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PROTECTION PROBLEMS 

Marshall Brucer, M.D. 

I n  the Medical Division of the Oak Ridge I n s t i t u t e  o f  Nuclear Studies 

we use large amounts of radioactive isotopes. 

federa l  organization, we are  exempt from laws concerning radiat ion 

protection; however, since we teach students the use of radioactive isotopes, 

the exact opposite t o  i t s  inf in i te  extreme i s  true.  

teaching program t o  follow every and a l l  radiat ion protection rules  and 

regulations. 

the radiation-protection-dose-of-the-month club. 

dose-of-the-month club schedule we found t h a t  there  were not enough months 

i n  the year. Therefore, t h i s  was changed t o  the radiation-protection-dose- 

of-the-week club i n  which we would s e t  up a d i f f e ren t  s e t  of  ru les  and 

regulations promulgated by one or another organization f o r  each week i n  the 

year and then follow a w e l l  defined and published s e t  of rules  and rsgulations 

fo r  each week. However, we soon found tha t  there were not a suf f ic ien t  number 

of weeks i n  the p a r .  Seventy-one nat ional  and i n t e r m t i o n a l  organizations 

have var iable  ideas on what radiat ion protection should be. Add t o  t h i s  the 

f i f t y  highly individualized s t a t e  governments i n  the United S ta t e s  t h a t  a re  

rapidly developing unint erpre tab le  r egulat i  om concerning m e  as urable 

quant i t ies  concerning an undefined r i s k  and the problem becomes somewhat 

unmanageable. 

As a prime contractor t o  a 

It i s  necessary i n  a 

This cannot Is done. A t  one time we were about t o  es tab l i sh  

But i n  se t t i ng  up the 

There is a necessi ty  for  es tebl ishing leve ls  of radiation. There i s  

3. difference between the Pacific Ocean and a glass o f  water, but there i s  

a h a  r e a l  s imi l a r i t y  between the two. However, many people die fYom 
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drowning i n  the Facific Ocean; few people die from drowning i n  a glass of 

water. 

arranged the event properly. 

Pacific Ocean without drowning. 

But it might be possible t o  drotm a man v i t h  a glass of water if one 

It i s  a l so  possible t o  work i n  and around the 

Exactly the same thing i s  t rue of 

radiation. 

isotope. 

possible t o  work around megacurie levels  without being hurt. 

levels  of a c t i v i t y  are simpler t o  handle, eas ie r  t o  wo-k around, bu t  if 

events are arranged properly you can hur t  somebody w i t h  mil l icur ie  amountS. 

There i s  such a thing as megacwie amounts of  radioactive 

This i s  a d isas te r  l e v e l  of radiation, but not necessarily. 1% i s  

Millicurie 

Megacurie levels  of radiation a r e  usually (but not always) d i sas te r  

levels.  This l e v e l  usually demands spec ia l  instrumentation. The health 

physics problems are  spec ia l  problems not usually encountered i n  a medical 

si tuction. 

levels.  

not uncommon i n  the KadLcal Division t h a t  we have more kilocurie sources of 

Kilocurie l eve l s  ( a  f ac to r  of a thousand less) a re  n o t  d i sas te r  

This is a l e v e l  t h a t  i s  conmonly used i n  external therapy. It is 

rad ia t ion  than we have pa t ien ts ,  Although t h i s  l eve l  of radiation, 

uncontrolled, i s  dangerous i n  the extreme, with the controls t h a t  have been 

established i n  kilocurie machines, the use of t h i s  level i n  external  therapy 

is routine. There i s  l i t t l e  o r  no question about i t s  safety.  

A o&e IcveX of  radiat ion (a factor  o f  a thousand l e s s  than the 

ki locurie  leve l )  has  no medical use b u t  i t  does have an indus t r i a l  use and, 

i n  the field of  medicine, has a very r e a l  radiobiological use. The 

instruments f o r  measurement a t  this l e v e l  a r e  common; the health physics 

methods are  routine and wel l  known. We handle this mater ia l  with care. 

Mil l icur ie  levels  of a c t i v i t y  ( a  fac tor  o f  a thousand l e s s  than the 

These are  usually unsealed curie  l eve l )  are  levels f o r  i n t e rna l  therapy. 

sources The radiat ion measuremen3 and protection instruments a re  well 

known, are  commonly applied, Gle methods are  routine; b u t  since the l eve l  of 
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danger is  much l e s s ,  the level of worry is much le SS. 

t ra ined  persons handle these levels and there i s  seldom heal th  physics 

trouble. 

Usually very well  

The microcurie l e v e l  of a c t i v i t y  ( a  fac tor  of a thousand l e s s  than a 

mi l l icur ie  level) i s  usually considered a diagnostic level. 

f o r  measurement can be as insens i t ive  as a Geiger-Muller tube; usually ( i n  

the United S ta t e s  i n  medical f a c i l i t i e s )  it is a s c i n t i l l a t i o n  c rys ta l .  

The instrunent 

There is usual ly  no radiat ion monitoring problem necessary a t  t h i s  l eve l  

since any one s ingle  source of a c t i v i t y  a t  t h i s  l e v e l  does not hur t  people. 

However, a t  t h i s  po in t  t he  c r i te r ia  f o r  rad ia t ion  monitoring change. 

microcurie leve ls  of ac t iv i ty ,  although no one s ingle  source night  be 

dangerous t o  people, a s ingle  source can be dargerous t o  i n s t r m e n t s  of 

measurement. Although no one s ingle  source can hu r t  an individual  person, 

there can e a s i l y  be the  accumulation of mzny "accidents" from many sources 

with a build-up of a c t i l i t y  t ha t  can be dangerous. 

sense, there is  no need for  rad ia t ion  monitoring, b u t  on Lie other hand, 

there is the g rea t e s t  need f o r  rad ia t ion  monitoring. 

A t  

At t h i s  l eve l ,  i n  one 

The millimicrocurie h e 1  of a c t i v i t y  ( a  fac tor  of a thousand less than 

t h e  microcurie level) is  commonly ca l led  the t r ace r  l eve l  of  ac t iv i ty .  By 

de f in i t i on  this is not a dangerous level because, if it were dangsrcus, it 

would cause some b io logica l  cbange. If i t  caused b io logica l  change, it 

would not be a t r u e  t racer .  The de f in i t t on  of a t r ace r  i s  tha t  it does not 

cause a change i n  the system that i s  being studied. 

instruments fo r  measurement must be a l i 5 t l e  b i t  more precise. 

present time t h i s  i s  usual ly  a s c i n t i l l a t i o n  c rys ta l .  

monitoring instruments and the physician is not  worried about dangers t o  

personnel, bu t  he is very much worried about the contamination of h i s  

measuring instruments. 

I n  this l e v e l  the 

A t  the 

%re a r e  no rad ia t ion  

I W ~ - j q /  
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The micromicrocurie l e v e l  of a c t i v i t y  (a  fac tor  of a thousand less 

than a rrdllimicrocurie) i s  i n  the range o f  what 5s commonly ca l led  

l'low-leveln act ivi ty .  

th inss  as the human body. 

measured and. the methods of measuring micromicrocuries i n  the human body 

aoproach, even if they do not measure t h i s  level. 

is  i n  the range of natural  background, i n  the range of the na tura l  amount 

of  radioactive potassium i n  the body, i n  the range o f  cosmic radiation. 

5-nstruments for  measurement a r e  vem spec ia l ly  shielded, have very special  

e lectronics ,  and demand an educational competence t h a t  is cer ta in ly  d i f fe ren t  

from, and probably more st r ingent  than tha t  for Lle higher levels  of act ivi ty .  

There a re  no heal th  physics problems regarding personnel, bu t  there are 

exceedingly grea t  heal th  physics problems regarding t h e  instruments. 

a re  no dangers (except e l e c t r i c a l  and mechanical and the f a c t  t h a t  people 

can f a l l  down s t a i r s )  connected w i t h  these machines, but %hi s  i s  the l e v e l  

a t  which health physics t h i m n g  has t o  start. 

Nobody can yet measure micromicrocuries in such gross 

However, under special  circumstances, it can be 

This low-level ac t iv i ty  

The 

Th6re 

I n  10 years of operation i n  the Medical Division no Derson has had 

su f f i c i en t  experience with a l l  o f  these leve ls ,  and t h l s  s i tua t ion  i s  

probably true throughout the world. 

l sve l s  of radioact ivi ty ,  b u t  many persons hme hPd some experience with 

d i f f e ren t  levels o f  ac t iv i ty .  

experience working z t  the mill ixicrocurie l e v e l  through the kilocurie level.  

The rad ia t ion  e f f ec t s  that occur with f a i r l y  large doses of rad ia t ion  are  

described i n  other documents. B u t  the 15iixor'1 accidents t h a t  occur a re  very 

seldom described. 

of these "minor" accidents and what is actual ly  done about them. 

accident i s  a cobalt  leak. Another is an alleged iodine s p i l l .  

these accidents hur t  somebody b u t  both could have hur t  somebody. 

No person has had experience wi th  a l l  

I n  the liledical Division we have had 

It i s  the purpose of this docment t o  describe a number 

One 

Neither of 

The 
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i n t e re s t ing  thing is t h a t  both incidents were handled i n  about the same 

way - with wipe t e s t s  and education. 

a r e  no standard methods f o r  doing wipe t e s t s .  

t h a t  everybody should know how t o  do it, but nobody t e l l s  anybody e l se  

The tn t e re s t ing  point i s  t h a t  there  

It i s  sc) s i m p l e  a technique 

exactly how t o  do it, 

One of the standard methods of immediate education i s  t o  es tab l i sh  

warning signs. 

marw organizations heve s e t  up many methods of using many d i f f e ren t  kinds of 

Again, there a re  no standard Karning signs, primarily because 

warning signs. 

Probably the most irnportant s ingle  i t e m  t h a t  occ-ns i n  any organization 

doing radioact ivi ty  counting is the care of  the counting equipmentitself .  

