s s  than the SUE of other possible reack 
t ions,  2) the natural abundance of 7 s  57 is  low, and 3 )  Co 56 with hard gammas would 
be produced along with Go 57. Co 57 is most econonically produced simdtaneously 
by t he  three former reactions (Figcre 6 ) .  
based on experimental @el6 from thzse three reactions. 

(pp 2n) and (p,pn) on N i  58, 

Produsion r a t e s  i n  t E s  discussion -e 
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The f i r s t  radioisotope production from e nuclear reac tor  i n  the  1940rs gcve 
ea r ly  ind ica t ion  t h a t  t h e  nuclecr reac tor  would become tho  major producer of rndio- 
isotopes where k g o  q u m t i t i c s  of a c t i v i t y  are required,  
s c i e n t i s t s  soon turned t o  reactor-produced radioisotopes, subs t i tu t ing  then f o r  
cyclotron products, 

B i o l o g i c d  and n e d i c d  

The cyclotron i n  subsequent years became known, by comparison, as an excec2- 
Two very important advmtages of h g l y  d i f f i c u l t  means of producing radioisotopes,  

t h e  cyclotron were v i r t u a l l y  overlooked: 
isotopes with ce r t e in  important half l ives and r ad ia t ion  cha rac t e r i s t i c s  which 
cannot be reactor-produced, and 2) that a cyclotron can i n  mang cases pro5uce a 
much higher specFfic Eictivity then t h e  reac tor  f o r  radioisotopes of simila charac- 
t e r i s t i c s .  

1) that t h e  oycl6tron can produco rad io -  

I n  1949, plans were i n t i c t c d  a t  t h e  O a k  Ridge National Laboratwy f o r  devel- 
opment and construction of a high cur ren t  proton cyclotron which could produce 
radioLsotopes of long  half l i f e  i n  Pore reasomble i r r a d i a t i o n  tincs than machines 
then i n  existence. These plans were cchieved under t h e  d i r ec t ion  of Robert S. 
Livingston of ORNL i n  t h e  86-inch cyclotron which was put i n t o  operation i n  1950. 
I n  very recent  months it has become appwent  that t h e  Oak Ridge National Labor- 
atory's  86-inch cyc lo t rm,  with present-day operation, fo recas t s  ce r t z fn  cycht r9n-  
produced radioisotopes which my becone econonically useful f o r  t e le rad ia t ion .  The 
f i e l d  of t e lo rad ia t ion  (with that of i n d u s t r i a l  radiogrcphy) , requiring decscurie 
and possible  hectocurie sources, i s  t h e  nost  d i f f i c u l t  of a l l  f o r  t he  cyclotron t o  
serve. 
i o n t  demand f o r  c e r t a i n  radioisotopes.  

Yet, today, t h e  outlook is  q u i t e  o p t i n i s t i c  i f  the re  should develop suffic- 

The ORNL 86-inch cyclotron i s  tho  o,dy knam cyclctron i n  the  uorl? Zesipned 
and developed t o  be a high-current proton accelerator  f o r  large p r d u c t i o n  c q a c i t y  
of radioisotopes as well as t o  be a basic  research too l ,  
mchine  acce lera tes  protons t o  over 22 reil l ion e lec t ron  v o l t s  with bems on t h e  
t a r g e t  consistonly averaging 1000 microamperes on production runs of  20-50 hours. 
Currents o f  U+OO microamperes have been achieved f o r  several. hours duration, 
ThicknQss of t ho  dees and i n t e n s i t y  of t ho  magnetic f i e l d  i n  t h i s  machine =e more 
favorable than i n  nos t  o ther  nachines f o r  t h e  generation of la rge  proton currents  
and f o r  t he  i n s t a l l a t i o n  of t a r g e t s  su i t ab ly  designed fclr tho  d i s s ipa t ion  of l a rge  
mounts  of  heat. 
c! c t a i l  , 

TFLs fixed-frequency 

Tarpets an6 hcat d i s s ipa t ion  w i l l  be discussed la te r  i n  narc 

The 86-inch cyclotron uses a U-shcpcd mgnct  yoko v i t h  a h o r i z m t a l l y  
orionted magnetic f i e ld .  im artist's cutaway sketch (Figure 2) shows thG machine's 
ion  source, vertically suspended dees, t a r g e t  h cos i t i on  n t  t h e  bottom of t h e  dees, 
PZCUUD puqs and other  conpoients. 

Procedures used wi th  tho  cyclotron f o r  producing a new source f o r  tele- 
r ad ia t ion  w i l l  bQ discussed sa that you w i l l  not only cppreciate  ayclotron problem 
but a l s o  s o  that you m y  use them cs _&de f o r  f'uture reference,  
3 )  may give assistance i n  cyclotron terninology by conparison with that for a 
reac tor ,  Steps i n  producing a new radioisotope on t h e  86-inch cyclotron are: 

A chart ( F i v e  

1) Checking of ex i s t ing  a?d/or obtaining new nuclear data ,  e,g,, half lue, 
r ad ia t ions  emitted, decay scheme. 
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Y&crgy, MeV 
Abundance, %/ais8 

co 57 Co 56 

270 days 80 days 

/jfEnergy, MeV 0.26 
Abundance, %/diS O o  3 

Electron capture 
( K )  %/diS 8 100 

Specific ac t iv i ty ,  
curies/gram f-4 1000 

Activity produced 
curies 

3-25 
23 

Not important 

-1coo 
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I r rad iz t ion  time, hrs 36 30 

Production r a t e ,  mc/hr 50 73 03 

* Estimated activity based on previous run. 



NE4 SCURCES FOR T E T 2 E l D I L T I O N  - CYCLOTRON PRODUCED 

Fmno L. Green 
EZectronuc1ec.r Research Division 

@ak Ridge National Laboratory 

A l l  previous discussions i n  this conforonce and p r i o r  conforences on tc lo-  
therapy have been on reactor-produced redioisotopes used i n  t e l e m d i a t i o n  sources. 
We have been inv i ted  t o  descr ibe several ava i lab le  cyclotron-produced r a d i o i s o t o p s ,  
t o  discuss  t h e  background and problons of cyclotron radioisotope- prcduction and t o  
p red ic t  t h e  p o s s i b i l i t i e s  of  making other  source isotopes with the  cyclotron. 

Two gamma emitters which my extend the  energy range of t e lo rad ia t ion  hcvo 
been producod with t h e  O a k  Ridge Nat iond  Laboratory*s 86-inch cyclotron. These 
m e :  Co 57 (half life 270 dzys) which emits 120-kev g m a s  a t  a rate of - 65 per 
cont per d i s in t eg ra t ion  and has no other  r ad ia t ion  of importance; and Co 56 (hclf  
l i f e  80 days) which has a high energy gamma s p e c t m  with s ign i f i can t  abundmces 
of 2,5 - 3.25-Mev g m a s  (Figure 1). 
with s p e c i f i c  a c t i v i t i e s  of approximxtely 1000 curies per  gram. Curie q u m t i t i e s  
have been produced i n  less than 25 hours of cyclotron i r r e d i a t i o n  tine. 
shor t  production tines are recent  cyclotron achievements, I n  1940, it would hzve 
been vir tual ly  inpossible  t o  produce curie quan t i t i e s  of Co 57 and Co 56 with my 
cyclotron i n  oxistence. &en i n  1950, before t h e  %-inch cyclotron wes avz i lcb le  
f o r  such productions, these  quan t i t i e s  would probably have required continuous 
cyclotron operation dcy and night f o r  weeks. 
and Co 56 f o r  i l l u s t r a t i o n  of t yp ica l  procedures involved i n  cyclotron prcducticn 
of radioisotopes,  and w i l l  ind icz te  how aclditional basic  s c i e n t i f i c  data 2nd. iy- 
proved design and technolf3gy may F r m i d e  radioisotopes for new t e l e r a t i a t i o n  sources 
within t h e  next few years.  

Those two cobalt  isotopes can bo produce? 

These 

T h i s  d iscussion today w i l l  use Co 57 

A sketch of cyclotron h i s t o r y  and radioisotope prcduction nay be of i n t e r e s t .  
I n  1930 t h e  cyclotron Fr inc ip le  of accelerct ing pratons was announced by E. 0. 
Lawrence t o  be of importance f o r  studying nuclear propert ies  of atoms. During t h e  
next decade many rad ioac t ive  nuclear spocies were produced by cyclotrons and other  
machines which accelercted protons, deuterons, end alpha par t ic les .  
a c t i v e  nuc le i  ( radioisotopes)  yielded t h e o r e t i c a l  i n f o r m t i o n  and were inmediately 
found t o  be p r a c t i c a l  f o r  appl icct ion i n  t h e  f i o l d s  of b i o l o G  and medicine. 
1939 a t  least two out of a m b e r  of  ex is t i ng  cyclotrons, t h e  Eerkeby 60-inch 
cyclotron a d  t h e  cyclotron of t he  Biochenical Research Foundation, were producing 
rzdioisotopes f o r  a id  t o  these  two f i e l d s .  

These rcdio- 

By 

Three pr inc ip le  techniques f o r  appl ica t ion  of radioisotoFes t o  b io logica l  
and medica l  problems were i n  use during 1942: 1) adxdnistrat ion of  su i t cb le  chen- 
i ca l  compounds as tracers, 2) autoradiography, and 3 )  tho  "fn vivo" i r rEd ia t ion  of 
tissues. A f e w  radioisotopes such QS radiophosphorus, radiocalciun, snd radio- 
strontium, were being invest igated as possible  therapeut ic  agents f o r  cancer i n  
var ious RnImFll systems, including the  hunan, by selective uptdse of radiochemicals. 
Examples of encouraging results wero th s se  of  radiophasphorus uptake and therapy 
i n  cases of  chronic myelogenous leukenla and chronic lymphatic lsukcmia. 
d.1 s tudies  which were being pursued with cyclotron-produced radioisotopes were 
exceedingly d i f f i c u l t  because cyclotron bonbzrdnents of  m n y  hours durat ion pro- 
duced o n l y  nicrocisrie and mi l l i cu r i e  q u m t i t i e s  of  usable radioact ive products. 

However, 
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Tho neutron ect ivct ion of nztural  ouropium, composed of  the two isotopes 151 

Howevsr, reaont data  on the thermal neutron 
and 153, t o  y i d d  the  radioisotopes 152 and 154, appeared t o  be very promising f o r  
the preparation of teletherepy sources. 
capture cross sections of  europiun isotopes have bem used t o  m k e  cclculztions 
vhich show tha t  the max- specif ic  a c t i v i t y  obtainable is r e l a t ive ly  low. 
decay schenes of europium 152 and 154 are  not well estcblished and the other nucleLar 
data =e likewise i n  doubt; thorefore, theso cdculc t ions  m e  subject t o  revision. 
The average half-life f o r  t he  two isotopes is reported t o  be between 12 m d  16 yeus .  
With a t h e m 1  neutron f l u x  of 1013, tho miximum specif ic  a c t i v i t y  of  27 curies  per  
g r m  of europium metal occurs a t  0.86 years; a t  Q flux of la, the EW&TZUD spec i f ic  
a c t i v i t y  of 28.6 curies per gram occurs a t  0.088 years. 
sbwed the neutron econony t o  be low. 
t i n e s  as nany neutrons as is needed to produce the same number of curies of cobalt  
60. An e,xperimental program i s  i n  progress t o  check these calculated values. 

The 

The calculetions d s o  
For exanple, europium requires &gilt 8.5 



N l M  SOURCES FOR TELERADIATION 
PILLPRODUCED 

T .  A.  Butler 
Radioisotope Department 

Oak Ridge National Laboratory 

D r .  Brucer: 
far. 
of t h e  speculation i s  very useful t o  us and t o  some of t h e  ORNL people who a r e  
thinking up p o s s i b i l i t i e s  f o r  producing some newer sources. 
main places t o  g e t  rad ioac t ive  isotopes. 
i n  second place is  t h e  cyclotron. 
pr inc ip le  that if we have both of these groups competing with each other  w e  might 
g e t  some place. In order  t o  start these discussions,  we asked Mr. Butler of ORNL 
t o  t a l k  about some of t h e  problems of pile-produced isotopes. Mr. Green i s  going 
t o  t a l k  about some of t h e  problems associated with cyclotron-produced isotopes.  

M r .  Butler:  Tuesday of this week, t h e  O a k  Ridge National Laboratory released a 
news i t e m  concerning t h e  completion of a cesium 137 teletherapy source by the  
Radioisotope Department. 
m a t o r i a l ;  however, t h i s  i s  by far  the  l a r g e s t  sourcs prepared and Will permit an 
evaluation of cesium 137 as a deep thcrapy gamma source. 
1540-curie uni t  f o r  observation before t ransfer r ing  it t o  D r .  Brucer sometime i n  
July f o r  his r o t a t i o n a l  te le therapy  uni t .  

V e  have been exceedingly p r a c t i c a l  a l l  t h e  way t h o u g h  this meeting s o  
The next two talks and discussions w i l l  begin t o  speculate,  and I think some 

There are s t i l l  two 
The p i l e  i s  t h e  IJo. 1 source of sources; 

Some of us i n  Oak Ridge are following t h e  

The source can hard ly  be c l a s s i f i e d  as a new taletherapy 

-de cre noti holding this 

Ancthcr fission-product isotope which we a re  working on i s  cerium I&. 
5he f i s s i g n  process, cer'ium isotopes U O ,  l4l, l42, and If& arc produced. O f  these 
i so tones ,  U+O and I42 are s t s b l e ;  l&L has a half  l i f e  of 30 days and 1u. has a half 
l i f e  of 275 days. 
en2rg.j r m g o  of 34 t o  145 kev. It i s  reported t h a t  th:> pr~.ssod.pxim L!& dzughtcr of 
cerium l4.4 has three s t rong g a m  rays of 0.695, 1.48 and 2.19 Mcv cner r j ,  but these 
amount t o  two per  cent  o r  lcss of th3 t o t a l  d i s in tegrc t ions ,  
t h a t  fission-produced cerium w i l l  be usoful f o r  deep therapy zp?lications,  but high 
spec i f i c  a c t i v i t y  sources could be prepared which would u t i l i z e  the  we& garma 
r cd ia t ion  f o r  other purposes. 

I n  

The predomirmte gamma emission from 50th i e o t o y x  i s  i n  the  

It sccms iraprobable 

Another rzdioisotope produced i n  f i s s i o n  which mcy be of  i n t a r e s t  i s  ruthen- 
ium lCf3, which hcs a half l i f e  of one gear, and ruthenium 1039 w h i c h  has a hclf  l i f e  
of 40 days. 
101, 102, and l@4 me. obtained. 
ruthenium 1% have gamnz eaiss ions rznging i n  energy from 0.5 t o  2.4 Msv. 
mental sources are being prepwed a t  OKfL. 