Again, t h i s  i s  so simple and obvious t h a t  a l m s t  everybody knoWs, but 

nobody t e l l s  anybody e l se ,  exactly how t o  care f o r  equipment. 

Therefore, i n  t h i s  document we describe t h e  netho6s t h a t  a r e  a e d  a t  

the Medical Division, per t ic t i lhr ly  i n  these three -1reas. 

we describe one very serious radiat ion contamination incident and one very 

ser ious  public r e l a t ions  ( b u t  not rad ia t ion)  incidsnt,  

To introduce i t  

The document describes an example of  the procedures folllowed i n  the 

first cobalt  leak + h a t  was known t o  h w e  occurred. i n  a teletherapy s o x c e .  

The handling cf the l eak  i s  described i n  g rea t  d e t a i l  because 1) this  was 

the first leak t o  be noticed o f f i c i a l l y ,  2 )  there  was a s ign i f i can t  amount 

of a c t i v i t y  leaked from the scurce, 3)  i t  was an  example of an unexpected 

incident  being handled routrinely, 

organizations i n  Oak Riclge, 5 )  it involved considerable time, e f f o r t ,  and 

expense, and 6) it is  b e k g  used as a t r z in ing  example a t  t r ace r  leve ls  cf 

what might be necessary a t  higher l eve l s  of act ivi ty .  

&) it involved mny  Dersons and 
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The Location of the Cobalt-60 Incident (Figs. 1 and 2 )  

The Medical Division has a laboratory area,  a long hospi ta l  area 

containing pa t ien ts ,  and two teletherapy rooms, each ofwhich has two sepa rab  

teletherapy devices i n  it. 

room: a double-headed ro t a t iona l  cobalt-60 te1etherap;r mchlne and the f i rs t  

cesium-137 teletherapy machine containinz 1500 cur ies  of cesium. 

of  the  double-headed machine contains amroximately 800 curies. 

Two machines are i n  the room ca l l ed  the cesium 

Each head 

I n  another room (ca l led  the cobalt  room) i s  the o r ig ina l  hectocurie 

cobalt-60 machine. 

contains a 700-curie cobalt  source i n  a s p e c i a l  rnachine f o r  total-body 

i r radiat ion.  The cesium room contains, i n  addition t o  the teletherapy 

It contains 730 curies  of  coba.lt-60. The room a l s o  

machines, a treatment t ab le  f o r  each of the teletherapy machines and a 

blower f o r  a i r  supply. Directly i n  l i n e  with +he cesium room is a control 

room with two v i s i b l e  nor t s  containing the control  mechanisms :or the two 

machines. The coSalt mom contains, i n  addition t o  the teletherapy machines, 

a stand containing a l l  o f  the ccnes, a treatment co t  far total-body i r rad ia t ion ,  

and an a i r  blower t h s t  d i r e c t s  a i r  out  onto the roof of the cobal t  room. 

Hallways connect these two rooms with the pa t i en t  area,, 

I n s t i t u t e  Personnel Imrolved i n  the Incident 

William D. Jones - Administrative Assistant 

William D. Gibbs, N.S. - Health Physicist  

Lynn A .  West - Teletherapy Technician 

D. A .  ROSS, M.D., Ph.D. - Medical Physicist  

Walter E. Graves - Instrument Maker 

Ruth C .  Black, R.T. - Scanning Technician 

F. Comas, M.D. - Radiotherapist 

John M. Harris - Heal+uh Physics Technician 

William L. Blankenship - Elec t r ic ian  

I 1 3 b f 9 4  
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David B. C a m p ,  Ph.D. - Chemist (Summer Research Par t ic lpant )  

J. Howard H;(rmon - Hospital Achinistrator 

A .  C . Morris, M.S . - Electronics Engineer 

G. A .  Andrews, M.D. - Chief of Cl in ica l  Services 

Harry E. Kimble - Senior Instrument Maker 

W i l l i a m  T. Pope - Electronics Technician 

Nelson Stephens - Senior LPboratory Technician 

After  the sec t ion  containing the chronology and data  on t h i s  very 

important leak of the oxide of cobalt-60, i s  a report  o f  the manufacturers' 

conference held i n  December, 1958. 

reproduced since they have an i n t e r e s t  t o  many persc-ns other than 

manufacturers of teletherapy eqoipment. 

design of the  In te rna t iona l  Source CaDsule was the me%hod fo r  seal ing the 

cobalt-60 ( o r  any sealed radioisotope source f o r  t ha t  matter). No change 

was necessary i n  activity,  s ize ,  geometry or ava i l ab i l i t y ,  

on the type of welding now usad, wr i te  t o  E. E. Piarce of  the Oak Ridge 

National Laboratory. 

ordinar i ly  used i n  most cold m l d i n g  procedures. 

requirzments fo r  some rad ioac t iv i ty  sources . 

The minutes of t h i s  conference are  

The n r i m F i  need f o r  change i n  the 

r( ro r  information 

This welding method i s  somewhat d i f f e ren t  from thaCV 

There a re  spec ia l  

Another sec t ion  of t h i s  document i s  devoted t o  a very sho r t  

descr ipt ion of an alleged iodine-131 s p i l l .  

occurred. 

the public r e l a t ions  problem, was j u s t  as serious as t h e  problems connected 

with the  a c t u a l  cobalt  leak. 

This w a s  a s p i l l  t h a t  never 

It was pure rumor; however, t he  monitoring problem, and especially 

Many other problems could be brought out, bu t  +hey are  not  solved a s  

ye t  and may not  be solved for  many years t o  come. One is the f a c t  t h a t  with 

each group of students working on a specif ic  t ra ining course there i s  a 

gradual build-up o f  background ac t iv i ty .  Eventually, t h i s  i s  going t o  cause 

I 1 3 1 1 q 5  
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instrumentation troubles. Tne d is t inc t ion  between r e a l  nersonnel cionitoring 

and administrative nonitoring for l ega l  puruoses is a serious one. 

b u t  w i l l  not, be described i n  de ta i l .  

which a re  an administrative method of monitoring, how :hey should be Morn, 

who should wear them, where they should be worn, when they should be worn, 

ra i ses  a host of questions tha t  are not as answerable as they are arguable. 

It should, 

The wnole problem of film badges, 

There is insuf f ic ien t  space i n  tiis document t o  describe a l l  these 

problems. 

methods tha t  a re  used a t  the Medical Division f o r  coping with  is type of 

problem. 

a piece of counting equipment, we a re  a l so  including an a r t i c l e  cn the very 

simplest kind of preventive maintenance. 

leading up t o  the ubiquitous nature of Section 8, 

Therefore, we describe two events and describe i n  d e t a i l  the 

Because of its ever-present importance t o  every pe=lson that touches 

I n a s e n s e  the ent i re  document i s  



William D. Gibbs 

'. 

(Editor 's  Note: 

A s igni f icant  rad ia t ion  contamination was discovered on Monday, 

September 8, 1958. 

Medical Division a t  t h a t  time. 

leaking cobalt-60 teletherapy capsule i n  one of the heads of the double-hea<ad 

teletherapy machine. 

s t r i c t l y  chronological order, but attempts t o  arrange the  material  by 

subject matter. 

Mr. William D. Gibbs was the heal th  physicis t  f o r  t h e  

The radioisotope was cobalt-60 d u s t  f rom a 

I n  this narrative report  Yr. Gibbs does not f o l l o w  a 

The next sect ion is a chronological report,) 

Discovery o f  Contamination and Determinat2on of Duyation 

On Monday morning, September 8, 1958, routine snear t e s t s  were s t a r t ed  

i n  the 1Pboratox-y wing of the  ORINS Medical Division. 

smears had been taken and counted, it was dztemined that a minor 

contamination was present i n  t'nis i+ri.zg. A t  &out  ll:3O a.m. the te1etherzE:t 

technician, L.A.W. approached a scanning device being run by R.C.B. on which 

a pat ien t  was being scanned. 

counts t h a t  were obviously not from the pationt.  

removed from and brought toward the nachine and i t  was thus determined t h a t  

L.A.W. was the source of rad ia t ion  and not the pat lent ,  

Medical physicist ,  then checked L.A.W. with a simple hand sc2.nner and foui:2 

him t o  be contaminated. The e a r l i e s t  contaI?fnation w a s  found on L.A. t i . t s  

hands and a hasty analysis  with a s p e c t r m e t e r  led Dr. Ross t o  belLevs th?t. 

the %sotope was cobalt-&. 

thoroughly R T ? ~  check them again. 

b u t  addi t ional  contamination was detec+,ed on his clothing and shoes, 

t h i s  time the health physicis t  v a s  notifitid and L.A.W. was decontaminated as 

described ir ,  another section. 

After a number of 

A s  he neared the mac!line the scanner r e c e d e d  

L.A.Fr. was then a l t 2 x a t e l y  

D r .  D. A .  Ross, 

L.A.W. was inst ructed t o  scrub h i s  hands 

They m r e  scccessful ly  decontaminated, 

A t  

It wss Ccund t h a t  he hpd been working i n  the 1 1 3 b 1 9 1  
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cesium room dojmg a rout ine treatment of a number of patients. 

using the double-:?eaded cobalt-60 machine . 
He had been 

Smears were taken i n  the hallway adjacent to the teletherapy rooms, 

and these a l l  showed a small amount of radioactive material. 

instrument maker who had been working i n  the room, was then checked and he, 

too, was contaminated. 

was i n  the cesium room. Access t o  this area was closed off. 

W.E.G., an 

This led us  t o  believe tha t  the  source o f  trouble 

(See section 

e n t i t l e d  "Early Personnel Monitoring, Decontamination, and Protection.'' 

Subsequent checks of a r t i c l e s  o f  clothing worn by technicians R.C.B. 

and L.A.W., arrl Dr. F. C. ( radiotherapis t )  on Thursday, September 4, revealed 

barely detectable amounts of radioactive na te r iz l .  

t h i s  s i t ua t ion  had not long existed. 