I n  addi t ion  t o  these ac t ive  isotopes,  stc.Sla ru then im isotopes 99, 
Ruthenium 103 and tho rhodium lC6 daughter of 

Experi- 

Some i n t e r e s t  hes been e-xpressed i n  obtaining sources prepcrcd from wedc 
gamme ray emi t te rs  f o r  use z s  portcble X-ray devices. 
are considering f o r  such use =e zenon 133, europium 155 and auiericim 24l, a l l  
products of f i s s ion ,  m d  thulium 170 obteined by thermal neutron cc t iva t ion  of 
natural  thulium 169. 
ence, has received t h e  zost gt tont ion  and we expect t o  &e scch sources cvz i lab le  
t o  indus t ry  and t o  t he  medical profession if t h r e  is  s u f f i c i e n t  i n t e r e s t  i n  then. 

Among t h e  radioisotopos we 

Thulium 170, which h s  been mentioned eml ie r  i n  this confer- 



be worked out i n  connection with the calorimetric cal ibrat ion of radiction beam 
and calorimetric ca l ibra t ion  of ion chamber dose meters i n  m d s ,  it does appear 
t ha t  p rac t ica l  dose measurements w i l l  s t i l l  be made with a i r  ionization chambers. 

The f u t u c  of this f i e l d  c a l l s  f o r  increasing use of radiat ion physicists 
and r igh t ly  so. 
f inds  the  radiat ion physicist  spending nost of his t i no  designing and building 
instruments. 

It does pose a severe problem t o  the instrument m u f a c t u r e r  who 
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pressure variations,  humidity, etc. For work i n  a water phantom, o r  i n  the humid 
t ropics ,  o r  a t  high a l t i t cdes  it is  par t icular ly  desirable to  have hermetically 
sealed probes . 

The shortcomings of acme available instruments may be summarized: 

1. 

2. 

3. 

4. 

D. Future 

Radiation Fnduced leakage of condenser d ie lec t r ics .  

Size i s  too large f o r  some applications, especially the probe or 
condenser stem which i s  attached t o  the act ive volume. 

Accuracy. The problems on accuracy are  many. The fundamental 
d i f f i c u l t y  i s  that the  standard f o r  cobalt 60 and radium gamma 
rays i s  not w e l l  defined from the standpoint of  absolute accuracy 

Rel iabi l i ty .  
day operation and ease of servicing a t  the sacr i f ice  of accurzcy. 
The manufacturer who has t r i ed  t o  incorporste laboratory accuracy 
and v e r s a t i l i t y  i n  h i s  instruments has often found this reduced 
the day t o  day r e l i a b i l i t y  of the  instrument. A high degree of 
r e l i a b i l i t y  is  e s sen t i a l  i n  instruments 8s well as i n  the equip- 
ment of a teletherapy unit. 

A preference has developed f o r  dependable day t o  

Instrumentation. 

Future instrumentation w i l l  be based on changing needs not met by 
current ly  available and older equipment. 
t i ve ,  and unreliable. 

These were generally too large, insensi- 

New equipment will tend t o  be more re l iab le  and smaller. With increased 
r e l i a b i l i t y ,  prices w i l l  probably stay high or increase unless there is  a large 
increase i n  demand. Future instrumentation w i l l  be aimed a t  rcdioisotope te le -  
therapy needs and a t  the  needs f o r  betatron and higher energy therapy. 
connection with teletherapy, very small diameter probes ( 1/gS or l e s s )  w i l l  be 
required f o r  measuring isodose curves i n  air  and i n  phantom. It may prove desir-  
able t o  use a s c i n t i l l a t i o n  detector fo r  this. Because o f  t h e i r  s ize  these small 
probes w i l l  be sui table  only fo r  very intense beans. 
par t iau lar ly  desirable ta .haye hemet ica l ly  sealed probes. 
sealed probe a l so  has advantages fo r  use a t  a l l  a l t i t udes  2nd i n  the tropics.  
It appears qui te  feasibla  t o  manufacture an duminun-bodied, hemet ica l ly  sesled 
probe with a beryllium thimble. 
Zg?lication since it will transmit the  s o f t  scattered radiat ion quite well even 
i n  t h i c k x s s e s  required f o r  e lectronic  equilibrium. 

In 

For water phantoms it is  
The hemet ica l ly  

The beryll iuu is  pcr t icular ly  suited t o  t h i s  

Such c probe will be offered with a new r c t e  meter i n s t m e n t  which indicates 
the  instertaneous dose r a t e  i n  r/minute and a t  the same time integrEtes the  r a t e  
until a preset dose in roentgens is reached. 
disadvantages of present condenser type integrating instruments, m d  presents both 
r a t e  and t o t a l  dose. 

T h i s  instrument thus avoids the 

Future i n s t m s n t e t i o n  w i l l  r e f l e c t  t he  adoption of  the physical basis  of 
dose me?.surerr.snt (Fig. 5 )  i n  rzds o r  ergs per gram. While many problems remain t o  
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The major shortcoming of t he  condenser type in tegra t ing  dose meters i s  that 
t h e  d i e l e c t r i c  insu la t ion  of t h e  condenser becomes conducting during and a f t e r  
exposure t o  gemma rays. The nature of this e f f e c t  i s  not fu l ly  understood, though 
some work is  being done i n  d i f fe ren t  labora tor ies  and somo progress i s  being made. 
The e f f e c t  i s  noted t o  exh ib i t  a threshold (Fig. 4 )  and t o  be proportional t o  t h e  
t o t a l  dose. The threshold is r e l a t ed  t o  t h e  thickness of t he  d i e l e c t r i c  and t o  
t h e  highest  energy present i n  the  gamma radiat ion.  The threshold occurs a t  lower 
onergies as t h e  d i e l e c t r i c  thickness i s  reduced and at  higher energies as t h e  
thickness  of t he  d i e l e c t r i c  i s  increased. This effect i n  t h e  chambers used with 
t h e  Model 70 has been studied by Morgan and Chambers, FUWLBJ OF SCIENTIFIC IIGTRU- 
MEWS, page 938, October 1953, f o r  X-ray energies of 80, 200, 400, 1000, and 2000 
k i l o v o l t s  and f o r  t o t a l  doses ranging from 25 t o  2500 roentgens. 
leakage from 200 k i lovo l t s  o r  less f o r  a d i e l e c t r i c  thickness of 1/16 inch. They 
found leakage from energies of 400 k i lovo l t s  and above and t h e  leakage incrersed 
with t o t a l  dose. 
t h e  photo and Compton e lec t rons  just begin t o  penetrete t he  d i e l ec t r i c .  

They found no 

T h i s  ind ica tes  t h a t  t h e  threshold occurs a t  t h e  energy f o r  w-hich 

Similar effects have been noted i n  t h e  case of radioact ive ba t t e r i e s  i n  
which strontium 90 be ta  rays pass through a polystyrene d i e l e c t r i c  m d  has been 
studied by Warner of t he  Federal  Telecommunications Laboratory using cob-At 60 
ganma rays on t h i n  films of p l a s t i c .  
t i v i t y  of t h e  p l a s t i c  decreasss rap id ly  on exposure t o  rad ia t ion ,  reaches a p l a t e a y  
end finally increases i f  t h e  dosage i s  continued long enough, 
a t i o n  by r ad ia t ion  damage sets i n ,  l imi t ing  t h e  usafulness of this treatment. 
There does appear t o  be a d e f i n i t e  promise of obteining high performance in su la to r s  
which w i l l  have a long l i f e  under rad ia t ion  by czrefully control l ing the chemical 
composition and by subject ing t h e  mater ia l  t o  i r r a d i z t i o n  aghg .  
possible t o  eliminate t h e  need f o r  the  r ad ia t ion  aging. 

I n  these s tudies  it i s  found t h a t  t he  resis- 

Physical de t e r io r -  

It may even be 

To sum up t h e  s i t ua t ion ,  it is  importent when using condenser type chambers 
with mil l ion v o l t  r ad ia t ion  t o  keap the  t o t a l  dose low i n  order t o  avoid e r r o r s  
due t o  r ad ia t ion  induced leakage. 
would l i e  somewhere around 1,000 roentgens within a period of  one hour. 
i nd ica t e s  t h e  use of chmbers  having full sca l e  ranges of 25 r o r  less. 
range chambers nay be used, but they should be checked very carefu l ly  fo r  leakage. 
Instruments which use r o l l e d  foil condensers are not recommended above 100 ki lo-  
vo l t s .  

A r u l e  of thumb l i m i t  for cumulative exposures 
This 
Higher 

Un t i l  ncwer developments i n  p l a s t i c  f o i l s  have been proven it i s  doubtful  
t h e t  ro l l ed  f o i l  condensers can be used i n  condenser type in tegrc t ing  dose meters 
f o r  te le therapy  work. 
condensers do not su f f e r  from this effect .  
t o t a l  doses a re  required,  it is  recornended t h z t  a rate meter be used. The con- 
s tancy of t h e  r ad ia t ion  i n t e n s i t y  from teletherapy units lends i tself  t o  t h e  use 
of ratemeters. 
tiner. 

The rate meters which have res i s tance  input  r a the r  than  
Hence, where high i n t e n s i t i e s  and high 

From t h e  rate the  t o t a l  dose can be accurately measured with a 

An e n t i r e l y  d i f f e ren t  form of leakage current occurs i n  coaxial  systems 
(cable) i n  high i n t e n s i t y  f i e l d s  of cobal t  60 due t o  excess e lectrons going into 
p l a s t i c  from braid of cable. 

Another shortcoming of avai lable  instruments i s  seen when one wishes t o  
measure depth dose i n  a water phantom. The chambers are  open t o  atmospheric 
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M r -  Stober: The Keleket Con;p-.~y wil-1 also have a pus-hod with a tongue on it f o r  
use li" zhe capsule boconcs s*xk jn 'iho s m r x  vhe?i, T h i s  pvshrod could be used 
t o  guide tho  capsule back i n w  ';?e shippi.ig 2or-tcimr. One wondcr.s i f  it i s n ' t  
too carly i n  t he  development of telothorcc,?y sq-ui?nent t o  standardize the shipping 
r i s e s  

Y&, Sticknay: 
t a s t ?  

Should t h e  source capsule come back t o  the  Commission f o r  a wipe 

>;---4~bc~sold:  
s i o n  nor i t s  contractors  should hzve thj s responsibi l i ty .  
8 tripe test must be t h e  r z spons ib i l i t y  of t h e  persons t r ans fe r r ing  t h o  S ~ ~ C C .  

This is an i d e a l  t h e  f o r  n wipe t z s t ;  howcvsr, nei ther  t h e  Conmis- 
The respons ib i l i ty  f o r  

Y?. ---- S+,ic?cne-y: 
th ing  th,-..t would f rezzc  thc d2sign of te la therepy  shi.?pfng conteiners,  
of trm-sTeridn& socoild-hand si)urces from one t o  mothe r  W i l l  not c o ~ e  Up f o r  
severa l  more yeers, and t he re  i s  Lots of time t o  talk zbout t h e  stand?.rdizction 
of shiFTicg containers. 

The statement I s  w e l l  taken tkt t ie should not prcmturo ly  do my- 
Th5 Fro'clar 

Ch?irmn Mason: 
on tMs point,  so a l l  ac t ion  on s tandardizat ion of shipping conteiners w i l l  be 
delayed u n t i l  a fu tu re  da,te. 

All reprasentct ives  of t h e  X-ray aanufrcturers eppear in agrement  



REQUIRES.LEWTS FOR INSTRUMENTS TO BE USED WITH 
TELGI€IEIJUPY INSTALLATIONS 

Mr. W. k'. Managan 
Victoreen Instrument Co. 

Cleveland, Ohio 

1. Survey Instrunents 

While the manufacturer's are familiar with the requirements regarding radi- 
ation levels in and oround teletherapy installations, it will be useful for the 
discussion presented here to list the surveys required, the rad intensities, 3rd 
the rediation spectra to be expected. This will provide a basis for discussing 
the performance of survey instruments. The surveys which we will list will be 
based pcrtly on the tentetive draft of Vrotection against Radiations from Radium, 
Cobalt 60, and Cesium 137 (Ehczpsulcted Sources)Il as published in "Planning Guide 
for Radiologic Installations!', by Scott, and partly on private commnicntions. 
As such, they are subject to change, but it is believed the instrument requirements 
will not change substantially. 

Quoting section 7.3 on llTeletherapyl1, "No teletherapy installation should be 
use routinely until its safety has been established by a protection survey. T h i s  
survey should be made with the beam in the llofffl position to determine that it 
complies with the requirements of a protective source housing (see section 5.23). 
Operation procedures based on such a survey should be established for all personnel 
concerned. 

!?A survey should a l s o  be made of all regions adjacent to the radiation room 
the aperture open and a patient or phantom in place. 
for typical useful-beam directions to determine the dose to personnel under actual 
conditions of operation. 
occupancy if indicated by the measurements. 

Such measurements should be 

The report should include restrictions of operation or 

"The housing and collimating devices shall be so constructed that at one 
meter in any direction from the source in the ltoffn position, the maximum and 
average dose rates do not exceed 10 mr per hr and 2 mr per hr respectively. 
think we see that in order to reduce the integral dose to the patient, the leakage 
radiation in the 
both measured at one meter from the source, 
to 0.1 per cent o r  lower will result in a more economical socondary protective 
barrier . 11 

I 

position should not exceed I per cent of the useful beam, 
A reduction of the leakage radiation 

There are three separate surveys required: 

1. 

2. 

3.  

I 

Adjacent regions (i . e., out side treat- 
ment room) with aperture open and a 
phantom in the beam. 

Around source housing with aperture 
closed . 
Araund source housing with aperture 
open. 

Radiation Intensities 

Below Tolerance 

From less than 2 up to 
10 m r / b  

Less than 1 per cent of 
useful bean or 0.6 t o ,  
30 r/hr 



RECOMHENOATIONS OF THE INTERNATIONAL COMMISSION 
ON RADIOLOGICAL UNITS 

Rmisrd at thr S e r n t h  lntrrrnationai ('uwgrcss t)/ R u d i d q v ,  ( ' u p h u g r n ,  July 1953 

I. DEFINITIOSS ASD UNITS 

1. frtrm'ty 01 rodjutto# is the energy flowing per 
unit time through unit area perpendicular to the 
beam. It is expressed in crgs pcr square centimetre 
per second or watts per square centirnetre. 

2. Quantify of radiotion is the time integral of 
intensity. It is the total energy which has posscd 
through unit area perpendicular to the beam and is 
expressed in ergs per square centimetre or watt- 
seconds per square centimetre. 

3. Absorbcd dose of any ionizing radiation is thc 
amount of energy imparted to matter by ionizing 
particles per unit mass of irradiated material at the 
place of interest. I t  shall be expressed in rads. 

4. l'he rad is the unit af obsorbcd date and is  104) 
ergs ptr y a m m e .  