Therefore, we believe tkt 

We believe t h a t  the c o b a l t 4 0  SourCP in 
i 

the No. 1 head of the double-headed tslethe=.auy machine began t o  leak 

sometime between September 1 and September b,  and that the leak becane 

increasingly serious from September 4 t o  September 8. 

been leaking t o  any grea t  extent fo r  a long period o f  t i m e ,  a r t i c l e s  of  

contaminated clothing and k n i t u r e  would have been found i n  the homes of 

L.A.W., R.C.B., and Dr. F.C. 

If this source had 

' .  

Ident i f ica t ion  of  Radioisotope - 
Dr. Ross attempted t o  iden t i fy  the radioisotope involved by rulriing a 

garma spectrum o f  several  a r t i c l e s  of W.E.G. 1s contaminated clothing, and 

a l s o  by running a gamma spectrum on smears taken i n  the cesium room. 

ear ly  attempts l ed  h i m  t o  believe tha t  .t"c isotope was cobalt-60, b u t  a 

defect i n  h i s  s c i n t i l l a t i c n  c r y s t a l  mads i t  inpossible t o  say t h i s  definitsLy. 

Later a f t e r  changing s c i n t i l l a t i o n  c rys ta l s ,  another gamma spectrum was nix 

on both I!.E.G.ls clothing and the smears and a spectrum similar t o  tha t  o f  

Thesa 
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cobalt-& was obtained. A known cobalt-60 source was analyzed and the 

. 

spectrum of the known cobalt source was identic21 with those obtained from 

W.E.G.'s clothing and from the smears. 

National Laboratory (ORNL) a l so  did a gamma spectrum on a number of smears 

taken i n  the cesium room, and they agreed tht t h i s  was cobalt-60. 

Health physicists _Cram the Oak Ridge 

I n  

addition they did an absorption measurement t o  distinguish cobalt  and cesium, 

and definitely established tha t  the isotope we were faced w i t h  was cobalt-60. 

Determination o f  Origin o f  Contamination 

A t  about 6:ls p.m., September 8, John Harris (health physics 

technician) entered the  sealed cesium and cabal+, rcom and took smears a t  

many locations. The counts on these smears indicated that ths cesium room 

was much more highly contaminated than the cobalt  room. We f e l t  def ini te ly  

tha t  the trouble l ay  i n  the c e s i m  room i n  cne o f  the heads of t'ne double- 

headed cobalt-60 macEns. Smears taken i n  several  collimators on both  heads 

of the double-headed machine and on tke outsides o f  both heads revealed 

tha t  the No. 1 head vas contaminated 5c an extent a t  l ea s t  10 times greater  

than the No. 2 head. 

la rges t  collimator on the No. 1 head, 

The most severely contaximted area was inside the 

This smear vas l a t e r  assayed and 

con+.ained about 15 microcuries o f  cobalt-60, 

by members of the Health Physics Division o f  ORNL su?ported t h i s  measurement. 

Smears taken the following day 

Evidently the source capsule i n  the No. 1 head of the double-headed 

machine had somehow developed a leak and cobalt  oldde d u s t  vas being l iberated 

from t h i s  head, 



Extent of Bui ld ing  Contamination 

Smears taken throughout the teletherapy area and E ving of  the h i l d i n g  

revealed that the contamination leve l  became much lower a s  the distance 

from the  teletherapy roans increased. Calibration showed that the average 

contamination l e v e l  i n  the cesium room w a s  s l i a t l y  above 1 microcurie per 

square foo t  of surface area. 

was estimated as between 0 . land  l n i c r o c u r i e  per square foot. 

The l e v e l  of contaminatLon i n  the cobalt  room 

The leve l  of 

contamination i n  the cesium control  room and i n  the adjacefit hallway was 

about the same as t h a t  of the cobalt room. 

leading i n t o  the Oak Ridge Hospital t o  the area of the F'rigidaire 

air-conditiordng unit (see map) had a contamination l e v e l  between 0.05 and 

0.1microcurie per square foot ,  

air-conditioning unit were surveyed and the a c t i v i t y  present i n  these f i l t e x  

The main hallway from the doors 

The intake f i l t e r s  of the M g i d a i r e  
I) 

was about the same l eve l  as t h a t  present i n  the cobalt  teletherapy room. 

The levels i n  the r e s t  o f  the building were a l l  determined t o  be much l ess  

than 0.05 microcurie per  square foot. 

Early Personnel Monitoring, Decontamination, and Protection 

Immediately a f t e r  the discovery o f  the contaminaticn i n  the teletherapy 

area, a l l  employees who had worked i n  t h i s  areatJcro monitored. 

enployees were known t o  have worked therc during the morning o f  September 80 

O f  these four, L.A.W. and W.3.G. were carrying s ignif icant  contamination 

on t h s i r  clothing and bodies. 

showered i n  the Medical Division, 

paper bags, sealed 15th tape, and s tored f c r  future  disposit ion.  

Four 

These two employees i m e 8 i a t e l y  stripped and 

A 1 2  5he-b clothing was placed i n  waxed 

The two 

employees were again monitored a f t e r  a thorough scrubbing. 

of res idua l  c ontaminaticn was found on WOE. G. 1s hands . 
A small amount 

L.A .W. was c mple t e l y  

f r e e  of contamination except f o r  the area ?round h i s  nose. This was l a t e r  
1 1 3 b i 1 0 1  
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found t o  be due t o  an accumulation of cobalt-60 dust  inside the nasa l  

passages. 

and monitored; significant contamination was found on his clothing and 

forearms. 

thorough scrub down. 

These men were given surg ica l  scrub s u i t s  and laboratory coats t o  wear home. 

Their shoes were decontaminated by scrubbing wi th  a stiff brush. 

a summer research par t ic ipant  from the University of the South, the fourth 

person who had been working i n  this room, was monitored, 2nd no s igni f icant  

contamination could be found with the  exception of a few low-level areas  

on h i s  laboratory coat. 

The e lec t r ic ian ,  WmLmB., was ca l led  back t o  the Medicel Division 

He was rel ieved of h i s  clothing and placed in the shower fo r  a 

After t h i s  no contamination could be found on his bcdy. 

Dr. D.B.C., 

W a r n i n g  signs were placed i n  the  hallirays and the shoes of a l l  

personnel of the Medical Division on ju ty  vsre monitored. 

several  employees were found t o  be de tec ta t ly  contaminated and these 

employees were i r s t ruc t ed  t o  scrab the soles  o f  t h e i r  shoes wi,';h soap and 

water and a brush. After t h i s  they reported back t o  the heal th  physicis t  

for  a check t o  see whether this procedure had been successful. 

employees were unsuccessful i n  decontaminating t h e i r  shoes; these shoes 70-9 

d a c e d  i n  waxed paper bags and sea led  f o r  fcr2her action. 

never successfully decontaminated. 

i ias te disposal  area 

The shoes of 

O n l y  t+,D 

Thess shot; - . e r e  

They were l a t e r  buried a t  the ORNL 

A t  this time a number of f i l t e r  p a p r  smears were taken i n  the 

hallway leading through the te le therapy area. 

a s igni f icant  contanination o f  the f loo r  5 h i c g h  this hallway. 

Assay of these  smears revealed 

(See d:-c;r:;; 

f o r  levels.) The f l o o r  i n  the hallway w 2 s  mopped with warm soap and w a t z r ,  

anl w a x  remover was applied. After t h i s ,  another se r ies  o f  f i l t e r  p=?er 

smears were taken and countedo The leiTel cf contamination was reduced t o  

about 10 per cent  of t h a t  o r ig ina l ly  found. The hallway floors p:er6 a g a i n  
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mopped with warm soapy water, dried, and another s e t  of  f i l t e r  paper smears 

taken. A t  this time the contamination was only 2 or 3 times background. 

The hallway was then opened t o  employee t r a f f i c .  

Monitoril.$ and Decontamination i n  Areas Outside o f  the Nktdical Division* 

E a r l y  i n  the afternoon of September 8, W.E.G. was supplied - i t h  

radiat ion detection instruments and instructed to  go t o  h i s  home and monitor  

the areas he might have contaminated. 

t h a t  he had detected contadnat ion  present on his  couch i n  the l iv ing  room, 

on the rug i n  the living room, arad on snveral  a r t i c l e s  of clothing worn by 

his wife and young son. 

and bring it t o  the Medical Division immediately. 

Medical Division, he was furnished a vacuum cleans? 2nd instructed t o  retuil:: 

About 30 minutes l a t e r  W.E.G. reported 

W.E.G. was instructsd t o  bundle up this clothing 

Uyon arriving a t  the 

t o  h i s  home and attempt t o  decontaminate the sofa, rug, and an,y other  

contaminated areas i n  the house by use of t h i s  vacuu- cleaner. A t  t h i s  

time he was inst ructed t h a t  if the rw and sofa did not cane ciean under a 

thorough vacuum cleaning, that  a commercial upholstery cleaner shculd be 

applied. 

sofa out in to  h i s  yard and saturated t h i s  w ? t h  a stream cf water f r o m  a 

garden hose.u* TMs a l s o  proved t o  be unsuccessfd. 

couch and rug onto a t r a i l e r  and took them t o  the ORINS warehouse. 

These attempts were unsuccessful and I.T.E.G. took  a cushion from the 

W.E.G. then loaded t h e  

PWitorts Notes: * It should be remembered that most of the personnel d o  are named here a re  
wel l  t re ined t o  use rad ia t ion  detectton ins t rurcn ts  and are  expected t o  
be able t o  do t h e i r  am heal th  physics monitoring. This m i g h t  not be th?  
usual s i t ua t ion  i n  an area outside of  Oak Ridgs, and i n  this case the 
procedures mentioned i n  t h i s  subsection might not be advisable. 

-H The dispersion of a small amocnt of a c t i v i t y  is  acceptable. If t E s  were 
a la rge  amount of a c t i v i t y  dispersion would not be acceptable. 