5 .  Inasmuch as calorimetric methods of determin- 
ing absorbed dose are not usually practicable, ioni- 
zation methods are generally employed. 'The quantity 
which must be measured is the ionization produced 
in I gaa by the same flow of corpuscular radiation as 
exists in the material under consideration. The  
energy E,, imparted to unit mass of the material is 
then essentially related to the ionization per unit 
mass of gas Jm, by the equation:- 

E,  = WsJ, 

where W is the average energy expended by the 
ionizing particles per ion pair formed in the gas, and 
8- ia the ratio of the mass stopping power of the 
material to that of the gas. 

6. Since the calculation of the absorbed dose from 
measurements of ionization requires a knowledge of 
the parameten W and sn as well as variables charac- 
tensing the radiation and the irradiated material, it 
is recommended that tables of the best available data 
k prepared and held under continua! review.' 

7. T h e  rontgen (r) remains the unit of X- and y- 
ray doae and ita definition remains unchanged as 
kl0w:-  

T h e  r h t g e n  shdl  be thr quantity of X -  or y- 
radiorion such that thr asm&atcd cwpurculor emirsion 

0.001293 gramnv of air produces, in Oit, ions 
carrying 1 eiectrostatic urn1 of quantity of electticity of 
cithrr +. 

H. I t  hccoma increasingly difficult to nieasurc the 
d w  in riintgens aa the quantum energy of the X- or 
y-radiation appri~acha very high valurs. The  unit 
may, however. hc uwd for practical purpoea for 
quantum cnerKir3 up to 3 MeV. 

9. IntqroI  obsorbrd dusr is the intcgration of the 
energy ahsorbed throughout a given region of 
interest. 'I'he unit is rhe graarmr-rud. I gramme-rad 

10. Amount of radioactive material shall be 
exprcsxd in curics (c). 'I'hc acccptcd definition of 
the curic is:- 

'I'he curic is a unit of rudiouctivity drjnrd as the 
quantity o j  un-v radiwctivr nuclidr in rvhich tlir numkr 
u/ disintqru/iotu p" second is 3.700 x 10'0. 
\i'ith this definition the curie is independent of the 
disintegration rate of radium. 

11. It is suggested that the y-ray emission be 
expressed in terms of rontgens per millicurie-hour 
(r/mc.h) at 1 cm from a point source. 'I% quantity 
is different for every isotope. (Preliminary data have 
been compiled relating to a number of radioactive 
isotopes and will be supplemented from time to 
time.). 

12. The  1.c.R.l~. requests the national standard- 
ising laboratories to set up, interchange and compare 
standards of X rap, y rays and radioactive isotopes, 
maintain close contact with each other, and generally 
by every means within their power further the im- 
provement of methods of standardisation. 

- IOU ergs. 

' Prrlimkvy reports on this aubjm were presented to 
the Commiuion and it ir hoped will be pubtirhed in the 
ne8r future. 
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Consider f i r s t  the survey of regions adjacent with the aperture open and 
the phantom i n  place. 
radiat ion transmitted through the w a l l  is less than  some rmdmum permissible value - usually 6.25 mr/hr f o r  a 48 hour week. To do this, tho survey instrument should 
have one of its sens i t i v i ty  ranges near 10 milliroentgens per hour (mr/hr) f u l l  
scale. 
type instrument where t h e  leve ls  are low, and with conservative design it is hoped 
the  radiat ion lovels w i l l  be low outside the  treatment room. 
a l ly  available G-M or s c i n t i l l a t i o n  counter survey instruments have f'ull scale  
rages  of 0.2, 2.0, and 20 m/hr f o r  radium gamma rays. Those ranges a r e  conven- 
i en t  f o r  surveying with portable instruments. However, it i s  s ta ted t h a t  ioniza- 
t i o n  chambers are required if Q pr ior  scanning with EL sui tably calibrated Geiger 
Mueller o r  s c i n t i l l a t i o n  type of instrument indicates occupied regions t o  have a 
rad ia t ion  l e v e l  of over one-fifth of permissible dose rate .  
i n t ens i t i e s  above about 1 mr/hr, an ionizet ion chamber instrunent i s  required, 
pr incipal ly  because the  ionizat ion chamber i s  capable of measuring absorbed dose i n  
roentgen3 ( r )  o r  dose rate i n  mr/hr much more accurately than other types of in- 
struments. 
instruments measure accurately. 

1 or 2 MeV down t o  80 kev. 
spectrum tranani t ted through water as neasured by Wciss 2nd Bernstoin a t  Brookheven 
National Laboratory. 
found the s p e c t m  shown i n  Fig. 1 did not chcnge i ts  shape or peak energy of 55 
kev f o r  distances of 30 t o  160 cm. The proportion of so f t  X rays t o  p r i m r y  radi-  
a t ion increases with distcnce from source, T h i s  buildup of so f t  X rays continues 
m t i l  t h e i r  energy i s  degraded t o  that energy below which photoelectric absorption 
i e t s  in. 
Once this equilibriun is  reached the spec t ra l  d i s t r ibu t ion  remcins quite constant 
f o r  increasing distances f ron  the source. 
water has G rmximm in the  range of 50 t o  60 kilovolts.  

The survey should establ ish that the in tens i ty  of the 

Many of these surveys w i l l  be conducted with Goigcr tube or s c i n t i l l a t i o n  

Most of the  commerci- 

Thus f o r  mdia t ion  

Possessing the capabi l i ty  does not clean t h a t  ell ionization chamber 

For example, many ion chamber instruments boast of energy independence from 
The inadequacy of this lower l i n i t  i s  shown by t h s  

Moving away f ron  a cobalt 60 source i n  a water tank, they 

In  a hoclogonoous nedium, t h i s  causes a nature1 equilibrium spectrum. 

This degrzded spectrum i n  the case o f  

For concrete shielding around the teletherapy ins ta l la t ions ,  the  calcium 
present i n  the concrete would move the peak energy of  the spectrum t o  a higher 
value, perhaps even t o  80 kev. 
flux from photons per square centimeter per second t o  absorbed dose i n  mill iroent- 
gens pe r  hour, it is  apparent t ha t  the region below 80 kev and especially below 
50 kev cannot be neglected. 

However, if one converts this transmitted radiat ion 

The response of ionization chambers need not bel uniform i n  this region, but 
it is preferable that it be uniform - or  high, t ha t  is ,  f a i l  safe. 
t a n t  that the low energy cutoff be well below 50 kev. 
and sodium icdide s c i n t i l l a t i o n  type instruments var ies  rapidly i n  this energy 
range. 

It i s  impor- 
The response of Geiger tubes 

Here again it is important that the low energy cutoff be well below 50 kev. 

Passing t o  the survey around the protective source housing, with the  beam 
fn t he  "off" position, the  radiat ion in t ens i t i e s  of i n t e re s t  seem t o  be i n  t he  
range of 1 t o  10 m/hr and higher. The spec t ra l  d i s t r ibu t ion  of the radiat ion 
transmftted through the  lead or  other heavy metal of the  protective source housing 
is presumably simflar t o  the  one discussed above with a peak a t  a higher energy. 
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Hence most of the available ion chamber survey meters are  suitable.  For this sur- 
vey, it may be desirable t o  have a detector of small size  f o r  local izat ion of peak 
radiat ion in t ens i t i e s  around the housing. 
protective source housing i n  f i lm as a means of recording the survey. 

It may z lso be desirable t o  wrap the  

The th i rd  survey may d i f f e r  from the  second i n  two ways. The source i s  moved 
i n  the housing from rrofflt t o  
a t ion  from the  beam, phantom, table,  etc. 
with a long meter cable or probe w i l l  permit t he  readings t o  be taken with no 
exposure t o  personnel, 
t he  useful beam at one meter from the  source would be .01 t o  3 r/hr and 0.6 t o  30 
r/hr respectively . 

posit ion and there  w i l l  be some scattered radi-  
For this survey the  use of an instrument 

Radiation in t ens i t i e s  of 0.1 per cent to 1.0 per cent of 

To sum up the  requirements on survey instruments f o r  teletherapy in s t a l l a -  
t ions,  they should f i r s t  be re l iab le ,  and accurate as a second consideration. 
accuracy is  dependent on enough factors ,  including r e l i a b i l i t y  or proper perform- 
ance, to w a r r a n t  the  use of a generous fac tor  of safety. With this i n  mind 2 10 
per cent accuracy should be adequate. The low energy cut off of the instrument, 
t h a t  is, the energy dependence, i s  important and should extend well below 50 kev. 
The energy dependence need not be uniform if it i s  f a i l  safe, Future survey in- 
struments should incorporatc this design foature i n  s o  far as  it does not impair 
the r e l i a b i l i t y  of the instrument by requiring the detector walls t o  be t h i n  and 
fragile. Size, por tab i l i ty ,  and price a r s  a l s o  important considerations. Full 
scale  s e n s i t i v i t i e s  of 2.5 mr/hr, 10 mr/hr  and up t o  50 r/hr are desirable. 

11. Therapy Dose Measuring Instruments. 

The 

A. Minimum requirements, 

In order t o  use the equipment, the radiologist  must have some means 
of chocking by measurements the  radiat ion in tens i ty  (roentgens per minute) and dose 
(roentgens). A minirmXm requirement would indicate select ion of the l e a s t  expensive 
instrument which will do the  job sa t i s fac tor i ly .  
has been performed with a Model 70 Condenser r-Meter (sae Fig. 2) and appropriate 
ion chambers. Special ion chambers having w a l l s  thick enough t o  insure electronic  
equilibrium for cobalt 60 and rEdium garma rzys a r e  now available f o r  use with Model 
70 Condenser r-Meter. 
l imitat ions when usad f o r  t o t a l  dose i n  roentgen from t e l e t h n a p y  units, pnd these 
d i f f i c u l t i e s  w i l l  be discussed below. Because of i t s  simplicity, it i s  the l e a s t  
expensive of the  high qua l i ty  radiat ion measuring instrument, and one of the most 
r e l i ab le  , 

Traditionally this measurement 

This i n s t m e n t  is  sat isfactory,  although thero are  some 

B. Energy Dependence Requirements. 

With radium, cobalt  60 o r  cesium 137 it is  important that the  ion  
chamber meet t w o  conditions: 

1. It must have w a l l s  thick enough t o  s top any electrons or iginat ing 
outside the chamber, and 

2. Its response must be independent of energy t o  as las an energy 
as i s  prac t ica l  (50 k i lovol t s ) ;  i.e., it must be air equivalant, 
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. Chemical processing of cyclotron t a r g e t s  i s  handled by t h e  Production 
D i v i h o n  of Oak Ridge National Laboratory-. 
t h e  radioact ive 
Cobalt  i s  separated from t h e  n icke l  by a column ca t ion  exchange process. 
passes through t h e  column readi ly ,  leaving t h e  cobal t  on the  resin; complete 
sep&tion is  achieved. 

For Co 57 production, nickel  containing 
cobal t  i s  s t r ipped from the  t a r g e t  base with hydrochloric acid.  

Nickel 

A t  present t he re  i s  no standard source design f o r  cyclotron-produced radio- 
Designs are cu r ren t ly  i n  progress for Co 57 sources for denta l  X-ray isotopes,  

experiments and f o r  i n d u s t r i a l  radiography application. 
produced sources are custom designed. 

I n  general ,  cyclotron 

Cyclotron achievements have been truly remarkable s ince  E. 0. Lawrence and 
ston, i n  1932, predicted a future 25-Mev proton cyclotron with a cur- 

~ ~ ~ * o ? ~  milliamperes, Such a machine, which was a remarkable predict ion f o r  
t h a t  time, could never have produced multicurie quan t i t i e s  of Go 57 because, a f t e r  
production of millicuries i n  contimous year-long operation, oqLilibrim would have 
boeQ reached and decay would have equaled production. 
cyel.otron, with aore than 10,000 times t h e  predicted proton cilrraT.rv5 j-s +Yle t o  
present twa soim;as --- z w 5 e  quan t i t i e s  of Go 57 and Go 56 --- es telcradiati.cn 
caidida';es for sol t - g m  and hard-gamma cpplication. 

Not o d y  So 57 and Go 56 sources, but a l s o  c n t i r d y  new sourt?70s, of pure 
c h a r a c t e r i s t i c  X rays of f r o m  5 t o  70 kev f o r  t e l e rad le t ion  end rc2iogrzphy may be 
produced i n  t h e  fu ture  with increased r a t e s  by t h e  86-inch cyclotron, If any o f  
these radioact, ive scvirces p r w e  t o  he useful t o  mmkind, T.l.l~y w : L l l  Lc peacetime 
bcne.?its of  :iorld kr I1 rcsw.rch LTd development w n - ~ h  mm&s. si.g:llficent cortri- 
butions 50 the &sign I;f the 3 3 X  6':--;nch cyclotTon thzuugh tnc &2ctrcmgnet:c 
process l o r  t he  enrichment o f  lncnime 

Today t h e  XI'SL %-inch 

http://telcradiati.cn


OF THE ATONIC ENXRGY INDUSTRY 

M r .  Je r ry  Luntz 
Nucleonics 

In  requesting t h a t  t h i s  closing talk be made, D r .  Brucer asked me t o  a c t  as 
a cork i n  the  b o t t l e  and t o  not say anything t h a t  was controversial .  Obviously 
I cannot do this, and s ince I w i l l  assume that each of you a re  not 100 per cent 
with me, I w i l l ,  f o r  example, make t h e  predict ion t h a t  the AK: Isotopes Division 
d o e s  not have a half l i f e  of another f i v e  o r  t en  years. 
going t o  agree. 

I am sure t h a t  no one is 

I want t o  give, very br ie f ly ,  my concept of the atomic energy industry. 
The f irst  category i n  t h e  industry consis ts  of ge t t ing  t h e  raw materials out of t h e  
ground, t o  a r a the r  expensive refining locat ion,  and the  processing of f i s s ionab le  
materials ready f o r  use. The second category i s  that of r eac to r  technology, and I 
wish t o  emphasize r eac to r s  f o r  f u l l  time research o r  production. 
gory i s  radioact ive mater ia l s  such as isotopes,  and I a n  not going t o  much nore 
than touch on radioact ive isotopes s ince a l l  t h e  people i n  t h i s  room a re  qu i t e  
f a m i l i a r  with this f i e l d .  
t he  reac tor  industry s ince  i n  fact  this will affect each of you i n  a very substan- 
t i a l  way. 

The t h i r d  cate- 

Rather I am going t o  spend most of my time discussing 

There are three o r  four kinds of reactors.  The atomic energy industry i s  
concerned first with t h e  c e n t r a l  s t e t i o n  power p lan ts  which might range i n  s i ze  
from 50,000 t o  60,000 e l e c t r i c a l  ki lowatts ,  and the  cos t s  o f  these p lan ts  can run 
anywhere f rom the  very lowes t  guesses of 30 mil l ion  do l l a r s  t o  hundrods o f  mil l ions 
of do l la rs .  
about 
t he  military reac tors  but would be b u i l t  by industry. There a re  also reac tors ,  
t he  s i z e  o f  which are not qu i t e  clear, but would produce f r o m  10 t o  20 thousand 
e l e c t r i c a l  kilowatts.  
un ive r s i ty  and i n d u s t r i a l  research, they operate from 10 t o  a thousand kilowatts.  

A Z  f i v e  year r eac to r  program. 
reac tors  tkt w i l l  cos t  somewhere between 200 and 250 mi l l ion  dol la rs .  
many diverse  kinds of r eac to r s  such as tho Westinghouse reac tor  f o r  t he  Navy, t ho  
homogenous reac tor  being worked on here, the  Argonne experimental eodium reec tor ,  
and the  second vers ion of t h e  Argonne water boi ler .  
be a second version of t he  one t h a t  i s  i n  the  process of being dismantled here a t  
O a k  Ridge. 
s ide  . 

The second group would be tha packaged reac tors  t h a t  would produce 
a thousand t o  a hundred thousend kilowatts,  and would be proportionata t o  

A four th  group cons is t s  of small research rezc tors ,  f o r  

There has been i n  t h e  past  two o r  th ree  months considerable pub l i c i ty  on t h e  

It includes 
This is  a program f o r  t he  development of power 

The homogenous r eac to r  w i l l  

And now f o r  t h e  industry Very b r i e f l y  t h a t  i s  t h e  government side.  

Industry i s  now expending about 45 mill ion dollars a year on research and 
On t h e  other  hand-tho Atomic development act ivi t ies  i n  t h e  parer reac tor  f i e ld .  

Energy Act forbids  any d o l l a r  return on t h i s  investbont.' 
cant that Dow-Detroit, a twenty-six indus t ry  group, announced a couple of weeks 
ago t h a t  i n  1954 they  would spend 2.6 n i l U o n  dollars on program of f ab r i ca t ing  , 
and testing components f o r  c e n t r a l  s t a t i o n  power react6rs.  

Power and Light Company t o  operate a pressurized water reactor .  

It.3.s therefore  s ign i f i -  

A s  an example of i ndus t r i e s  i n t e r e s t ,  a fabulous o f f e r  was made by Duquesne 
Thus far, no one 
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has been ab le  t o  really f igu re  out why Duquesne i s  wil l ing t o  contribute f i v e  
mi l l ion  d o l l a r s  toward the  cos t  of t he  reac tor ,  and pay f o r  t he  steam t h a t  i s  
produced a t  a rate t h a t  i s  probably 50 t o  100 per cent t he  cos t  of an equal plant.  
Duquesne i s  s i t t i n g  over a coa l  f i e l d ,  one of t he  cheapest s i t e s  i n  this country. 
The f ee l ing  I ge t  i s  t h a t  Duquesne apparently have the  idea  t h a t  by using a m o d i -  
f i e d  vers ion of present reac tors  they can come close t o  being competitive. 
hquesne  were not going t o  bui ld  this new plan t ,  thsy would probably have t o  bui ld  
a conventional plant t o  take  care of t h e i r  increased requirements. If one f igu res  
t h a t  t h e  f ive mil l ion d o l l a r s  f o r  the  reac tor ,  plus the  cos t  of t h e  conventional 
generator and other equipment would be about t he  s i ze  of t h e  conventional c a p i t a l  
investment, one would estimate t h a t  it would cost  Duquesne about a mil l ion d o l l a r s  
a year more than they would have t o  pay f o r  t h e  conventional steam system. 
l e s s  of w h a t  you think about the expenditure of this money, it is  a subs t an t i a l  
contr ibut ion by industry. 

If 

Regard- 

It i s  in t e re s t ing  t o  note t h a t  indus t ry  i s  working on t h e  packaged reac to r  
problem. 
supposedly in te res ted  companies asking whether they were in t e re s t ed  i n  bidding on 
the  f irst  packaged reac tor .  The inv i t a t ions  were s o l i c i t e d  on t h e  bas i s  t h a t  t h e  
awarded cont rac ts  would be on fixed pr ice  basis.  The Commission had 18 responses 
t o  t h e  o r i g i n a l  inqui r ies ,  seven of which they considered t o  be qual i f ied responseq 
o r  a t  least companies that were wil l ing t o  bui ld  t h e  f irst  r eac to r  on a r i s k  basis .  
A couple o f  companies were wi l l ing  t o  do t h i s  because they want t o  ge t  a foothold 
i n  the  atomic reac tor  f i e l d .  The i n t e r e s t  i n  these research reac tors  was borne 
out i n  February when a two-day conferznce on research r eac to r s  was held here i n  Oak 
Ridge. There were four o r  f ive i n d u s t r i a l  companies t h a t  displayed a great  compet- 
i t i v e  a t t i t u d e  i n  t ry ing  t o  s e l l  t h e i r  ideas  t o  interested mive r sF t i e s .  

I n  February of t h i s  year, the AEC and the  Army sen t  out l e t t e r s  t o  

The Commission has cone up with some guesstimates of vhat t he  growth of t h e  
nuclear power industry might be. Assuming t h a t  nuclasr p o w e ~  could cost  somewhere 
around ’7 t o  8 mills per  k i lowat t  i n  t h e  year 1960, we could then assume t h a t  10 per 
cent of t he  o loc t r i c  gcnerator  capacity would be nuc2eF.r; and i f  i n  the  year 2C00, 
t h e  cos t  i n  nuclear p m e r  could be dropped t o  somewhere around 5 mills, 50 per  cent  
of t h e  new e l e c t r f c  generator  capacity would be nuclear. 
g u e s s t h t i o n s  go on an assumption t h a t  t h i s  capacity i s  going t o  be b u i l t  i n  a 
25-year period f r o m  1960 t o  1985. 
11 b i l l i o n  dollars, the  makings of a very subs t an t i a l  indus5ry. 
the  7 a l i d i t y  of these figures; but there  may be some v d i d i t y  t o  tkern. 

I think t h a t  these 

The c a p i t a l  investzent by industry w i l l  be over 
Sone people argue 

‘tie should use some time t o  t a lk  about t h e  Atorr2.c Energy Act, m d  pending 
ztomic energy l eg i s l a t ion ,  because what happens t o  the  l e g i s l a t i o n  would determine 
whether o r  not tho reference? growth w i l l  come about. The Atomic Znergy Act of 
19 i6 ,  as It i s  presently const i tutod,  forb ids  anyone except cha gov2rmiz-h from 
ows.’_ng a nucls3.r roac tor  that i s  c?.pa3le of p rdvc ing  q u m t i t i c s  of f5as:oneblz 
mater ia l  s u f f i c i e n t  t o  manuf.cture atomic weapons. 
considerable cont ro l  over c l a s s i f i ed  information, a n d  forces  t h e  Coimnission essent- 
i a l l y  t o  keep reac tor  techolo.7y, ’037 and la rge ,  i n  a highly classiZied stage. 
t rend i s  not t o  ge t  AEC out of t5e f i e l d ,  nor t o  g e t  t he  government out of t h e  
business, but t o  change t h e  Atomic Energy Act and pern i t  i n d u s t q ,  with t h e i r  own 
money, know how, and mechanical ideas,  t o  go ahead and build plants.  

It givas t h e  C c d s s i o n  very 

The 

About a month o r  s o  ago the  Chaiman and Vice-Chairnan of t he  Jo in t  Cornittee 
on Atomic Znergy, introduced a b i l l  ca l l i ng  f o r  a major overkal l  of t he  Atorcic 
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Energy Act. 
t h a t  it would go. 
agreement on ce r t a in  points. 
th ing  on the t ab le  t o  o f f e r  f o r  consideration i n  public hearings. 
enumerate some of t h e  provisions t h a t  are contained i n  t h e  proposed b i l l .  
i s  already evidence t h a t  some compromises a r e  going t o  be made and some th ings  a re  
going t o  be completely knocked out  of t he  b i l l .  
industry t o  have research done i n  a government owned laboratory a t  a pr ice  deter-  
mined by AEC. 
which produce and u t i l i z e  f i ss ionable  material. You would be permitted t o  own 
reac to r s  and other fac i l i t i es  t o  produce "special" mater ia ls  if you were f i r s t  
l icensed by t h e  AE. It would permit you t o  lease, but not t o  buy %pecialIt 
materials from t h e  government f o r  t he  use of fuel i n  your p r iva t e ly  ownzd reactor .  
It would permit you, subject  t o  A E  l i cense  and regulat ions,  t o  use your own 
r eac to r  t o  produce e l e c t r i c  power, t o  irradiate isotopes,  t o  produce f i s s i o n  
products, and t o  produce these l lspecialn materials. 
own t h e  spec ia l  materials produced but  it would require  t h e  government t o  a f ford  
you "just compensation11 f o r  these materials. It would not prohib i t  you from sell-  
ing t h e  e l e c t r i c  power you produce t o  others who apparently would not need any kind 
of l i cense  t o  buy. It would permit you t o  s e l l  t he  i r r ad ia t ed  materials andfission 
products t o  anyone l icensed by AM: t o  buy them. 

I t ' s  a b i l l  t h a t  has gone a l o t  fu r the r  than most people an t ic ipa ted  
The reason f o r  this is  t h a t  the  Committee couldnl t  come t o  an 

They included some extreme vibws so  as t o  have some- 
I want t o  

There 

F i r s t ,  t h e  b i l l  would permit 

The b i l l  would permit you t o  own reac tors  and other f a c i l i t i e s  

It would not p e d t  you t o  

The regulat ions become a very confusing thing. You can ' t  own fue l ;  and if  
you are not permitted t o  own f i s s i o n  products, t h e  question i s  a t  some period of 
operation of t he  r eac to r  you must p u l l  your slugs t o  send them back t o  the  
Commission f o r  reprocessing. 
products. 
j u s t  what happens? 
of t h e  proposed systems,for example, tend t o  doubt t h e  Dow-Detroit system which i s  
predicated on t h e  basis t h a t  they would have t h e i r  own reprocessing cycle;  and I 
don ' t  know whether o r  not t h e  Commission i s  going t o  pay Dm-Detroit f o r  doing 
t h e i r  reprocessing. 
You can produce f i s s i o n  products, but how do you ge t  t he  f i s s i o n  products out of 
your reactor?  

Now w h a t  i s  not clear is  what happens t o  t he  f i s s i o n  
Do you pay a government p r i ce  f o r  processing the  f i s s i o n  products, o r  

Some The whole th ing  has been l e f t  i n  a very nebulous s t a t e .  

I think it i s  one of t he  m j o r  questions s t i l l  up i n  t h e  air. 

I do not know. 

There are ind ica t ions  t h a t  t h e  implications of the nuclear power have been 
s tudied s u f f i c i e n t l y  t h a t  w e  now know t h a t  t h e  industry i s  n o t  going t o  bring about 
any major changes i n  ou r  economy. The e f f e c t s  upon our economy, which Congress was 
f i rs t  concerned with back i n  1946, are not now considered serious.  

(h. Luntz continued with a de ta i led  repor t  of the  Cole-Hickenlooper b i l l .  
revieed version is reported i n  Nucleonics, June 1954, and w i l l  not be repeated 
here. ) 

A 

DISCUSSION 

Dr. Aebersold: 
t hese  developments at  Washington. 
Nucleonics t o  keep us informed of w h a t  i s  going on. 
comment regarding t h e  r eac to r  business. 
i n t e r e s t  i n  reac tors  because it i s  possible t o  ge t  rad ia t ion  qu i t e  cheaply, both 
gamna rays and neutrons. A contract  i s  being negotiated f o r  a medical reac tor  

In regard t o  Luntz' paper, I think he has done a f i n e  job following 
I am glad the re  i s  someone l ike him running 

I would l i k e  t o  make one 
There i s  a l o t  of in r lus t r ia l  and medical 
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which w i l l  give out a gamma ray beam comparable t o  the  high energy gamma rays from 
cobalt. The beam w i l l  not be collimated as from te le therapy units, but  it will be 
rery penetrating and t h e  i n t e n s i t y  w i l l  be grea te r  than that from a te le therapy 
machine. 'vJe can ' t  bilild a reac tor  j u s t  f o r  a gamma ray beam, because the  cost  i s  
about 250 thousand dol la rs .  The reac tor  could produce an appreciable amount of 
sho r t  half-life radioisotopes f o r  USQ i n  a region such as Los Bngeles. 

Dr. Lounh: 
The more I work with t h e  physicians who are authorized by t h e  AM: t o  use radio- 
isotopes,  t h e  more I am impressed with t h e  inadequacy i n  handling techniques. 
t he  program of l icensing produces 25 r eac to r  operators, I wonder how m c h  dissipc- 
t i o n  of cont ro l  w i l l  be implied and voted. 

I am in te res ted  i n  t h e  suggestion of changing t h e  l icensing program. 

If 

Mr. Luntz: 
outset. 
controls  you now have i s  going t o  be maintained, and even extended a l i t t l e  furthec 
Reactor f u e l  w i l l  be maintained by the  government f o r  this r, -ason. 

The f i r s t  th ing  is  that t h e  control  i s  going t o  be very extreme e t  the  
I think t h a t  i s  f o r  nothing but p o l i t i c a l  reasons. The same extent  of  



THULIUM IRRADIATOR 

Dr, Jaaee W. J. Carpenter 

Representing American College of Radiology 
Argonne Cancer Research Hospital 

I wish t o  take a few minutes t o  demonstrate the thulium i r rad ia tor ,  which we 
have been playing with atArgonne. The first public annucement  was premature and 
created a tempest in a teapot. People In the X-ray manufacturing business need not 
ge t  very excited about thulium a t  the present time, o r  for a long time t o  come. 
T h i s  unit  I am demonstrating has had a thulium source with a diameter of 5 milli- 
meters on its face by 15 millimeters long. 
hour a t  ono inch. We are  not get t ing much radiat ion f romthe  source even when it 
is f resh  out of the p i le .  The radiat ion is primarily 85 kev and 52 kev. 
has no collimation o r  diaphragm, and it allows a l o t  of s ca t t e r  radiation. 
now making a diaphragm f o r  use with the Unit. 

T h i s  source produced 7 roentgens per 

This mlt 
We =e 

Our first source w a s  thulium oxide, and we are  get t ing another source which 

The increased specif ic  a c t i v i t y  w i l l  shorten the exposure time s o  we w i l l  
w i l l  be thulium m e t a l .  and w i l l  be three times the specif ic  a c t i v i t y  of the f i r s t  
source. 
probably be able t o  &e a hand fih i n  one second. 
thulium f o r  t& and chest work. 

It w i l l  be impossible t o  use 

A snall uni t  was demonstrated this week i n  Washington. T h i s  design moves the 
source i n  the posit ion by a camera releaso, and I have heard t h a t l u g a m  is proposing 
t o  make about 25 d t s  of this design t o  send out as prototype units. 
t h a t  one unit has aheady j m e d  i n  the 'bff 'position. 
absence of an indicator t o  show when the source i s  i n  the llonll or "off"  position. 
The cable re lease could break and not serve as a positive indicator.  
which everybody might be interested has appeared i n  the current issue of  Nucleonics. 

I have heard 
One bad feature  i s  the 

An a r t i c l e  i n  

Chairman Mason: 
half. life of 129 days nakes this an impractical consideration. 