D u r i n g  t h e  morning of September 11, attempts were made t o  

decon+an&nate tJ.E.G.ts rug and sofa. 

with a vacuum cleaner. 

upholstery was buried i n  the ORNZ waste disposal  area, 

The rug m s  compbtely decontaminated 

The attempts on the couch were not successful; the 

Ear l ie r  W.E.G. had reported that his  automobile, a 19b8 Dodge, also 

contained a moderate degree of contambation, 

wheel, floor mat, brake, and accelerator were contaminated as well as  the 

f ront  s e a t  on the driver 's  side. 

car  u n t i l  fur ther  ac t ion  could be taken. 

t o  the Medical Division with another bag o f  laundry containing sheets, 

pillowcases, and various a r t i c l e s  of clothing t h a t  were found t o  contain 

some radioactive material. These were placed i n  waxed bags and held for  

fur ther  disposition. 

He reported tha t  the steering 

W.E.G. was instructed to  park and lock his 

During the afternoon he returned 

On the afternoon of Se7tember 9, the health physicist  went t o  W.E.G.'s 

home and made a rad ia t ion  survey. 

be located i n  the house a t  this time were one kitchen chair  and the vacuum 

cleaner Mrs. I.'.E,G. had used on Saturday afternoon (September 6) i n  cleaning 

the house. W.E.G. was inst ructed t o  attempt decontmimtion of the kitchen 

cha i r  and the vacuum cleaner was taken t o  CETNS Medical Division, 

September 10 the vacuum cleaner was decontaminated, supplied with a new Sag 

and back f i l t e r ,  smears were taken inside this cleaner, and revealed 

background o r  near background levels.  

The on ly  contaminated objects t h a t  could 

On 

On September 1 2  the cleaner was 

returned t o  its owner. 

An estimate of the t o t a l  amount of radioactive material  present i n  

W.E.G.'s house a t  any time, with the exception of h i s  work clothes,  was 10 

microcuries . 
W.E.G. m s  auestioned about any v i s i t o r s  who might hpve been i n  h i s  

home ?.wing the weekend of Septeinber 6 o r  7. 

laqwho l i v e s  i n  K n o H l l e ,  had visi-;ed on the afternoon cf September 7 

He s t a t ed  tha t  h i s  father-in- 
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(Sunday). 

surveyed the automobile of W.E.G. 1s father-in-law f o r  radioactivity.  

could be detected. 

Late i n  the afternoon o f  September 10 Gibbs went t o  Knoxrille and 

None 

The clothing t h a t  h i s  father-in-law b d  worn on h i s  v i s i t  

t o  1d.E.G.f~ home on Sunday was checked and no ac t iv i ty  was detected on them. 

Since the clothing was i n  d i rec t  contact w i t h  a r t i c l e s  i n  W.E.G.'s home and 

contained no contamination, and since his automobile was the first object 

that  he touched upon leaving W.E,G.ls home and this a lso  contained no 

contamination, no fur ther  survey was made i n  h i s  home. 
We D. Jones, Adkinistrative . AssiEtant 

Early i n  the afternoon of September 8 D r .  D23.C. and 1. took a 

laboratory monitor t o  Dr .  D.B.C.'s apartment i n  Cambridge Hall. There was 

no increase i n  the monitor's sound o r  needle indicat ion on anything i n  the 

room. 

was a questionable change i n  the sound of tine m r i t o r  when the closet  was 

surveyed; a p a i r  of pants t ha t  Dr. D.B.C. had i n  a paper bag i n  the closet  

His bed, floor, chairs,  desk, wnd door were careful ly  surveyed. There 

had some measurable counts. These were taken t o  the Medical Division ard 

then sen t  t o  ORNL f o r  decontaninakioc. 

Late i n  the afternoon of Septerri3er 8, M r .  J. H. Harmon, Senior 

AGninistrative Officer, and Jones went t o  L.A.W.fs home i n  ?!artburg t o  make 

a sumey fo r  possible contamination. 

i n  the bedroom. 

They mde a carefGl survey o f  everythipg 

No detectable rpdiation was found except i n  the closet  where 

L.A.W. had placed a pair cf pants, a s h i r t ,  and a pair o f  shoes i n  a paper 

bag. 

Medical Division, was removed and a f t e r  a thorough exzmination of t he  closet,  

The bag containing the clothing, which had been contaminated a t  the 

it was c l ea r  that  no contam;na.tion was present, After a carefu l  survey of 

the living room, its contents, the den and contents, h a l l  rugs, and fLoor as 

well a s  the Litchen and bathroom, it was determined tha t  no contaminatior- ~,31iz 

present i n  the house excpet on the clothing, 

i n  any way, but they w e x  relieved t o  h o w  %--at the house had no t  bem 

L.A.l! .fs fa,mily was no t  upset 

contamlcated. 



On returning from Wartburg, Harmon and Jones went t o  R.C.B.Is  home i n  

Oak Ridge. 

kitchen, and. automobile, but f a i l ed  t o  detect  any contamination. 

They did a careful  survey of  t h e  l iv ing  room, s tudy ,  bedrooms, 

During the af"&rnoon of September 10, contaminated'clothing and other 

items were sen t  t o  ORNL fo r  decontamination. 

packed f o r  shipment t o  ORNL, they were ident i f ied  by the owner and a l i s t  

was made. 

As these i t e m s  were being 

On the morning o f  September ll W. D. Jones, 

and W. D. Gibbs v i s i t ed  Dr. F.C.'s apartment and mde  a rad ia t ion  survey. 

activity could be detected on the clothing t h a t  he had worn a t  work on 

September .!I, and no detectable contimimaon was found a t  any locst ion i n  

h i s  ap r tmen t  . 

?!o 

Actions of Personnel Working i n  Contaiinated Area 

W.L.B. was i n  the cesium room f o r  a t o k l  o f  50 minutes on Xonriay 

morning, September 8, 1958, from 7:lO u n t i l  8:OO. 

putt ing the protective covers on the  double-headed cobalt-60 machine . 
protective covers are  located a t  the backand along t h e  bottom o f  the 

m.xkine. 

machine. 

f l o o r  and lean against  the w a l l  t o  do the necessary ,job. 

He was ass i s t ing  1 J . Z . C .  In 

l ? ~ s a  

Both men had t o  crawl between the  heads t o  g e t  t o  the back o f  % e  

Both were working i n  very close quarters and had t o  s i t  on &the 

D r .  D.B.C. was i n  the cesium and ccn t ro l  room on Friday rnornir.g, 

September 5,  f o r  one hour between 8:oo and 9:OO. 

rooms on Monday morlling, September 8, from about 8:30 u n t i l  9:OO. 

work r e w i r e d  him t o  use one of the cobalt-60 heads t o  i r r ad ia t e  l i q u i d  

samples, which were i n  t e s t  tubes. 

which was placed over a selected collimetor on the No. 1 head of the 

inachine. 

and t k e  samples vere i r rad ia ted  for  about 3 t o  n5mtesb  D r .  D.3.C. c s k a l l ?  

He again worked i n  these 

Dr. 3 . 3 . " ' ~  

The t e s t  tube was i n  a holding devica, 

After the tubes were placed i n  position, the machins T J ~ S  tarr.sd -I: 

I 1  3 b S O 8  
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prepared 10 samples a t  a time far irradiation. 

only one-test  t u b e  2 . L  a time, he made many trips between the cesium room and 

the contrcl  room. 

Because he could i r rad ia te  

L.A.14. assis ted i n  the treatment of fou r  p t i e n t s  m !hursday morning, 

September L, between 9:OO and 11:00, w i t h  the double-headed cobalt-60 unit. 

On Friday, September 5,  and Monday, September 8, L.A.V. ass i s ted  with four  

patients each morning between 9:OO and 11:OO. 

Monday, he spent a t o t a l  of  six hours i n  the cesium and control rooms. 

t h i s  time he was using the double-headed moving-beam cobalt-60 teletherapy 

mpchine. 

aligns the two heads, and selects  the two collimators before he leaves the 

cesium room.) 

On Thursday, Friday, and 

During 

( In  this procedure he helps the patient onto the table, adjusts it, 

I n  the control r o m  he selected t k  proper treatment factors 

and activated the machine. 

During t h i s  time he watched the pat ient  through the obsematioc port .  

the machine cut  of f ,  he re-entered %he cesium room and helped the patient 

o f f  the table. * 

Average treatment t l m s  was 8 t o  10 minutes. . 
When 

W.E.G. was i n  the cesium room and control room for a period of 2 1  hows 

between FTiday, September 5,  a t  1:OO p a .  and Mcnday morning, September 8, 

a t  8:30. 

6:30. 

W.E.G. worked i n  the area on F r i d a y  afternoon between 1:OO and 

On Saturd2y between 1O:OO a.m. and 7:OO plm., with time o f f  f o r  lunch, 

he spent 8 hours. On Sunday, September 7,  he was in the cesium room be%vee?. 

noon and 4:OO p.m., and 7:OO p.m. u n t i l  9:OO p.m. On Monday morning between 

7:lO and 8:30 he was i n  t h i s  area. For W.E.G. t o  determine the exact location 

and type o f  trouble, it was necessary for him t o  completely check and & j u s t  

the en t i re  computer c i r cu i t ,  both e l ec t r i ca l ly  and mechanically. 

adjust  the cobalt-60 machine, it was necesszry t h a t  he remove the protscti-2 

To t e s t  and 

- - 
w -a+ 

0- 
C3 
0 
s 

Editor's Note: 
down radiation is t o  g e t  a detailed summary cf every person who was i n  the 
cont.minated area ard t o  f o l l c w  his a c t i v i t i e s  up t o  the time of the 
S W t j ' .  Fortunately, i n  the Medical Division the patients bre kept re th in  
the area and these cculd be surveyed evedit',ously as a ?a r t  o f  routine 
procsdures 

One o f  the most d i f f i c u l t  features of  attempting t o  track 
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covers f ro-  the back and bottom of  the machine. 

covers, he had t o  crawl between the heads. 