These units have been considered f o r  c iv i l i an  defense, but the 

bfr. Beauchmp: How m c h  does it cost t o  mako the thuliun metal? 

' D r .  Caroenter: The pr ice  of  thuliun has been quoted a t  $500 per ~ ( 3 ~ 3 . .  

C h i m  M2son: I heard recently t h c t  Dr. Spedding could produce thulium a t  $50.CC 
per g r a  if the  quant i t ies  were r e l a t ive ly  large. 
it on a production basis but w i l l  make h i s  techniques available t o  anybody e l se  who 
w a n t s  t o  do the manufacturing. 
radiat ion cost  has not been determined. 

He i s  not interested i n  producing 

The source uses zbout 200 mg basic metal and the  

Dr. Aebersold: 
the  device. 
The person who wants t o  use the thulium source for medical use would have t o  be a 

If the  thulium-radi- 
a t o r  has sone indus t r i a l  use the operator should have experiance with o radiat ion 
source and be able t o  ascer ta in  the rzdiological safety aspects of the unit. 

My off ice  is interested only in the radiological safety aspects of  
The d l o c a t i o n  c r i t e r ion  w i l l  be sinilcr t o  t h e t  f o r  Co 60 sources. 

-physician qual i f ied i n  whatever application he w c n t s  t o  do. 
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In  regard t o  the f irst  condition, it can be shown t h a t  wide variations i n  
response of a t h i n  w a l l  ion  chamber may occur with no change i n  the incident gamma 
ray intensi ty ,  e.g., lead shielding near the  ion chamber may cause response t o  
nearly double. Absence of an equilibrium thickness of low atomic number mater ia l  
may cause a signal t o  be cut i n  half. 
ion chamber versus w a l l  thickness i s  shown and along with it, the  response of the 
same chamber with a t h i n  layer of lead wrapped around it. 
the equilibrium wall thickness is apparent. 
atomic number is  tes ted i n  this manner (see Fig. 3 )  it is found that the responso 
increases slowly with increasing atomic number up t o  copper ( Z  2 29) and more 
rapidly f o r  higher atonic numbers, 
power of the  d i f fe ren t  wall materials r e l a t ive  t o  the air  i n  the  ion chamber. 
this we m e a n  t he  range of the  electrons i n  the chamber w a l l  n a t e r i a l  increases with 
increasing atomic number. 
through the gas increases and hence, the ion current. 

I n  Fig. 2 the response of a polyethylene 

The necessity of having 
If a ser ies  of materials of d i f f e ren t  

T h i s  is due t o  the dflferences i n  the stopping 
By 

The net result is t h a t  the  muher of electrons passing 

A study of the response of d i f fe ren t  n a t e r i d s  t o  c o ' o d t  60 g a m  rcys 
indicates that none of the present commercial thimble chamber m t e r i a l s  is  a i r  
equivalent. 
of having chcznbers which a re  not air  equivalent but fet, muscle, or bone equivalent. 
T h i s  i s  not believed necessary or prac t ica l  for general use. 
a conposite chacrber could be made which would be air equivalent and this i s  believ- 
ed t o  be the  proper choice of nater ia l .  
cesium 137 have walls of 4.40 ng/crn. 
down t o  25 kev, despite the  added w a l l  thickness. 
phantoms . 

It fur ther  indicates  that one may wish t o  consider the poss ib i l i ty  

It would appear that 

C b b e r s  f o r  use on cobalt 60, radiun and 
Their energy dependency is surprisingly good 

This is inportant fo r  use i n  

On accuracy, it should be observed that there ex is t s  a t  present a difference 
xtween I1rlf on X rays and Co 60 of the order of 6 pcr cent. 
Standards cal ibrat ion on secondary standards f o r  Go 60 i s  

gational Bureau of 
3 per cent. 

C. Available Instruments. 

For measurements beyond the minimum requirements there are several  
instruments available f o r  measuring dose and dose rate. 
companies i n  th s  United S ta tes ,  one i n  England, and several on the continent offer-  
ing integrating condenser meters f o r  measurement of t o t a l  dose. 
portable o r  battery-operated variety. 
integrating condenser dose meters offered. 
sa t i s fac tory  with mill ion v o l t  radiations fo r  ro,asons discussed below. 
avzilable dose r a t e  meters covering a wide range of i n t ens i t i e s  and radiat ion 
energies. 
r a t e  i n  roentgens per minute and the t o t a l  dose i n  roentgens. 

teletherapy ins ta l la t ions .  There are several reasons f o r  this belief.  F i r s t ,  
the radiat ion in t ens i ty  f r o m  teletherapy is qui te  uniform over periods of time 
covering a t r ea tmnt .  
and depth dose data. 
the  same as with the condenser type instrument. 
from the  major shortcoming of the condenser type integrating dose meters. 

There are  two commercial 

These are  of the  
In  addition thare are  several  AC operated 

None of these is considered completely 
There a r e  

Finally, there  is an instrument which offers both the  instantaneous dose 

It is  believed t h a t  the  dose rate meter is the most su i tab le  f o r  use with 

Second, use of a ratemeter greatly speeds taking isodose 
Third, the ion chamber, and hence the energy dependence, i s  

The dose r z t e  meters do not su f f e r  
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some phys ic i s t  with whom he i s  not acquainted make the  ca l ibra t ion .  
be a d i spa r i ty ,  the  r ad io log i s t  should know about it. 

If there  should 

I th ink  t h a t  t h e  rad io logis t s  should be provided with some da ta  on instru- 
mentation. 
t he  measurements made with the  standard Victoreen chamber are going t o  be acceptablg 
o r  whether the specif ic  chamber should be used with a grea ter  w a l l  thickness,  with 
added f i l t r a t i o n ,  o r  with whatever might be e s s e n t i a l  f o r  an adequate ca l ibra t ion .  

Perhaps this is equivical ; however , t h e  rad io logis t  should know whether 

The isodose curves of t h e  beam become t h e  most important consideration, other  
than t h e  rhm fac to r ,  when one is  attempting t o  start a clinical therapy progran. 
Certainly, it is going to t a k e  t h e  r ad io log i s t  a long time to procure a l l  the  isodoss 
pa t te rns ,  with all possible  f i e l d  sizes a t  various dis tances;  but  if t h e  curves a re  
avai lable ,  and Mr. Stickneg has s t a t ed  t h a t  he is going t o  have h i s  f i r s t  one o r  two 
customers provide t h i s  material, such curves should form a base l i n e  f o r  operations 
of any unit of t h i s  type. I think that such curves are  j u s t  as acceptable as turn- 
ing through standard t e x t  books as a great many rad io logis t s  do f o r  isodose curvas 
f o r  standard X-ray equipment. I wish t o  emphasize that t h i s  information should be 
provided . 

Data on second& e lec t ron  emission should ce r t a in ly  be provided t o  t he  use r  
f o r  th i s  is something that a grea t  m a y  r ad io log i s t s  w i l l  overlook. 
must know anything t h a t  r e l a t e s  s i g n i f i c a n t l y  t o  t h e  penumbra f o r  the  pa r t i cu la r  
design of the u n i t  he has obtained. 
on t h e  p a r t  of t h e  industry. 

The customer 

I do not  think this would be a breach of e th ics  

Along with all other  uss fu l  general  information, such as t h e  Handbook and 
J the r  da t a ,  t ha t  Mr. Stickney r e f e r s  t o ,  which i s  going to  be provided by the s a l e s  
organization, there should be included the half-value l aye r ,  the decay curves, and 
any information relative t o  reca l ibra t ion .  
l o g i s t  would appreciate  having convenient f o r  use with h i s  pa r t i cu la r  upi t .  

These represent  n i ce t i e s  t h a t  the radio- 

Relative to t h e  r o t a t i o n a l  problem, I have nixed emotions. It seems that  
any r ad io log i s t  embarking upon a program i n  ro t a t iona l  therapy with any type of 
radiotherapeut ic  device,  should an t i c ipa t e  t h e  very profound problems of isodose 
determination. Obviously it would be i n p s s i b l e  t o  expect the mnufac turer  t o  supply 
even sample curves i n  a l l  of  t he  innumerable p o s s i b i l i t i e s  t h a t  exist. However, 
I do f e e l  that it would be we l l  t o  supply a t  l e a s t  sample isodose curves, o r  patterns, 
so t h a t  a neophyte would not  be taken unaware and would not look upon r o t a t i o n a l  
therapy i n  the  sane manner as he would s t a t iona ry  beam therapy. We must r e a l i z e  
t h e  potential. dangers of hot  spots; and c e r t a i n l y  a grea t  d e a l  o f  damage can be done 
if we are  not aware of these fac tors .  
i n t e l l i gence  on t he  par t  of the rad io logis t ,  and t h i s  is very f l a t t e r i n g ,  but  t he  
X - r a y  indus t ry  knows, as w e l l  as I do, that rad io logis t s  all have t h e i r  l imi ta t ions .  

The industry presumes a vas t  amount of 

The data relative t o  housing, and I am t a lk ing  about external housing and 
not the primary housing of the source, is general ly  ava i lab le  i n  various bu l l e t in s .  
Mr. Stickney has indicated t h a t  sales people w i l l  provide this conventional b i t  of 
information. I th ink  it would be advisable to  submit i n  the sample layout  some of 
t h e  information that is d e f i n i t e l y  b w n  about t he  half-value l aye r  determinations 
a t  various points in the room with $he pa r t i cu la r  unit tha t  is baing purchased. 
It would a id  considerably in the designing o f  rdsquate protect ion f o r  any given 

r e spons ib i l i t i e s  where these high energies a r e  employed i n  c l i n i c a l  therapy, just  
ni t .  Xost certainly, the rad io log i s t ,  i n  the f i n a l  analysis, must assume a l l  the 

t 1 3 J b b 4  



as  he does i n  the  use o f  a l l  o ther  modalities. That obl igat ion is a serious one, 
't should be taken ser ious ly  but I am af ra id  it is of ten  considered l i gh t ly .  I 
chink t h a t  D r .  Donaldson emphasized the  point t h i s  morning when he indicated t h e  
number of  men who do therapy under protest .  The hospi ta l  Board of  Directors a r e  
going t o  insist t h a t  t h e i r  i n s t i t u t i o n  have one of these f i n e  units. The radio- 
l o g i s t  uses it without any fee l ing ,  without any desire f o r  it, and therefore,  they 
are l i k e l y  t o  make compromises, 
f r e e l y  of whatever knowledge w e  have obtained t o  the  end t h a t  the value of te le -  
therapy can be adequately exploited f o r  t h e  pa t i en t ' s  benefit .  
challenge t h e  X-ray industry t o  move cautiously. 
it is a dangerous implement and it should not be peddled. 
and the  f ac to ry  may not be attempting t o  peddle t h e  units but t i e  sa les  people a re ;  
they are looking f o r  customers who w i l l  t ake  one of these units. 
t h e  po ten t i a l  user  should be cautioned and should be adequately advised. 
not t h e  type of u n i t  that a hosp i t a l  o r  rad io logis t  can purchase and employ 6 tech- 
n ic ian  t o  operate  from a prescr ipt ion.  
control led adequately under competent supervision. 
gether i n  t h a t  direct ion.  

Therefore, w e  must all combine t o  share  and give 

I would l i k e  t o  

The company a t  home, 
This is  not a household a p p f i a x e ,  

I bel ieve t h z t  
This i s  

This is  a unit t h a t  is going t o  have t o  be 
I hope t h a t  we can a l l  work to- 

DISCUSS I O N  

D r .  Brucer: 
hasn ' t  been mentioned is the  records that are kept on the  source capsule of both t h e  
Canadian and U.S. produced sources. 
cal capsules. 
and Ff these capsules a r e  going t o  have a r e s a l e  value from =chine t o  machine, 
' o m  organizat ion must keep a record of each source capsule. 

There a r e  two th ings  I want to  t a l k  about. One of t he  things t h a t  

These sources are a l l  going t o  come i n  iden t i -  
After the  capsule Cas been closed no one can f ind  out  what is in it, 

-- Fr. Sticknev: This information has t o  be supplied by the m a n  who sells the  source. 

blr. Green: 
could keep a record of all of  it. 

Shouldn't t he  suppl ie r  of  the  cobal t  keep that record? Kobody e l s e  

Dr. Brucer: 
keeping records of what t h e  sources would be? 

Yiybe t h a t  quest ion goes back t o  the suppl ier  of the cobalt .  Is ORhZ 

: s i r .  G i l l e t t e :  We are keeping records. 
document and, of course, of t h e  purchase order and the  authorizat ion;  however, the  
period of time t h i s  information i s  maintained on f i l e  w i l l  be up t o  O R E ,  and A i X .  
They would not necessar i ly  keep the  records r ead i ly  ava i lab le  a f t e r  f i v a  gears. 
chances a re ,  t h e y ' l l  probably be around f o r  f i v e  years but not a f te r  that. 

We have dupl icate  copies of every shipping 

The 

Mr. bauchamp: 
and r ad io log i s t s  like some kind of number put on t h e  container and do you want t o  
suggest how it co-clld be put  on? 

This sounds like a pretty good th ing  t o  t a l k  about. Would indus t ry  

Mr. Green: Can gou put the number on Sefore i t 's  loaded? 

Dr. Aebersold: A INmber can be i tched on t h e  source capsule. 

Mr. BeauchamE: 
it on? 

Idhere would you want t he  number? Could we use a vibro t o o l  t o  put 

Jr. Brucer: The number would have t o  be i n  a posi t ion on the  f ace  of l i p  of t he  
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capsule . 
kir. Green: It should be engraved very deeply with a vibro t o o l .  

:it-. Stickneg: 
a t  @tk Ridge o r  i n  Canada. 

There should be some code l e t t e r  indicating whether it was loaded 

W. Hetherington: 
suffix CR, 

The Canadian-loaded capsule w i l l  have a s e r i a l  number and the 

i:?. Green: 
source i s  u t t e r l y  destroyed. 

I wish t o  emphasize tha t  adequate records should be kept unti l  the 

Nr. Gi l l e t t e :  
cobalt  should be the one who would keep the  records. 

I agree t h a t  t h i s  is very important but the person who buys the 

G r ,  Aebersold: 
l o s t  

Each source w i l l  change hands several t ines  and  the records ray be 

Nr. bbffet t :  A source may only change hands with an AM: authorization, and I 
suggest t h a t  the AEC keep the records. 

- Mr. Gi l l e t t e :  
w i l l  always be avai lable  from Carbide and Carbon. 

The customer should not proceed on the assumption tha t  the  records 

Nr. Hetherington: 
k e n  ce r t i f i ed  by the  IJat ional  Research Council. 
der, and one i s  retained by the Atomic Energy of Canada Limited. Each capsule 
s e r i a l  number is stamped on the end of each drawer, and unless somebody takes the 
source out of i t s  drawer, it could be ident i f ied at a l l  times. We agree t h a t  the 
sa fe s t  manner would be t o  have the  ser ia l  number stamped r igh t  onto t he  capsule. 