To remove these 9rotective 

H i s  dosimeter, d i r e c t  reading type, 

registered 70 mr for the t o t a l  time spent i n  the cesium and control rooms. 

From 1:3O u n t i l  3:OO and 6:30 u n t i l  8:30 on the afternoon of  

September 7, A.C.M., e lectronics  engineer, was i n  the  cesium and control  

rooms. 

unit f o r  W.Z.G. After the contamination was discovered on Monday, A.C.M. 

He spent most of the time i n  the control  room tes t ing  the cobalt-60 

checked the clothing he wore on Sunday and found h i s  f ront  pockets were 

contaminated. 

detectable radiation. 

He took a survey meter and surveyed h i s  home but found no 

No other clothing was contaminated. 

Urine Collections 

Twenty-four hour urine samples were s t a r t e d  on W.E.G., U.W., and 

W.L.B. a t  h:30 p.m. on September 8, a f t e r  an in i t ia l  voided sam?le was 

collected separately. 

morning on D r .  D.B.C. 

Physics Division, ORM;, assays of the  2b-hour urine specimens were oerfmned. 

Detectable r rd ioac t iv i ty  was present, the highest l eve l  i n  1d.E.G. , lower 

levels  i n  L.A.W., Dr. D.B.C., and W.L.B. 

the whole-body counting gave much b e t t e r  r e s u l t s .  

* 

A similar 24-hour san?le was s ta r ted  the following 

Through arrangenents made with I%-. Hart, Eczlth . 

No quantitation is reported since 

On the preliminary voided specimens, Dr .  Ross found cietecta5le 

radio3ctivity.  

sample from W.E.G. 

be as much as 0.1 t o  0.15 microcurie of cobalt-60 i n  the voided sample; 

therefore, the whole-body counting procedure w a s  ins t i tu ted .  

This was i n  the neighborhood of h 5 c e  background i n  the 

A rough estimate mpde a t  t ha t  tima was tha t  there might 



Whole-Body Counting 

On September 9 or 10, Dr. Andrews cal led D r .  C. R. Sull ivan of the 

medical staff of ORNL t o  inquire about the  poss ib i l i ty  o f  a whole-body assay 

with t h e  highly sensi t ive methods they have ava ibb le .  Dr. Sull ivan n u t  us 

i n  touch with Mk. Burlchart, who is  i n  charge of the whole-body counter. 

appointment was  made f o r  studies on the four  exposed persons, but t h i s  had 

One 

t o  be canceled because of e lectronic  d i f f i c u l t i e s  a t  the plant; however, 

the s tudies  were done on Friday, September 12. 

Each person was asked t o  take a shower and dress i n  a clean gown. He 

was placed under t he  L x 9-inch s c i n t i l l a t i o n  crystal ,  which feeds in to  a 

256-channel pulse-height analyzer. 

shielded with i ron  and tungsten; it has very l i t t l e  d i rec t iona l  quali ty,  b u t  

The c r y s t a l  is Ln a room heavily 

was i n  general placed over the chest. 

me following preli-minary leve ls  of a c t i v i t y  were reported: 

A cobalt-60 standard was a l s o  countz::’n 

W.E.G. 0.18 nicrocurie 

L.P .w. 0.098 mic:-ocurie 

Dr. D.B.C. 0.007 microcurie 

W.L.B. 0.003 microcurie 

Consideration was given to  using the l i nea r  scanner i n  an e f f o r t  t o  

determine the location of the radiopct lvi ty ,  b u t  preliminary s tudies  by 

D r .  Ross indicated t h a t  a tenth of a microcurie of cobalt-60, even i n  a 

concentrated source, would be barely detectable on the l i nea r  scanner. 

The levels  of rad ioac t iv i ty  reported by the whole-body counter are l o w  

i n  r e l a t ion  t o  the maximum permissible l m e l  of  10 microcuries. On the 0tF.n;- 

hand, t h i s  m a x i m u m  perniss ible  l eve l  is calculated on the basis o f  soluble 

cobalt  compounds atsorbed i n t o  the body. 

largest concentration per gram, and the mastimum p m i s s i b l e  dose i s  based 

I n  this s i tua t ion  +he l iver has ’.hn 

upon the liver as the one chief concentration. If a s m l l e r  amount of 

ecti-city m r e  present, as a small  f o c a l  p a r t i c l s  i n  the lune, tne radiat ion 



a t  t h i s  locat ion might be significant,  wen  w i t h  l ess  than 10 microcuries 

of act ivi ty .  

Iater measurements showed tha t  the cobalt  was being redis t r ibuted and 

excreted, with a biological ha l f  time of about l.b days. 

Consultations 

On the afternoon of September 8, a f t e r  the extent and seriousness of 

the contamination had been p a r t i a l l y  determined, Dr. C. S. Skoup, Chief, 

Biology Bramh,  Research and Development Division, a t  XEC w a s  notified.  

Within an hour Dr. Shoup came t o  t h e  Medical Division and was furnished with 

a l l  the information then available. Late i n  the inorning of SaptemSer 9 the 

Health Physics Division a t  the Oak Ridge National Laboratory was called,  

The problem was h a s t i l y  explained and we requested t h a t  a health physicist  

come t o  the Medical Division t o  of fe r  advice, Within two hours two health 

physicists,  M r .  Kuna and Dr. Emerson, came to the Medical Division. The 

extent of the contamination was explained t o  them, andh. Emerson took set-em1 

Smears previously obtained from the cesium room t o  ORNL f o r  spec t r a l  analysis 

and radioassay. Mr. Kuna was taken ' i n t o  the cesium room t o  look the  

s i t u a t i o n  over and make some measurements of h i s  own. Mr. -Kuna then 

suggested techniques f o r  decontamination. A t  3:OO p.m. Dr. h e r s o n  reported 

that the samples he had taken to the Oak Ridge National Laboratory definite:.qr 

contained cobalt-60 and t h a t  the amounts present ranged from 0,8 microcurie 

t o  1s microcuries. They furnished us with an a i r  sampler and some gas masks 

t o  use during the decontamination procedures. At a b m t  the same time 

M r .  E. E. Beauchamp and another person from the Isotope Sales Division of tkLs 

ORhT came t o  the Nedical Division t o  discuss the poss ib i l i t y  of  removing 

the No. 1 head of the double-headed machine for  t ransfer  t o  ORNL f o r  the 

purpose of decontamina.tion d determination of j u s t  what went wrong with ti;:: 

source capsule. nis procedure was carr ied out. 



The capsule w a s  removed from the No. 1 head of  the double-headed 

machine and placed i n  water. 

stream of bubbles coming from inside the capsule indicated a definit6 leak. 

The capsule was then opened, decontaminated, and upon inspection i t  was found 

that the lead 0 rings had parted. 

have been due t o  heating o f  the capsule by the intbnse ac t iv i ty  of LFe 

source. 

opening the source. 

The water was then slowly heated up and a 

There is a poss ib i l i t y  t ha t  t h i s  could 

It also could have been done by the mechanical action o f  sealing o r  

Decontamination of Building and Equipment - Disposal of  ?d.stes 

The procedures used i n  decontamination of  the building and equ3.pmen-t 

grew out of discussions with the health physicists from the Oak Ridge 

National Laboratory. 

Decontamination of Cobalt Room: Upon entering the cobal t  room a 
' 

quantity of oil impregnated sawdust f loor  mee?ing compound was spread ovcJ-  

the f loors  and a l l  objects insfde the room. An a i r  sampler was started. t o  

keep check of t h e  air contamiration. Vacuum cleaners were then moved i n t o  

the room and a thorough vacuuming of  the ceil ing,  w a l l s ,  floor,  and a l l  

objects i n  the room was begun. Because of  a large accumubtion of  

unnecessary junk i n  the cobalt  room, the decontanination problem was g r e t t l y  

magnified. 

ever, used),a large number of plywood boards, bed sheets, large jugs f i l l 5 2  

These m a n y  objects included chairs,  beds (which are  seldom, If 

with water, many pencils, and numerous other small a r t i c l e s .  A l l  these 

a r t i c l e s  were e i the r  decontaminated o r  sealed i n  p l a s t i c  bags f o r  d i s p o s a l .  

After a thorough vacuum cleaning the floor, concrete w a l l ,  and a l l  obciect? 

i n  the room were wiped w%th damp cheese cloth. Each square of  cheese c lcC:7 

was moistened with water, wiped over an area &about fcur square f ee t ,  arc! 

then plFced i n  a disposal can. No piece of  c loth was ever remoistened i n  L-.? 

water. Upon co??letion of these actions a number of smears were taken i n  

l t 3 b 8 1 3  





2.15 

the cobalt  room, and the a c t i v i t y  present on these smears was background or 

near background level with the exception of a smear taken from the collimator 

of the hectocurie teletherapy machine and a smear taken from the base o f  the 

temporary total-body i r rad ia tor .  The air-conditioners and blowers i n  t h i s  

room had been d o a c t i n t e d  before the decontamination procedures begar 

Decontamination of the Cesium Room: Since the l eve l  of contamina~on 

oresent i n  the cesium room was about t e n  times t h a t  i n  the cobalt  room, a 

great  dea l  of care wasdken upon entering the room t o  move s lowly  and avoid 

s t i r r i n g  up a cloud of cobalt dust. A quantity of o i l  impregmted sawdust 

f loor  sweeping cmpound was careful ly  sca t te red  throughout the room and an 

a i r  sampler w a s  started. 

a i r  contamination i n  the cesium room was nct dangerously high, a vacuum 

cleaner wss moved i n  and the No. 1 h2zd of the fiouble-headed machine was 

carefu l ly  vacumed. As this was done a slxvey meter was held m a r  the 

exhaust port of the vacuum cleaner. 

of this exhaust p o r t  increased rapid&. 

turned off b u t  the readings remained ‘nigh. 

readicg was caused by d u s t  pa r t i c l e s  being trapped i n  the f i l t e r  placed i n  

the exhaust port and t h a t  no significar,t amcmt o f  cobalt  d u s t  was es7aping 

throu.gh this f i l t e r .  

sampler. 

then soaked with a l i g h t  oil. 

head, it was sealed under four layers of p l a s t i c  mater ia l  t o  prevent any 

fur ther  escape of cobalt-60. 

cesium-137 machine was covered with a Layer of plast ic .  

decontaminated thoroughly only 2 f t e r  the contaminated cobalt-& head vas 

removed from the room.) 

walk ,  cei l ing,  f loor ,  and a l l  objects present  - was thoroughly vacuumed. 

A f t e r  t h i s  the e n t i r e  floor, concrete w a l l ,  and all obj, pc+d -h the room m r e  

After the first a i r  sample had determined tha t  th:? 

The l e v e l  of ac t iv i ty  i n  the vicini%;. 

The vacuum cleaner was iImIediatew 

It was believed that  the high 

This was c o n f k e d  by the data  provided by the air 

Nevertheless, t o  insure tha t  no dus5 would escape, the f i l t e r  was 

After thorough vacuum cleaning of the No. 1 

Next ths machinery wel l  beneath the bed c f  tho 

(This well  was 

Upon completion of these actions the e n t i r e  r o a n  - 
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careful ly  xiped with damp cheese cloths a s  previously described. A number 

of smears taken a t  various locations i n  the cesium room upon completion of  

these steps revealed tha t  the levels of a c t i v i t y  had been reduced t o  

background o r  near background l eve l  i n  m o s t  areas, 

o f  the cesium room was not attempted because it was f e l t  t ha t  a fur ther  

contamination would probably occur during removal o f  the No. 1 head. 

levels  had been reduced t o  a point well  below the margin of s a fe ty  f o r  any 

persons working i n  this area, Decontamination of the cesium roan was a l so  

grea t ly  hindered because o f  an accumulation of  unnecessary a r t i c l e s .  As 

A 100 per cent  clean-up 

The 

s t a t ed  previously a l l  these a r t i c l e s  were e i t h e r  decontaminated or  sealed 

i n  p l a s t i c  bags f o r  l a t e r  decontamfnation o r  disposal. 
- 

Decontamination of Hallway: PIaw snears taken i n  the hallways (both 

on the floor and on the walls)  indicated that the level of contaminationon 

the walls was r e l a t ive ly  low. I n  the l i g h t  of this informatior,, the decisL-.-: 

was made t o  do a thorough clean-up of the floor and pay no par t icular  

a t t en t ion  t o  the low levels of contamination present on the walls until a 

final clean-up was done. The floor throughout the hallway (as f a r  as the 

residents '  office) was thoroughly mopped with soap and water, dr ied al'ter a 

water rinse-down, and the wax was taken up, Smears taken a f t e r  these steps 

showed tha t  the l eve ls  of a c t i v i t y  ?resent "'ere background or near 

backgroutd . 
Decontamination of Air-Conditioner: The air-intake f i l t e r s  i n  %he 

These Frigidaire air-conditioning uni t  were s igni f icant ly  contaminated. 

f i l t e r s  were sprayed with a t h i n  o i l  and sarefu l ly  removed from the unit  an-: 

sealed i n  ?lastic bags. A carefu l  check of the men performing this work wac 

made and no contamination was detected on t h e i r  clothing. No res idua l  

contamination vas detected on the air-conditioner. 



Disposal o f  Wastes: A l l  waste and all contaminated a r t i c l e s  were 

sealed i n  e i the r  p l a s t i c  bags or metal canse 

the radiat ion storage vaul t  i n  the laboratory wing of the Pkidical Division, 

This material  was stored i n  

A l l  a r t i c l e s  not successfully decontaminated and a l l  wastes collected during 

decontamination procedures were subsequently buried i n  the Oak Ridge 

National Laboratory waste disposal area. 

Estimates of M a d t u d e  of Contamination 

Radioassay of smears taken i n  the cesium room were performed a t  

ORNL and also a t  OFUJUS Medical Division, and l e d  t o  estimates of the total 

contamination i n  the Medical Division's f a c i l i t i e s  . 
It i s  believed that the t o t a l  amount of cobalt-60 that escaped *om 

the No. 1 head of tb double-headed teletherapjr machine does not exceed- 

100 mil l icur ies ,  A more r e a l i s t i c  f igure is i n  the neighborhood o f  20 t o  :.': 

mill icur ies ,  

A smear taken from a large (appro*matsly 1 sq ft) area inside the Large 

collimator of the No. 1 head of the dcuble-headed machine vas assayed. The 

cobalt-60 content was 1s microcuries. 

per square foot  i n  the cesium room and multipu4ng by7 the total surface area 

of  the w a l l s ,  f loor ,  and cei l ing,  and then m l t i p l y i n g  by 2 ( t o  take in to  

account the swfaces  of equipment and objocts inside the room) leads t o  thi? 

figure of 100 mill icur ies .  The smear f r o m  the la rge  collimator ias the most. 

radioactive of t h e  m a n y  smears taken i n  the roun. 

i s  undoubtedly very much above the t rue  level .  

Th i s  estimate was arr ived a t  through the following procedure: 

Taking t h i s  as an average contaqination 

Therefore, this est-ts. 

Cost Esttmates 

An attempt t o  compute the cos t  of the contanination incident must 

depend on estimates tha t  are somewhat a rb i t ra ry .  

the dzte of the  report  were careful ly  recorded, 

upon estimates. 

The incurred c o s t s  up t o  

but future costs  arn base6 

J 1 3 b 8 I 1 
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The win burdsn f o r  decontami-nating a n d  monitoring the  building and 

equipment was the respons ib i l i ty  of  Medical Division persmnel .  

of t h i s  e f for t  has been estimated a t  $925. 

assigned respons ib i l i ty  fo r  the removal o f  the No, 1 cobalt-60 head, shipping 

it t o  OWL, reassembling the u n i t ,  andproviding miscellaneous senrices f o r  

the duration of the problem. 

authorized. 

The cos t  

The maintenance department was 

A work order with a cos t  estimate of $700 was 

The Oak Ridge National Laboratory has agreed t o  disassemble the 

co'calt-60 head, decontaminate, and inspect t he  source capsule, and make 

necessary replacement o r  repairs .  

bu t  a purchase r equ i s i t i on  was made for $800, 

The maximum cos t  was estimated a t  $1000 

The upholstering of W.E.G.*s couch and the cleaning of h i s  rug was 

estimated a t  $175. The cost of discarded m t e r i a h ,  supplies, a d  small. 

items of equipment was valued a t  $300; about $lOO.srorth of materials and 

supplies were consumed i n  the clean-up work. 

contamination inc ident  has bean estimated a t  $3000, i n  materials and work 

orders. This does not include the cos t  of time and consultations and the 

The t o t a l  cost  of  the 

very s ign i f i can t  amount of work tkt was done outside of ac tua l  purchase 

reauis i t ions ,  It i s  estimated t h a t  i f  t h i s  were included the t o t a l  c o s t  of 

the contamination incident would run to  a p p r o e m t e l y  F:6000, 

Recommendations 

1. It is  highly recommended t h a t  no accumulation of unnecessary a r t i c l e s  bs 

allowed i n  any high-level rad ia t ion  area. 

recommendation t o  follow since the work tha t  goes on i n  these high 

rad ia t ion  areas na tura l ly  involves the accumulation o f  materials.  A 

separate storage f ac i l i t y  fo r  t h i s  kind of room should be maintained. 

This will be a d i f f i c u l t  



2. No a r t i c l e s  made of  unfinished wood should evar be allowed i n  any area 

where there i s  a poss ib i l i ty  of a radioactive spill. 

3 .  Where there is the poss ib i l i ty  of a contarnination or  s p i l l  of 

s ign i f icant  amounts, there should be an ltimmediatett detection sys tern. 

The doorway system recommended a t  Hanford is expns ive  and d i f f i c u l t  t o  

maintain. 

i t  is only available t o  f a i r l y  large ins ta l la t ions .  

counter, which has been made fo r  smaller i n s t z l l a t ions ,  has proved t o  

be inadequate. 

pur?ose but poses impossible administratLve problems. 

I n  the process of col lect ing the many f i l t e r  pa?er smears, it was 

noticed t h a t  a large amount of d i r t ,  dust, and l i n t  w a s  present on the 

floors, w a l l s ,  and on the tops of  the burnp boards i n  the hallways. 

High-level radiat ion areas snould not contain crevices o r  unnecessary 

ridges . 
Routine smear t e s t s  should be performed on a monthly basis. 

The manufacturers o f  teletherapy equipnent and a e  owners o f  

teletherapy units should be no t i f i ed  of the de t a i l s  of t h i s  incident. 

Although it appears t o  be the best of a l l  possible systems, 

The hand and f o o t  

A simple laboratory survey meter i s  adequate for the 

4. 

5 .  

6. 
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William D. Jones and W i l l i a m  D. Ebbs 

September 8, 1958 

0900 

1000 

1130 

1200 

1220 

1230 
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Routine smear tests were started. 

Routine smear t e s t s  indicated minor contanination. 

LAW approached scintiscanner.  

was discovered t h a t  U W  was s l i g h t l y  coctaminated. F i r s t ,  he washed 

his hands; he was re l ieved of his clothing and took a shower. After 

the  shower, no detectable  activity could be found except i n  the azsa 

of h i s  nose. 

These were s e n t  t o  the ORIJL decontamination laundry. 

suspected that the  contamination was cobalt-60. 

WEG was checked and WES highly contaminated. 

shower and his clothes placed i n  waxed bags, sealed, and s tored  fc: 

l a t e r  de contaminati on. 

Smears vere taken i n  the hallway i n  the  region o f  teletherapy r c o m .  

Average a c t i v i t y  per  square foo t  was about  0,06 microcurie. 

lfm reported that his home was ccntaninated. 

furniture were reported t o  be contaminated: 

3 )  other cha i rs  i n  l i v i n g  room, L) kitchen chair. 1'EG was asked 50 

re turn  t o  the  Medical Division a t  which t ime advice and decontmicat:  ?n 

equipner.twould be supplied t o  him. 