The sources tha t  have been sold by Atomic Ehergy of Canada, have 
One c e r t i f i c a t e  goes to the custo- 

D r .  Brucer: 
sent out? 

On the present arrangement, can you ident i fy  any sources t h a t  have been 

Xr. Hetherington: From the outside of the capsule, I don't think SO. 

?IT. - Gi l l e t t e :  
.L,.KL, 
w i t h  the date  and the curiage, and the type o f  cobalt. 

Oak Ridge sources sold prior  t o  t h i s  date cannot be ident i f ied by 
r -  I The O a k  Ridge ivational Laboratories can put a s e r i a l  number on the  capsula 

L?--Stober: 
t?i:!z? If the 
SC-UC~ should be reshipped, the name p la t e  could be taken off the unit, put on the 
shipping container t o  the new customer. 

Could the source be accompanied with a name p la te  on the shipping con- 
Such a p la te  could be taken off and fastened on to  the machine. 

---- C h i m a n  Mason: - This i s  something that should be decided upon. It would be be t t e r  
if both ths  Canadians and Americans used the same system. 
Canadian anti the U.S. isotopes divis ion decide on a system they w i l l  follow and re- 
port t o  the next meeting. 

Dr. Brucer: 

I suggest t ha t  the 

(This suggestion was unanimously approved.) 

I wish to c a l l  a t t en t ion  t o  the problem of isodose curves, which 
hould be available before therapy is  commenced. To make a set o f  isodose curves 
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involves a considerable amount of  equipment and personnel time. 
come very expensive and I know that every radiologis t  who gets a therapy machine 
is  not  going t o  run a s e t  of  curves. I think that the manufacturers should make 
up the s e t  o f  isodose curves because it is an impossible thing t o  ask of each 
therapist .  

This work can be- 

Mr. Stickney: 
t o  d e  every e f f o r t  to  supply any kind of radiat ion d a t a  which has been published 
bj an independent authority. 

I did not make myself c lear  on that point. I am perfect ly  wil l ing 

D r .  Aebersold: Suppose you have a cloverleaf source and you change to  a plain r?.gkt 
cylinder source of the same strength,  how much dwference would there be i n  the 
isodose curves? 

D r .  *mer : 
intensity.  
a r e  the following differences; 

We have isodose curves on two d i f f e ren t  sources, each having a d i f f e r& 
One is on the square source and one is on a cloverleaf source. There 

1. 
the cloverleaf . 

2. 
and even l e s s  i n  3raestrup's p e l l e t  type Canadian source. 

3 .  
in the cloverleaf.  

The corners o f  the  end of a percentage line are  more sharpiy defined i n  

The bulge i n  the cross field axis is less prominent i n  the cloverleaf 

We think we may be ab10 t o  detect  a very s l i g h t  cross f i e l d  var ia t ion 

All of these var ia t ions a re  insignif icant  i n  therapy, Mors i m p r t a n t  
rariations occur due to  cone design and of course the source face diameter w i l l  
make a difference a t  short  SS3. I believe it would be nore feas ib le  to  use one 
s e t  of isodose curves on a l l  cobalt 60 mchines than it would be to  use 250 kvp 
tables  published i n  a book. 



THE REQUIREMENl'S OF A SHIPPIK CONTAINER 

Mr. Gene Stober 
Technical Division 

Keleket X-ray Corporation 

The problem of Q shipping container i s  one that the NBS meetings hme not 
covered. 
opened f o r  discussion and t o  determine whether all shipping containers should be 
of a standard design. 

Dr. Brucer probably thinks that this is  a good way t o  ge t  the  subject 

I wish t o  emphasize that I do not think our design i s  l i k e l y  t o  be the  stan- 
dard; however, it is a s t a r t i ng  point. 
t o  the  Chk Ridge National Laboratory on May 24 t o  receive i t s  first cobalt capsule. 

Tho one container w e  have built w i l l  be sent 

The first job of loading w i l l  require the t ransfer  of a 600 rhm source from 
We w i l l  ul t imately hme two s tandnd the  shipping container t o  a hectocurie head. 

s izes  of shipping containers because we don't want t o  penalize o customer on ex- 
press o r  f re ight  charges fo r  a shipping container big enough t o  handle 1800 rhn when 
he is  receiving only  a 600 rhm source. 

I n  designing e shipping container we soon learned tha t  we nust serve several  
F i r s t  of all it has been determined that the standard capsules w i l l  be masters. 

employed and i n  the hectocurie range the shipping container must shield 600 rhm of 
cobalt  60. 
the radiat ion t o  a l e v e l  of l e s s  than 10 m r  per hour a t  l m e t e r .  There i s  a second 
s t ipu la t ion  that the shipping container shall not have more than 200 m r  per hour a t  
the  surface. 

The s ignif icant  thing is  t h a t  the shipping container should attenuate 

The second master i s  the  requirements that must be met i n  order t o  obtain 
two shipping permits. 
Explosives permit called MEICC 7099, which may be obtained by writing t o  Mr. Harry 
f i b a l l ,  Bureau of Explosives, 30 Easy Street ,  New York 7, New York. 
cal led our  a t ten t ion  t o  t h e i r  problems. 
ce r t a in  thicknesses of s t e e l  w a l l s  f o r  the container,as a protection i f  the  shipping 
container should be caught i n  a f i r e  and all the  lead should melt. 
must be smooth s o  t h a t  the  Oak Ridge National Laboratory can decontaminate the  
ex ter ior  surfaces. Mter the Bureau of Explosives has approved the design they give 
an approval number, which must be stamped on the outside of  the container d o n g  with 
the  ident i f ica t ion  of radiocctive isotopes being trmsported.  

One i s  an I C C  permit No. 7870. The other is  a Bureau of 

M r .  ICimball 
The Bureau of "q los ives  has specified 

The s t e e l  w a l l s  

There i s  a t h i r d  master. The Keleket Company wcs instructed t o  get i n  touch 
with the c a r r i e r  and obtain da ta  on the  floor locding of e q r e s s  o r  f re ight  railway 
cars. The biggest trouble czme when we found that we had t o  d i s t r ibu te  the weight 
of t h e  shipping container ovsr an area much greeter  than the area of the container 
itself. 
36 inches. 
of the  container. 

The weight hed t o  bo dist r ibuted Over 2 width of 24 inches and a length of 
The use of 4'' x 4" hardwood skids beccme the most awkward design fee ture  

There is enother fac tor  that has t o  bo considered. The Oak Ridge National 
hbora to ry  must use a handling device, and this we provided by two eye hooks SO 
that you can pick up t h e  container by a chain hoist. 
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In designing Q shiuping container we se t  a t w g e t  of 1000 pounds. 
Keleket Company considers this a prototype uni t  and I hope t h a t  it is  n l i t t l e  
over-designed. The shipping container w i l l  be monitored while it i s  i n  use md a 
second shipping container w i l l  be designed from the data  obtained from experience 
with the prototype. 

The 

The techniques of loading becomes the  fourth master t h a t  we must serve. 
is inconceivable t h z t  anybody i s  going t o  pick up 1200 curies  o r  600 curies of 
radiat ion and w a l k  across the room and put it in to  a teletherapy unit. 
d i m s  have a design whereby they simply push a piece of the shipping container 
r i g h t  i n t o  the teletherapy unit. 
lend i t s e l f  t o  the Canadian method of loading, however, we did take an idea from 
the Canadians and are going t o  %arryI1 the  shipping container t o  the teletherapy 
uni t  during the loading procedure. 
container are  joined, t h e  capsule may then be pushed from the  shipping container 
t o  the  teletherapy unit without ever corning in to  the open. 
the  Canadians, we s t a r t ed  the container design with R drawer arrangement. 
drawer contains two sockets each with a shoulder. The drawer s l i p s  back and f o r t h  
t o  permit loading and unloading a source though a chute which i s  o f f  center of  the  
pig. T h i s  chute i s  the  diameter of the  source container (see diagram). 

It 

The Cam- 

The teletherapy uni t  designed ty Keleket does not 

After t h e  teletherapy unit and the shipping 

Again, borrowing from 
The 

In e a r l i e r  meetings the  Keleket Company s ta ted that they were going t o  load  
and unload the  source capsule by gravity, and with modifications we s t ick  t o  tha t  
fundamental principal. One of OUT units i s  most conveniently loaded when the  head 
i s  about 5 o r  59 f e e t  above the  ground, with the par t  perpendicular t o  the ground, 
s o  w e  have decided t o  load all units from this position, 
a l i g h t  welded aluminum rrAtt frame and Q pair of chain hois ts  as E part  of his 
equipment. With the ''Att frame he w i l l  pick up the shipping container, i t s  adrp ter  
un i t ,  md inse r t  the chute d i r ec t ly  in to  the source wheel. 

The physicist w i l l  have 

In  the last indus t r i a l  meeting, I explained t h a t  the Barnes-Keleket design 

In  our first design we were going t o  push the source i n t o  the socket, and 
proposed a socket i n  t h e  source wheel with Q lead housing around the en t i r e  source 
wheel. 
with a constr ic t ion i n  the  p o r t i l  the  capsule would r ide  as a f ree  f loa t ing  bearing. 
I s t i l l  think this is a good method but there  were a l o t  of objections. 
have a design that gives a posit ive method of locking a capsule i n  the source wheel. 
The new design consis ts  of a narrow r ing around the nose of the source wheel. 
r ing extends over the capsule socket, with a scalloped cutout f o r  inser t ing the 
source capsule. 
be adjusted through a screwdriver portal .  
from the  portal  opening providing a second safety feature. 

We now 

The 

The retaining ring i s  held t i g h t  by a positioning screw which c2n 
A r e s t r i c t ive  por ta l  i s  then screwed i n  

In preparing t h e  Keleket-Barnes machine f o r  the in i t ia l  loading, we w i l l  
f i rst  take out the r e s t r i c t i v e  throat,  leaving the diameter of the por ta l  s l i g h t l y  
l a rge r  than the capsule i tself .  The scalloped retaining ring w i l l  then be rotated 
t o  the  open posit ion so  t h a t  when the source wheel i s  turned t o  the Itonn posit ion,  
the  capsule can be pushed r i g h t  i n to  tho source socket. The shipping container is 
next positioned below t he  machine and is  brought i n t o  posit ion by the use of the  
rtArt frame and the  chain hoists.  The shipping container i s  "married" t o  the  machine 
by removing the plug of t h e  loading or i f i ce  i n  the shipping container and inser t ing 
i n  i ts  place a nose piece, constructed t o  fit the o r i f i ce  of  the teletherapy head. 
The nose piece connects i n t o  the source wheel and locks the  head and the shipping 
container together. When this nose pioce is in place, we w i l l  have a chute exactly 
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S t e e l  t o  keep lead out of corners t o  
reduce weight. 

SKETCH SHOWING CAFSULE SEING 
P U S m  UP LOADIKG CHUTE 

Source 
wheel 

! I i' Socket 
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t h e  diameter of t he  socket i n  the  source wheel. 

The next s t e p  i s  t o  w i t h d r a w  t h e  bottom plug i n  the  shipping container 
leaving a tube that extends all t he  way through the  shipping container,  and i n t o  
t h e  te le therapy  source socket. This tube w i l l  accommodate a pushrod, constructed 
of steel, f o r  a 600 rhm source, and possibly equipped with a tungsten alloy head 
f o r  an 1800 rhm source. The lower end of t he  pushrod extends down long enough so 
that a T-type handle w i l l  extend out  of t h e  d i rec t  beam of any r ed ia t ion  leakage. 
The zssistant next tu rns  t h e  handwheel over 180 degrees bringing the  source socket 
over the t o p  of t h e  prepared chute; t h e  first empty o p ~ n i n g  i n  tha  drawer of t h e  
shipping container is moved t o  t h e  l e f t ,  and t h e  socket is l i ned  up with t h e  load- 
ing chute. We then make a prac t ice  run t o  be sure t h a t  everything i s  l ined  up, 
when preliminary preparat ions and testing are completed, t h e  drawer of t he  s h i p i n g  
container  is moved t o  a l i g n  the source with t h e  loading chute. 
raises t h e  suurce up into t h e  socket and t h e  assistant releases t h e  tension on t h e  
handwheel allowing t h e  source wheel t o  make t h e  180 degree return t o  t h e  t toff" 
posit ion.  On t h e  r e tu rn  the  capsule is wiped off t he  top  of  t h e  pushrod and r i d e s  
a s  a free f loa t ing  bearing un t i l  t h e  r e s t r i c t i n g  th roa t  and t h e  r e t a i n e r  r i n g  are 
placed i n  t h e  closed posit ion.  
follow t h e  same general  procedures. 
factory.  

- -  
The pushrod then 

I n  making a replacement of t h e  source we would 
Prac t ice  loadings have been completely satis- 

DISCUSSION 

Dr. Lowh: 
shield a p a r t i a l l y  exhausted source and a replacement source? 

Is t he re  enough shielding i n  the  shipping container t o  adequately 

Mr. Stobcr: 
provide shielding f o r  both sources. 
two sources f o r  a brief period of time. 

Cur engineers have designed t h e  container i n  the  shape of  an oval t o  
I believe there  is adequate shiolding f o r  t h e  

D r .  Brucer: The naxt problem t h a t  comes up i s  the  s tandardizat ion of shipping 
containers.  Some rad io log i s t s  are asking, 'When you buy a te le therapy  machine, do 
you have t o  s t i ck  with t h a t  company for replscement sources?" I m i n t a i n  t h a t  t h e  
shipping container should be made s o  that it could be f i t t e d  t o  mybody's machine. 
Also, the  pushrod of t h e  shipping container should be s o  f ixed that it would f i t  
the  standard source capsule and would do t h e  loading i n  d i f f e r e n t  kinds of mchincs. 
To adapt t h e  Keleket shipping container t o  a Picker mchine  it i s  only necessary 
t o  have a spec ia l  pushrod that can screw t h e  capsule i n t o  t h e  source wheel. 
should not be too  much of a job f o r  t he  manufacturers t o  set t le  on one kind of 
container t h c t  is adaptcble t o  d1 designs of t e le therapy  machines. 

It 

Dr. Lofstrom: 
people. 
for i n s t a l l a t i o n  i n  a Releket unit. 

It would be advantageous from the point of View of v-arious service 
It would f a c i l i t c - t e  t h e  sa le  of a s e c o n d - h d  capsule from a Picker unit 

&-. Brucg~:  
change m.sc.kniss betwean machines. 

It locks QS if there w i l l  be a necessity f o r  some kind of zn inter- 

Mr, S%ickna :  
capsule fY~n the  source w h e d  t o  t he  top  of tho pushrod. 