WI.J3 w a s  monitored and found t o  be contaminated. 

showered and h i s  clothing s tored f o r  l a t e r  decontamination. 

Nr. Hamor? c211e2 Dr .  Shoup and rsported the  ccntamination. 

The scanner began t o  r i a c t  and it 

H i s  c la thes  were Dlaced i n  waxed bags and sealed. 

D r .  Ross 

He, too, was given a 

Several  a r t i c l e s  of 

1) sofa, 2)  rug, 

iie a l so  was 
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l3OO The hallway i n  the area o f  the teletherapy rooms was moFped &rid the 

wax was removed. 

1330 Employee shoe monitoring was  s ta r ted .  J an i to r i a l  equipment vas also 

monitored, 

monitored. 

They were instructed t o  wash t h e i r  shoes with soap 2nd water, 

scrubbing with a brush, and report  back fo r  a fur ther  check. 

the exception of  two pairs  of shoes, a l l  were successfully decontaminatzd 

These two pa i rs  were sealed i n  a bag and stored f o r  l a t e r  

decontamination. 

September were not contaminated t o  any detectable extent. 

B i l l  Jones and Dr, DBC went t o  Dr, DBC's room i n  the dormitory. 

made a rad ia t ion  survey and could discover no contaminated a r t i c l o s .  

with the exception of one pair  of trousers tha t  D r .  DEC had vcrn c:: 

September 5 .  

several  radiat ion detection instruments . He w a s  advised t o  vacuum 

a l l  contaminated a r t i c l e s  i n  h is  home and then survey t o  determins 

the success of t h i s  procedure. He v a s  advised tha t  i f  these procsduu~ps 

were n o t  successful a commercial upholstery cleaner shculd t5en be 

t r ied .  A t  t h i s  time WEG brought several  a r t i c l e s  of contamina5ed 

clothing and l i nen  from h i s  home. 

be sen t  t o  the ORNL decontanination l amdry  l a t e r ,  

Smears were taken throughout the hallway i n  the p t i e n t  wing o f  the 

building. 

neighborhood of 3 t o  5 times backgramd. 

average a c t i K t y  per square foot  o f  much l e s s  than 0.01 microcay:.;, 

Dr. Shoup came t o  the  Medtcal Division. 

Laboratory coats worn the previolls week were a l so  

Several employees were found t o  havs contaminatad shoes.  

With 

Laboratory coats worn during the first week of 

13b5 They 

F E G  was supylied with an ORIAE vacuum cleaner  axl  

These were sealed and stored t o  

l.400 

A l l  these smears were vsrJ low i n  ac t iv i ty ,  i n  the 

This calculated to  an 

a20  
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1615 

163 0 

1730 

18 15 

I 1 3 b 8 2 3  

Smears -,ere again taken i n  the hallway near the teletherapy rooms. 

Contamination had been reduced considerably b u t  a s ignif icant  amount 

was s t i l l  present. 

Smears were taken from the wal l  i n  the back hallway and on top of the 

bump board. 

microcurie per square foot. 

Urine sample was collected from LAW. 

Urine samples were collected from LEG, Dr. DBC, ard WLB. 

M r .  Harmon and Bill Jones went t o  the home of LAW i n  Wartburg. 

They made a radiat ion survey throughout the house and detect,ed no 

contamination. Several a r t i c l e s  of clothing tha t  TAW had worn on 

September 5 were monitored and a p a i r  of pants, a shirt, and a pair  

of shoes indicated possible contamination. 

be barely distinguishable above background. 

Nr. Harmon and Bill Jones went t o  the home of RCB 2nd made a 

radiat ion survey throughout the house. 

detected. A spectrum of WEG's clothing was run. Immediately a f t e r  

t h i s ,  a spectrum of  a known cobalt-60 source was run. These two 

appeared very similar although nei%her exhibited the spectrum of 

cobalt-60. 

s c i n t i l l a t i o n  c r y s t a l  i n  the spectrometer.) 

The cesium r o m  and the cobal t  room were entered and smears were 

taken a t  12 locations i n  each room. 

contamination present i n  the cesium room a t  t h i s  time was greaLe-. 

than 1 microcurie per square foot. 

ir,  the cobalt teletherapy rcom a t  t h i s  time was a b o u t  0.22 

microcurie p s r  square foot. 

control  room. 

about 0.24 microcurie per  square foot ,  

Average contamination here was s l igh t ly  l e s s  than 0.01 

Levels were so low as t o  

No contamination was 

(This was l a t e r  found t o  'os caused by a defect  o f  the 

The probablp average 

The averege contamination p re i e r t  

Smears were also taken i n  the cesi.m 

Tke average contanimtion present i n  t h i s  rcom vas 



A spectrum was run on smears from the cesium room and appeared t o  be 

similar t o  the spectrum done a t  1730. Also, a t  1930 the couch znd 

rug were removed from \ .E's home t o  the 0RI;IS warehouse. 

A europium spectrum was run. This was completely d i f f e ren t  from a l l  

the others. 

Accmulated data were analyzed and plans were made fo r  act ion on 

September 9, 1958. 

Septevber 9 ,  1958 

0 815 

09bS 

0950 

lo00 

1020 

1100 

113 0 

1230 

Wet f i l t e r  paper was placed on the opening o f  t h e  

double-headed teletherapy machine. 

minutes. 

Paper 

Hallway i n  teletherapy area was mopped agzin with soap and water, ana 

dried. 

A 0.1 and a 1.0 microcurie cobalt  source were ordered from P-bbott 

Laboratories f o r  cz l ibra t ion  purposes. 

F i l t e r s  were chznged i n  the air-conditioning systems i n  the pa t i sn t  

wing. 

Two te le therapy outpatients,  who wera t rea ted  on September 8, vere 

monitored. No con+Jenat ion  was detected. Both pa t ien ts  s t a t ed  that .  

they had bathed s ince  their treatment the  previous day. 

The Health Physics Division a t  OFNL was ca l l ed  and w e  requested 

t h a t  a heal th  phys ic i s t  come t o  ths b d i c a l  Di i i s ion  f a c i l i t i e s  f o r  

consultation. 

The two cobalt-60 sources ordered a t  0950 were obtained from t i e  

Xbbott Laboratories. 

Two heal th  physicis ts  from OFSL came t o  the Medisal Division, 

No. 1 head of the 

The machine was turned on f o r  5 
No detectable contamination wzs ?resent on the f i l t e r  

These f i l t e r s  had been found t o  be contaminated on September 8, 

I I 3 b 8 2 4  
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124s Four smears that  had been taken i n  the cesium mom on September 8 

were +&ken t o  ORNL for  assay and isotope determination, 

Iko  radiation monitoring devices were calihrated with the SOUI'CBS 

obtained from the Abbott Laboratories 

Two members of the Isotopes Division o f  ORNL came t o  the Nedical 

Division and were consulted about possible removal of  the cobalt-60 

1300 

1315 

heads t o  ORNL for unloading, decontamination, and examination. 

agreed tha t  this could. be handled, 

W. D. Jones and W. D. Gibbs went t o  WEG's hcme ard made a radiat ion 

T h V  

I.&& 

survey. 

vacuum cleaner. 

The only contamimted a r t i c l e s  were a kitchen cha i r  and a 

The chair gave a reading of  about 1000 counts per 

minute on a survey meter, which was l a t e r  calibrated.  

revealed t h a t  25,000 counts per minute equzled lmicrocur ie .  The mop 

and broom i n  WEGfs home were nct contaminated although they had bee?. 

This calibratioii  

used i n  cleaning the  home during the weskend. 

with the exception of N E G l s  work clothes, the maximum amoilnt of  

It was estimated the5 

cobalt-60 present i n  h i s  home a t  any time was less than 20 n6crocurie3, 

and probably l e s s  than 10 microcuries. 

i n  decontaminating his automobile, a 19b8 Dodge. 

hrEG a t  this time was lnvolmd 

This automobile WES 

contaminated on the s teer ing  wheel, f ron t  s ea t  on the driver 's  slde, 

f l o o r  board, clutch,  brake, and accelerator pedal. D r .  Ross placed a. 

new s c i n t i l l a t i o n  c r y s t a l  on h i s  spectrometer and ran another speckmn 

on WEG's clothing as wel l  as on a known cobalt  source. These spectra 

were similar.  

1500 A repor t  from the health physics people a t  ORFL ver i f ied  tha t  the 

contaminant w a s  cobalt-60. . .  The four smears t h a t  they had been su:;--. 

with ranged i n  a c t i v i t y  from 0.8 microcurie t o  15 micrccurieso 

aLr sanpler and two gas masks were loaned t o  us by ORNL. 

An 

I I 3 b S 2 3  
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1500 Estirnstoc wer? mde, bascd on information obtained fron ORK5 of t o t a l  

contaminr-tion i n  ORI% Xedical Division fac i l i t i es , ,  The t o t a l  movnt 

of cotalt-60 l iberated from the No. 1 head cf the double-headed 

teletherapy machine was l e s s  than 100 mill icuries.  

l e s s  than 20 mil l icur ies .  

It was probably 

September 10, 1958 

0800- Information concernkg decontamination of the cobalt room ard c0ntent.s 
0930 

0915 

0920 

1000 

103 0 

1045 

1320 

fils 

1515 

along with data obtained from smears, both before and a f t e r  

decontamination, was furnished t o  M r .  Harmon. 

then relayed t o  D r .  Shoup. 

Decision was made not t o  attempt t o  begin decontamination procedures 

i n  the cesium room on t h i s  day. 

A scrub down was done i n  the passageway leading t o  the teletherapp 

rooms. 

a c t i v i t y  present had been reduced t o  near background levels. 

IdEG brought several  bags of contaminated a r t i c l e s ,  chief ly  cleanlng 

rags and a vacuum cleaner, t o  the Medical Division. 