In LY unloading operation it would be r s t h e r  d i f f i c u l t  t o  s l i d e  t h e  
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Members FYesent: D r .  Henry Jaffe - TJniversity o f  Southern Cal i fornia  
D r .  James F. Kelly, Jr. - Crieghton University 
PEr. John H. Tolan - Einorg University 

(Representing D r .  H. Stephen Weens ) 
Ih.. &rshaU Brucer - ORIR3 bkdical Division 
Mr. J. Howard Harmon - O R I E  Medical Division 

D r .  John A .  Isherwood - Baylor University Graduate School 
D r .  Harold W. Lewis - Duke University 

Members Absent: 

CURREWT STATUS OF HECTOCURIE MI1CHIRG: 

The Subcommittee reviewed t h e  current  s t a t u s  of t he  hectocurie te le therapy 
u n i t s  and was informed t h a t  t he  design recommended by the  Teletherapy Evaluation 
Board is now on a production basis.  The Subcommittee was a lso  informed t h a t  t h e  
Picker X-ray Corporation has a design under construction, and t h a t  the  Westing- 
house Company is  considering t h e  design problems o f  t he  hectocurie unit. 

Dr. Brucer s t a t ed  t h a t  he had been informed t h a t  t he  United S t a t e s  Atomic 
Ehergy Commission had approved research grants  f o r  four  T%B member un ive r s i t i e s .  

The Subcommittee reviewed b r i e f l y  the current  a v a i l a b i l i t y  of high and \ 

low spec i f i c  a c t i v i t y  cobal t  60 f o r  te le therapy sources. 
being published as a quar te r ly  report .  

This material is now 

The current  quoted s a l e s  prices  of hectoccrie units were compared t o  t he  
construct ion cos t  of  units being b u i l t  by individuals.  

RELATIOLBHIPS OF FACTClEls INVOLVED I N  THE D E S I G N  OF LOIJ CURUGE UNITS: 

The Subcommittee discussed t h e  increasing i n t e r e s t  i n  very low curiage 
u n i t s  i n  5 t o  300 cu r i e  range. 
re la t ionships  of f ac to r s  involved i n  the construction of low curiage units. 
This char t  is not rsady f o r  publ icat ion but w i l l  be presented a t  a j o i n t  meeting 
t o  be held i n  Rockford, I l l i n o i s  on July 22. 

D E S I G N  CRITFRIA FOR LOW CURIAGE UNITS : 

A p e l h i n a r y  char t  was shown t o  give t h e  

The Chairman reviewed t h e  p a s s i b i l i t y  of  using multiple sources in opposing 
Two opposing units may be supported i n  opposite posi t ions on a "C" posi t ioas .  

frame, o r  multiple u n i t s  may be suspended on r ing  s u p p r t s .  
supports may, o r  may not,  be designed f o r  ro t a t iona l  therapy. 

sources i n  the  hectocurie range. It was agreed t h a t  another capsule should be 
designed f o r  sources ii the  cu r i e  and z u l t i p r i e  ranges. 
md i f i ed  design for veiqy iow curiage units was emp3asized when t h e  standard 
source capsule was scaled onto the  diaTeter o f  the  shielding required f o r  very 
low curiage units. 

The ''C" and r ing  

The Subcommittee reviewed the  stansard capsule, which was designed f o r  

The necessi ty  f o r  a 
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The Subcornittee agreed tha t  the design c r i t e r i a  f o r  curie and m u l t i -  

-4 select ion was made of 
cur ie  un i t s  should fallow, i n  general, the c r i t e r i a  established f o r  the  hecto- 
cur ie  unit, w i t h  the addition of  a l i g h t  local izer .  
the ranges t o  be emphasized t o  manufacturers. 

COST OF COBALT 60 FOR TELEIlHERAPY SOURCES: 

D r .  Brucer discussed the cost  of  cobalt 60 f o r  hectocurie and ki locurie  
teletherapy units, and b r i e f l y  reviewed the  cost  analysis which was included i n  
the minutes of the m a t i n g  of the Third Industr ia l  Conference on Teletherapy. 
The minutes of t h i s  meeting have been previously sent  t o  a l l  TEEI =embers. 

RIXOIMFJDATIONS FOR FUTURE PROGRAM OF SUBCOMMIXTEE NO. 2: 

On a motion by Dr. Jaffe, seconded by D r .  Kelly, the Subcommittee re- 
commended the building of three p i l o t  models i n  the range of 10, 40, acd 150 
curies;  the initial e f f o r t  t o  be an engineering study t o  determine t h a t  the  
machines w i l l  not exceed an estimated pr ice  i n  the range of pract icabi l i ty .  
was agreed tha t  other isotope sources should be included in the study. 
cesium 137 is s t i l l  a few years o f f ,  europium 152-154 w i l l  be emphasized. 

It 
Since 

--e--- 

J f i  J. Howard Harmon 
Emcut ive Secretary 





MINVTES OF THE JULY 22nd MEETING OF THE ZX9CUTIV5 C0EQIITT"E AND INTERESTED 
SUBCOIiG-ITT3ES OF THE TELETHYRAPY EVALUATION BOAm 

TEB Wembers Present: 
Executive Commftt ee 

Marshall Brucer, M. D., ORINS Medical Division 
Vincent Collins, M. D., Baylor University Graduate School 
Herbert D,  Kemn, H. D., University of Louisvil le 
James E. Lofstrom, M. D., Wayne University 
Carl E. Nurnberger, Ph. D., University of Tennessee 
Henry Jaffe, M. D., University of Southern California 

- 

Subcommittee No. 5 

Vincent Collins, N. D., Baylor University Graduate School 
Isadore Meschan, M. D., University of Arkansas 
George Cooper, M. D,, University of Virginia 

Subcommittee No. 2 

Henry Jaffe, M. De, University of Southern California 
John A. Isherwood, M. D., Eaylor University Graduate School 
James F. Kelly, Jr., M. Do, Creighton University 
H. Stephen Weens, $1. D., Emory University 

Subcommittee No. 1 

Herbert D. K e r n ,  M. Do, University of Louisv i l le  
David S. Carroll, 14. D., University of Tennessee 
Carl E. Nurnberger, ph. D., University of Tennessee 
John Tolan, Emory University School of Medicine 

Subcommittee No. 3 

R. Kenneth Laeffler, PI. D., Jefferson Davis Hospital 

ORINS Staff Members Present: 

Visitors Present: 

J. R. Mason, United States  Atomic Ehergy C o d s s i o n  
George T. Harrell, M. D ., Chairman, Medical Advisory Panel 
E. E. Beauchamp, Oak Ridge National Laboratoxy 



A Joint  meethg of t h e  committees interested i n  the  problem of t h e  
moving f i e l d  teletherapy machine, and cer ta in  construaztion problems of t h e  
small fixed f i e lds  machines, m e t  at t h e  Faust Hotel in Rockford, I l l i n o i s  
July 22, 1954. 
the  la rge  rotat ional  teletherapy unit, arid t he  desired operation of t h e  
automatic control features  of the  unit. 

D r .  Brucer discussed the  design and construction d e t a i l s  of 

Mr. L. J. Eulliet of the  W. F. and John Barnes Company described t h e  
analogue computer designed f o r  the  automatic operation of t h e  unit. 
attached brochure gives representatives detai led information as presented 
by D r .  Brucer and I f f .  Eul l ie t .  

The 

In the  afternoon t h e  Barnes Company demonstrated the  cesium ki locurie  
There teletherapy uni t  and models of  t h e  hectocurie cobalt 60 therapy unit. 

was also a tour  of the  Barnes plant which preceded t h e  showinp of t h e  te le-  
therapy unit. 

U J. Howard Hamon 
Executive Secretary 
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A meeting of Subcommittee No. 4 was held a t  t h e  Shoreham Hotel jn 
Wzshington, D. C. on Xoiiday afternoon, September 20, 1954. 
members were present:  

The fol lowing 

Dr ,  J a e s  E, Lofstrom 
D r ,  HoSert Eeeves 
Dre Sidney Fubenfeld 
Dr. Al f red  8 e m e  
Dr, G. F e r k z z s  -' . .  - .. _.. . 

b 

Dr.  Erucer presented the protect ion s t u d i e s  on mcrble by reviewing 
the d a t a  published by the ihzble  I n s t i t u t e  of kmericc. 
pcblished r e p o r t  h v e  clrc?.d:T been mailed t o  nembers cf the Teletherapy 
Evaluation Bocrd. 

Copies of  t h e  

Item 2 on the agcnck wcs t o  hmc been a prcscntat ion of  protect ion 
s tudies  on l m d ;  howcvcr thc scbcommittee w r ? ~  infomcd t h c t  these  s t u d i e s  
had not  been complcted and t h a t  thc f i n d  d z - k  w i l l  be published lz tc r .  

Various mnembcrs of thc tc lc thcrnpy bocrd rcportGd on the design and 
c o s t  o f  housing f o r  hcctocuric u i t s .  
and w i l l  be published. zt 2 l c t c r  dotc.  

Thcsc d a k  r?rc now being col lcctcd 



MINUTES OF TBE NOVEMBER 6, 1954 
TELETHERAPY EVALUATION BOARD CLINICAL PROGRAM SUBCOMMITTEE MEETING 

Subcommittee Members Present: 

D r .  
Dr. 
Dr. 
D r  . 
D r .  
D r  . 
D r .  
D r .  
D r .  

Dr . 

Vincent Collins - Baylor University Graduate School - Chairman 
Marshall Brucer - ORINS Medical Division 
George Cooper - University of Virginia 
Galen M. "ice - University of Kansas 
Herbert D. Kerman - University of Louisville 
James E. Lofstrom - Wayne University 
H. Stephen Weens - Emory University 
David Carrol l  - University of Tennessee 
I. Meschan - University of Arkansas 

Harold Tivey - Baylor University Graduate School - Consultant 

Case Ffistories of Patients Treated with TEB Cobalt &I Units: 

The subcommittee meeting was held i n  Oak Ridge under the chairmanship of 
Dr. Vincent Collins who requested Dr. Lofstrom and D r .  Carroll  t o  open the meeting 
by reporting case h i s to r i e s  of pat ients  t reated with Co &I units  i n s t a l l ed  a t  
t h e i r  respective medical schools. 
couraging. 

The i n i t i a l  evaluation of the results i s  en- 

Evaluation Program: 

The qual i f icat ions of t h i s  committee t o  undertake a c l i n i c a l  evaluation 
program has been questfoned, and Dr. Collins stated that t h i s  committee should 
careful ly  define its treatment and evaluation procedures so t h a t  measurable bene- 
f i ts  t o  pat ients ,  radiologis ts ,  and departments of radiology w i l l  be c lear ly  
indicated. 

Charts of Treatment Patterns Obtainable from the TEB Cobalt &I Unit Design: 

F'rom isodose curves of the TEB Co 60 uni t  design d is t r ibu ted  by ORINS, Dr. 
Collins constructed charts t o  demonstrate the d i f fe ren t  tumor doses obtainable 
by using various port  arrangements and crossf i re  techniques. 
demonstrated the advantages of t rea t ing  a t  d i f fe ren t  distances.  

These charts  a l so  

Dr. Brucer discussed a chart  comparing the isodose curves of Co &I with 
those of 250 kv X-ray uni t s  and showed the e f f ec t  of cone t o  skin distance. 

The committee was informed t h a t  TEB members with cobalt u n i t s  had received 
copies of the isodose curves from various treatment cones a t  35 and 50 cm SSD. 
Dr. Brucer reported that tables  under preparation would give data that would permit 
each radiologis t  t o  draw h i s  own isodose curves f o r  any port  s ize ,  shape, and 
treatment distance. These tables would contain data on cent ra l  a x i s  b s e ,  v i s u a l  
penumbra, transmitted penumbra, and distance from source. 



Approved Treatment Pattern : 

The committee chairman cal led att..ention t o  the f a c t  t ha t  i f  the r e su l t s  
from a l l  par t ic ipat ing ins t i tu t ions  a re  t o  be compared, there mus t  be an agreement 
on the treatment pat tern f o r  t ha t  percentage of pat ients  receiving care under the 
TEB program. 
were offered: 

In the discussion of t h i s  recommendation the following thoughts 

1. 

2. 

3 -  

4. 

5 .  

6 .  

Deliver the treatment within a prescribed time. 

Prescribe the maximum dose and permit the radiologist  t o  determine 
the treatment t i m e .  

Permit the radiologis t  t o  determine the number of ports t o  be used 
fo r  delivering maximum dose with minimum skin reaction. 

Remember t h a t  any schedule of radiat ion therapy may be upset by sick- 
ness and other side e f f ec t s .  

Consider t ha t  any percentage of procedures not completed within an 
approved plan would be measurable and of significance f o r  comparison 
with 250 kv X ray.  

Realize tha t  as an evaluation board the primary emphasis should be t o  
record f igures ,  fac tors ,  and resu l t s  i n  such a manner that evaluation 
i s  possible.  

D r .  Lofstrom surmnarized the discussion by emphasizing tha t  the board must  
standardize on some c r i t e r i a  and rea l ize  tha t  some pat ients  w i l l  f a l l  outside the 
accepted standards and w i l l  have t o  be excluded from the percentage tha t  w i l l  be 
evaluated by the TEB. 
by other standards. 

t rea ted  under the TEE program: 

This does not mean tha t  these cases should not be evaluated 

The subcommittee approved the following treatment plans fo r  pat ients  t o  be 

Tumor S i t e  

1. Brain 
2. Esophagus 
3.  Nasopharynx 
4. Posterior 1/3 tongue 
5 .  Tonsil 
6. In t r in s i c  Larynx 
7 .  HypopharJnx 
8. Bone Metastases 
9.  Lung 

Treatment 
T i m e  

4 wks. 
5 w k s .  

4 wks.  

4 w k s .  
4 w k s .  
1 day 
5 w k s .  

Central Tumor Dose (r)* 

5,000 (2, 3, or  4 por ta l s )  
6,000 

50 cm2, 6,000 depth dose 
80 cra2 5,500 depth dose 
1x) cm2: 5,000 depth dose 
150 cm2, 4,500 depth dose 

1,000 
5,000 

* Tissue dose i n  center of tumor bearing area based on O€UNS uni t  cal ibrat ion and 
depth dose data. 

* For tumors represented by types 3 through 7, the radiologist  should observe a 
standard t i m e ,  b u t  the number of roentgens must be varied with the volume of 
t issue i n  the tumor area.  Therefore, the radiologis t  must decide the number 
of roentgens that would represent the maximum tolerable  dose. 



of the 
The committee discussed but did not formalize a treatment plan f o r  cancer 
bladder. Collected data on tre:-.tr;le:it procedures a re  t o  be brought t o  the 

next meeting a t  which t i m e  a plan w i l l  be prepared. 

Data Forms: 

The committee reviewed the data sheets designed f o r  carcinoma of the lung. 
Dial runs with these designs indicated the need f o r  some changes and the  revised 
forms are attached. Forms f o r  brain tumor were approved and copies a re  attached. 
I n  reviewing the forms f o r  carcinoma of the lung and of bra in  tumor, it was evident 
t h a t  the "Summary of Therapy" and "Terminal Evaluation" forms would serve f o r  both 
diseases and probably would serve f o r  a l l  other diseases t o  be s tudied by the 
board. 

The subconrmittee requested t h a t  enough forms f o r  s i x  months c l i n i c a l  cases 

Those in s t i t u t ions  having a Co 60 un i t  
be sen t  t o  each par t ic ipa t ing  in s t i t u t ion .  
w i l l  wri te  the l e t t e r  of t ransmi t ta l . )  
were requested t o  start using the forms f o r  those cases t r ea t ed  under the "E3 
evaluation program. 
report ing cases t r ea t ed  with 250 kv X ray i n  accordance with the plan approved f o r  
the Co 60 uni t .  
the u s u a l  250 kv X-ray procedures; on such reports  the rad io logis t  should indicate  
the pa t te rn  of rad ia t ion .  

(Dr . Collins, subcommittee chairman , 

A l l  i n s t i t u t ions  a re  requested t o  start  using the forms f c r  

The committee requested reports  of unselected cases t r ea t ed  by 

Selection of Cases: 

The committee discussed various methods of making random select ions of 
comparable pa t ien ts  t o  receive treatment with 250 kv and Co 60 uni t  under the TEB 
program. 
Various p rac t i ca l  obstacles were noted by par t ic ipants .  
formulated later. 

'Ihe importance of and c r i t e r i a  f o r  a controlled study were elaborated. 
& t a i l e d  plans w i l l  be 

Reporting : 

The committee recomnrended t h a t  i n s t i t u t ions  start sending reports  t o  OFUNS 
at t h e i r  e a r l i e s t  convenience. 
sheets  should be completed immediateljj a f t e r  the f i r s t  treatment i s  given. 
report  on each follow-up and the terminal evaluation should be completed a f t e r  
death. 

The " I n i t i a l  ADpraisal" and "Summary of Therapy" 
A 

The committee recommended an annual repor t  from each i n s t i t u t i o n  giving the 
number of bronchogenic carcinomas seen a t  the i n s t i t u t i o n  among "out" and "bed" 
pa t ien ts .  
Co 60, by surgery, and the  number not treated. ?he purpose is  t o  t e s t  f o r  uni-  
formity of pa t i en t  material among par t ic ipants .  
board will send out an annual questionaire.  

The repor t  should indicate  the number of pa t ien ts  t r e a t e d  with X ray, 

To f a c i l i t a t e  this reporting the 



BRAIN TUMOR 
TEB STUDY I f ORINS 

f Accession No. , 

Ib'llLG APYRAIW 
On 1st dsJr of Treatment 

NAME AGE . SEX DATE 
ADDRESS . mGar .RACE. 
HOSPITAL NO. INSTITUTION 
O C c u p A a O N  MAGNOSIS 

I Family History of Cancer 

i! 
PRESENT ILLNESS I 

OPERATNE PROCEDW: Date Craniotomy complete Removal 

Incomplete Removal Biopsy only &compression 

Ventriculogram Surgery  Contralndicat;ed sW3-y 

. -  

Refused 



~. .. . . ..-. . .  . .  

C-. 

.. . 

Nervous System - - ADDITTONAL SIGNIFICANT DISEASE: CV Skeletal 

- Metabolic - Urinary - Reproductive 

DUU;NOSED BY: 

Inst i tut ion 

ORINS 

Consul t  ant 

.I , 

Physicianrs Signature 



bisull 'LUMr3R 
TEB STUDY 

FOLLOW-UP 
(one sheet for  each visi t)  

ti 
E 
W 

a 

r ORINS 1 

HOSPITAL NO. P- 
mRMANT ( P a t i e n t  o r  Other) 

Accession No. H 

B 
E3 

- - 

- Telangiectas fa 
Sub-dermal Fibrosis 
Moist Desquamation 

- / D i l a t i o n  

',. Radiation Necrosis 

- ( ~ e  ) Pigcentation - - - sKI;?sCHANGES I Atroghy - 
skinchanges 

late of this follow-up 
h te  of previous f o U - u p  - In te rva l  Weeks 
late of Ist appraisal InterVal Weeks 

rsistiIlg symptoms: 
- . -Bet te r  #n, Change 

HQ -Change 
No Change 
No Change 

- - Eeadache : . Worse 
Vision: . . Worse -' I Bet te r  
Motor Changes : Worse Bet te r  
Sensory Changes: Worse Better 

- - - - - - 
[Eauilibr-l urn Wnrcn Rn++DV RTn Phanre 



White Blood Count Hemoglobin 
Other Laboratory Procedures 

7 
srrrgery Other - Chemotherapy - hdiation 

ADDITTONAL PROGRESS NOTES 

CIZNICAL EVALUATION OF ?sIEATMwT 

Physician's S i g n a t i l r e  



f INITIAL APPRAISAL 1 



8 

'p 

.. . . .  

B 
E 

-- w 

Physical Mndings 

Material .obtained by -bronchoscopy _ _ _  Thoracotomy and biopsy .. - - 
cytologic s tudies  on pleural  effusion _- _, - .- Resected specimen 

Autopsy 
- ___.. ~ ___-_ - I_ . I _--- - - . .-- - _  - -  

- -  ._ ~stologlc- diagnosis ..... -_I- ............... -. . 

- __ Dx by Ins t i t u t ion .  _ _ _  . -_ _ _ - _ -  - _ _  I - - -  

Dx by o m s  
Dx by Consultant 

- __._ . 

- - - - - - _ _  . _-_.-- -I -- - - - -  

..... ...... --.-...__ . . . . . . . . . .  _ _  -. _ _  O C C U P A T I O ~ E X P O S U R E S  ,-.- IC--.- 

- 
Benzol, oils, tars, etc. - * 

Radiation 
Mining- --. - -- - --_. __-- - ~ . I _ - -  

Yes. ..No..-__ESrplanakion of Positive-Occupational Exposure 

-- 
- -  - -  

- _ _  -_- -- - -  - - _ -  - 

. .-. 

Physician's Signature 



Accession No. 
CARCINOMA OF TEE LUNG 

TEB STUDY 

(one sheet for  each visit)  
mrmw-up 

. .-- .- - .  - 

- - .  
PATIEXI2 HOSPITAL NO. 
INFORMANT (Patient. o r  other). +'-:----.- - . ---  - . _-_ - - , .d -. 

. . -- 

_ -  
Weeks - I .  - _ .  -Inte-2;isl .- ---- - .  - Date of 1st-appraisal '  - , 

.-.. ,_. ... ...-.-... . . . . . .  _ ._,  - --_ -,.-.-- __-._. ....... ..-. . .  
.- 

. . .  . . . . .  . ,  - .-. - - -- 
-- ..... .--._ .-. . I Activity since previ,ous-follpr-up I . No- -Wee& ' . 

..... .-_.__ !. --Normal. Activity - -.- ........ __. _- - . -___. t..- __ _.__._-_.__ __-.  i ---- .. 
4 

.. - .. . &dUced- .hee ty  -.__. .. - .. .__ ...... ..-...-- .-- .-. - . . .  

. . . . . .  . . . . .  . . .  ...... _._ . .-. ..... .--C!bhfined-to- ho&- o r  nursing h6me 
. . . . . . . . . . . . . . . . .  - .. - ... - .. -_ ...... - . . .  . _. - . - . -. . Confined to-bed 

_ _  
. . . . . .  

t 1 
..... . . . .  

.- _- . .- .. - .  . . I  ! Confined'to hospital' I 
. . . . . . . . . . . . . . . .  -- . - . .  . . .  _ _  . . . . . .  . . .  -- . . .  

. . . . . .  ....... -_ . -. .. L . .  - .. . -  .... ..-. . .  Persisting Symptoms _ -  : 

. _  

.... 
Approximste Requirements - , - . - - ._ . _ _ _ .  . - _ _  Narcotics : 

_ .  ~ - - - -  _I _ _  . -  - - .  .- . 

Notes (How was extension determined) I 

f I 3 b b 2 b  1 FOLLUW-UP I 



f 
i SWN CHANGES < 

. E -  
El-- -- . i 

- Telangiectasia - ( ~ e  ) Pigmentation 
- Sub-dermal Fibrosis - Atrophy 
- Moist Desquamation - Radiation Necrosis 

. ..--. . _...-* .............. - . . . . . . . . . . . . . . . . . .  --. --I - 
. . . . . . .  

. . . .  . . .... _- _- 
Hemoglobin--.--- .--. .,., _ _  .-._ White Blood-C~t-------- 

Other Laboratory Procedures .-..--.- ----.--- . . . .  . . . . .  . . , - - . . . .  - . >  . . ' 
.... . .  . .  

- :  . ...... ....... ..... . .  ..~___-- __.__ -_ - _._- . --_ _. 
d 

. .  
- .__-______._ _--.-__.-._ ___II _--I ...... ._^_ ..... .......- ... I- ........... 

. . - . . - . . . .  .- ._-.. ...... __..-__. . .-- __-- - . . . . . . . . . . . . . . .  

. .  

------- -.... . -.-------  ..--- _._._-_..II__._.___ _ _  .. __.__ . _-___ ....... ---. 



SUMMARY OF THERAPY 
TEB- STUDY 

(complete during t r e a t m n t  ) 

PATIEPIT HOSPITAL NO, 
I N S T I r n O N  
DIAGNOSIS 
Factors: Co 63: rhm 

X ray: lrvp- hvl f i l t e r  ma 
DUGMY OF PLAN 

AP diameter of part  cm Lat. diameter of pa r t  

[ F i e l d  Size 1 Inclusive days i No. of 1 Max. dose Tumor Dose 

cm ( A t  treatment l eve l )  
1 
i 
1 

on s k i n  VCenter i Maximum I Minimum 
I I 

I 
I I 

I i 
I 6 .  t I 1 1 I 

Total tumor dose 
I 

Total 
elapsed days1 1 Integral  dose estimate i-l 
Intent a t  beginning of t reataent :  Cure Pa l l ia t ion  
Initial proposal: Central tumor  dose Erne 

ltreatment completed as planned? Yes No 
ff no, comment 

blood 
7’ 

ant ibiot ic  -’ hormone -’ Adjuvant therapy: Chemotherapy 

- 

t i 3 b b 2 8  

- 
Fhysician’s Signature 

I SUMMARY OF T€BRAPY 1 
. n 



I I 
I I I 



- Patient  died - b s t  t o  follow-up 

?AILTENT HOSPITAL Mo. 
trG3- DATE 

DISTITUTION 
IIAGNOSIS 

3ate of lst appraisal  . Date of Death or  F ina l  F.U. . 
Ilbtal days under t r e s e n t  since f i s t  day of radiat ion treatment 
(Treatment day = day of t r e a b n t ,  day of follow-up v i s i t ,  o r  day i n  hospital .  ) 
Days in hospi ta l  since first day of mdiation treatment 

Duration I NO. Weeks .No. wks. f rom 

Normal ac t iv i ty  I Dia os i s  t o  death 
Reduced a c t i v i t y  I 

Confined t o  home or  nursing hand 
Confined t o  bed f 
emf b e d  t o  hospi ta l  I 

Date of death 
'ITERVISTS' EVALLM'ION OF TREATMEpP-r 

INSTRUCTIONS TO PATHOLOGIST 
A series of 8 tissue blocks should be sent  i n  t o  ORINS 

1. fill thickness skin block from skin i n  center of treated area. 
2. fill  thickness skin block from skin well outside of t rea ted  area. 
3 .  nssue blocks from bone 
4. n s s u e  blocks from bone t including marrow) w e l l  outside of t rea ted  area. 
5 .  Essue block from tumor i n  center of treated area. 
6. n s s u e  block from tumor outside of t rea ted  area if  possible (or  s l i d e  of 

grevlous biopsy). 
7. TLssue block from intervening normal t i s s u e  i n  center of treated area. 
8. Tlssue block from intervening normal tissue w e l l  outside of treated area. 

i n c l u a n g  marrow) in center of t rea ted  area. 

hhke diw t o  indicate  the area from which blocks were removed. 
Autapsy pratocol &&be attached t o  this report. 

A copy of the 
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CLAsSIrn  BY CLASSIFIED BY 
THERAPIST CLASSIFICATCON OF RADIATZON EFFECT AT DELITE PATHOLOGIST 

(Compared with stabs a t  t i m e  of start of therapy) 

Therapy was s t a r t ed  a t  primary s i te  t o  irradiate only s i te  of cancer known a t  that 
t i m e .  (i. e. the disease was  apparently localized and potent ia l ly  curable. ) 
TERMINAZ, CLASSIFICATION IS: 
1. No pers i s ten t  disease a t  primary site. N o  d i s t an t  mtastases. 

a. No complications a t  primary s i te  due t o  radiation. - b. Complications a t  primary site did not appreciably a f f ec t  morbidity. - c.  Complications a t  primary s i te  d id  appreciably a f f e c t  morbidity. 
d. Complications a t  primary s i t e  did contribute t o  cause of death. 

2. No pers i s ten t  disease a t  primary si te.  Distant metastases present. 
a. No complications a t  primary s i te  due t o  radiation. - b. Complications at  primary site did not appreciably a f f ec t  morbidsty. 
c. Complications a t  primary s i te  did appreciably a f f e c t  morbidity, 
d. Complications a t  primary s i te  did contribute t o  cause of death. 

No complications a t  primary s i te  due t o  radiation. 
Complications a t  primary s i te  d id  not appreciably a f f ec t  morbidity. 
Complications a t  primary si te did appreciably a f f e c t  morbidity. 
Complications a t  primary site did contribute t o  cause of death. 

4. With pers i s ten t  disease a t  primary site. Distant metastases present. 
a. No complications a t  primary s i te  due t o  radiation. - b. Complications a t  primary s i t e  did not appreciably a f f e c t  morbidity. - e .  Complications a t  primary si te  did appreciably a f f ec t  morbidity. 
d. Complications a t  primary site did contribute t o  cause of death. 

Therapy w a s  s t a r t e d  a t  secondary si te,  or  a t  primary site with other areas of cancer 
known t o  ex i s t .  
!ElWWU CLASSIFICAmON IS: 
1. 
- a. No complications a t  primary s i te  due t o  radiation. - b. Complications a t  primary s i t e  did not appreciably a f f ec t  morbidity. - c. Complications a t  primary site did appreciably a f f e c t  morbidity. 

d. Complications a t  primary s i te  did contribute t o  cause of death. 

- - - - - - 
- - - - - - - 

3. With pers i s ten t  disease a t  primary si te.  No d is tan t  metastases. 
a. 

- b. 
c. 
d. 

- - - - 
7 - - 

- - - - - - 
(i.e. disease w a s  not believed curable.) 

No pers i s ten t  disease a t  si te of therapy. 
- - - - - 

2. With pers i s ten t  disease a t  s i te  of therapy. 

- - a. No complications a t  primary site due t o  radiation. - b. Complications a t  primary s i te  did not appreciably a f f e c t  morbidity. - c. Complications a t  primary s i te  did apprec$ab&y a e e t  morbidity. 
d. Complications at prinrary site did contribute t o  cause of death. 

- - - 
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