This vacuum cleaner was decontaminated. Smears taken inside wers 

background o r  near background level .  

D r .  Ross began t o  s e t  up for  cobalt-60 assay o f  urine specimens. 

WEG’s couch and rug were examined. 

present. Estimated t o t a l  cobalt-60 content: 5 microcuries. 

Contaminated clothing and other items obtained from LAW, D r .  DBC, 

WLB, and hiEG were placed i n  separate p l z s t i c  bags. 

were packed, they were iden t i f i ed  by the owners and a l i s t  was mads. 

Estimate of the t o t a l  cobalt-60 contamination present i n  these arti:’.-.r; 

was 250 microcuries, 

Tnis information was 

Smears taken a f t e r  t h i s  procedure revealed that the l eve l  cf 

Signif icant  contamination was 

As these i t?m 
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1630- wEG and 14. D. Gibbs went t o  Knoxville t o  the home o f  WEGYs 
1830 

father-in-law, A careful  radiat ion survey was made o f  his automobiie 

and the clothing worn during his visit  t o  WEG's home on September 7. 

No evidence of  any contamination was found. 

1800- Oscontamination of cobalt  room and contents w a s  carr ied out. Smears 
0030 

taken after decontamination procedures showed t h a t  the res idua l  

contamination was less than two times normal background, The 

exceptions were t h e  base of the temporary total-body i r r ad ia to r  and 

the throat  o f  the hectocurie machine variable collimator. These two 

locations were a b o u t 1 0  times background. %lis area was O.K.'d f c r  

immediate use. Entrance t o  the cesium room w a s  sealed with tape t o  

prevent any fu r the r  escape o f  cobalt-60 dust, 

September 11, 1958 

0830 A survey of  the air-conditioning system f i l t e r s  i n  the pat ient  wing 

was made, Observations revealed that the  Fr igidaire  wnit intake 

f i l t e r s  were about 10 times background. 

Smears were taken i n  the cobalt room and adjoining hallway, 

Arrangements were made t o  run fou r  enployees (WEG, UW, Dr. D E ,  and 

\&E) through the whole-body counter a t  G F W  a t  1300 today. 

Jones and E b b s  went t o  Dr. FC's apartment and no contamination ras 

detected on clothing worn on September 4, 1958. 

detected a t  any locat ion i n  this apartment. 

Mr. Hart of the  O E i m  Health Physics Division agreed t o  assay urine fo? 

084s 

0900 

0910 

No contamination P J ~ S  

09115 

cobalt-60. Autoradiograms of  three smears taken i n  the cobalt  roo^ a:.: 

September 8 w e r e  developed. 

1030 Decontamination of WEG's rug and couch was bagm. 

successfulLy decontaminated. No luck on the couch. 

The planned t r i p  t o  ORYL by t h e  follr contazinatsd erqloyees was 

The rug was 

1 1 3 1 0 2 1 ':ah5 



postponed. The whole-body counter was out of ac t ion  - electronics  

trouble . 
Contaminated clothing belonging t o  WEG, LAW? Dr. DBC, and GiLa was 

sen t  t o  the ORNL decontamination laundry. Urine samples f rom these 

four men were s e n t  t o  Mr. H a r t  of the OFUfL Health Physics Division. 

1330 

1345 Efforts  to  c lean WEG's couch were discontinued. 

lh45 Vehicle used t o  t ransport  laundry and urine t o  ORNL was monitored. 

No contamination was detected. 

September 1 2 ,  1958 --- 
0800 

0830 

0840 

1230 

12b5 

13 00 

1330 

mo 
15115 

1600 

A i r  conditioners i n  the pa t ien t  wing were monitored. 

contamination was a t  the  same l eve l  as on September 11. 

a c t i v i t y  was found on the other  unit .  

Smears were taken i n  the  cobalt  room and adjoining hallway. 

LAW, D r .  DBC, WLB,  and FIEG l e f t  f o r  ORNL t o  be checked by the 

whole-body c ounter  . 
A new dus t  bag and f i l t e r  were placed i n  WEGrs vacuum cleaner. 

released f o r  r e tu rn  t o  his  home. 

Smears were taken from exhaust s+acks on the roof I n  the teletherapy 

area. 

Smears were taken throughout the  en t i r e  teletherapy and pa t ien t  w:r.g 

of the building. 

Gibbs, kndrews, and Ross went t o  ORYL t o  consult  with D r .  Burkhart. 

PEG, WLB,  LAW, and Dr. DBC returnzd t o  the Medical Division from c^?-?::. 

GibF;s, Andrews, and Ross returned f rom ORXL. 

The famous four were not i f ied  of the extent  of  t h e i r  i n t e r n a l  

contamination . 

Frigidaire  u n i t  

No detectable 

It w x  
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SeDternber I&. 1958 

Materials needed fo r  decontamination of the  cesium room were assembled. 

The doors leading i n t o  the Oak Ridge Hospital were closed and sealed 

with tape. 

the doors leading i n t o  the cobalt  teletherapy room were similarly 

sealed. 

people from using this area. 

and E-35. 

The cesium room was entered and sweeping compound was spread over the 

f loo r  and a l l  flat surfaces i n  the room. 

The cesium room was monitored w i t h  survey meter No. LL&8. 

l e v e l  of radiat ion i n  the  cesium room, excluding the area near the 

double-headed teletherapy machine, was lO,C39 counts per minute . - 
The dust bag and back f i l t e r  were charged i n  the Electrolux vacuum 

cleaner. 

i n  the cesium room were placed i n  large p las t ic  bags. 

sealed and moved i n t o  the  adAacent hallway. 

background i n  the hallway increased? as indicated by popping o f  a 

laboratory monitor located i n  t h i s  area. 

The No. 1 head of the  double-headed machine was vacuumed and s e a l d  

under four layers  of plast ic .  

of the vacuum cleaner w a s  monitored. Activity increased rapidly. The 

exhaust port  filter was then soaked w i t h  oil. 

The first a i r  sample was  counted. 

?his was about 0.01 microcurie trapped on the f i l t e r  paper during 2 

30-minute period. 

General decontamination of the cesium room was done by using vacu-m 

cleaners on walls, ceil ing,  f loor ,  and a l l  objects i n  the room. 

The door leading i n t o  the pat ients '  recreat ion room and 

Signs were posted a t  each end o f  the hallway t o  prevent 

Smears were taken i n  rooms E-31, 2-33, 

The air  sampler was s tar ted.  

The ge2eral. 

A new bag and back f i l t e r  were inserted. Mattresses presen+* 

These were 

A t  t h i s  point the 

As the head was vacuumed, the exhaust 

Result: 374 counts p e r  minute. 

1 1 3 6 8 2 9  
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. .  . .  

1615 

1645 

1730 

1830 

1855 

Tne secogd a i r  sample was cotmted, 

minute. 

The area of the f loo r  under the cesium teletherapy bed was sealed 

under a layer of plast ic ,  

decontaminated a t  a l a t e r  date. 

The t h i r d  a i r  sample was counted. 

The fourth a i r  sample was counted. Result: 18 counts per minute. 4.5 

th i s  time smears were made i n  the hallway. Result: All smears were 

l e s s  than twice background. The hallway was then opened t o  t r a f f i c .  

The f i f t h  air sample was counted. Result: background level.  

The sixth air sample was counted. 

All persons engaged i n  decontamination of t h i s  area changed clothing, 

washed, monitored themselves, and went t o  supper. 

Harris, Pope, Stephens, ard Gibbs returned t o  the cesium room and 

continued decontamination procedures. 

The seventh a i r  sarcple was counted. 

collection. Result: b9 counts per minute. A t  t h i s  point all movable 

items were taken out o f  the cesium 

Those t hz t  showed detectable contarination were sealed i n  p las t ic  bag: 

The net r e s u l t  was 47 counts per 

The machinery w e l l  under the bed will be 

Result: 19 counts per minute, 

Result: 29 counts per minute. 

This was a 2 hour 5 minute 

room and placed i n  the hallway. 

2000 The eighth and last  a i r  sample was  taken. Result: 58 counts per 

minute. Smears were col lected a t  2& locatdons i n  the cesium room. 

Signif icant  contamination remained. 

The f loor ,  concrete wall, and all objects i n  the cesium room were 

wiped with damp rags. 

2100 

22cO Smears were again taken a t  a s imi la r  24 locations i n  the cesium rocm. 

Contamination was reduced t o  extremely  la^ l eve ls  (see at tachec daca]. . 



22bO- A general t idying up of  the hallway area  was performed. 
2330 

Then we a l l  

went home . 
SeDtember 15, 1958 - 
0330 

08hS 

0930 

1000- 
llroo 

1500- 
16L; 

1900- 
2100 

Smears were taken i n  the cesiuni roon and hallvmy. 

Cocnting was begun on a backlog of  accumulated smears. 

V3G and H a r r y  Kimble took measurements of the double-headed machins 

a3 a n  a id  t o  removing the No. 1 head. 

Smears were taken i n  the pathology laboratory, the adjoining halka;., 

rooms E-31, 3-33, E-35, E-37, pa t i en t s t  recreet ion room, and nc-ses' 

s ta t ion .  

Harmon, Andrew, and Gihbs planned an out l ine of the report  of t h i s  

incident  . 
Gibbs d ic ta ted  p a r t  of  t h i s  repcr t .  

September 16, 1958 

Decontamination of the  la rge  vocuum cleener borrowed from the  

Technical Services Department was begun. 

The warehouse was ca l led  and they were requested t o  move the large 

vacuum cleaner t o  the warehouse so  t h a t  ThZG's sofa could be worlced on 

again. They s a i d  they could not  move this v~cuum cleaner  u n t i l  a f t e r  

lunch. 

Smears were taken i n  the cesium room and adjacent hallway. 

of a backlog of smears was resumed. 

The warehouse crew relentsd,  and moved the  large vacu'm cleaiie? t o  

the warehouse . 
Attempts t o  deconxminate WEG's sofa wers rzsumed. 

Connting of  the accumulated srnPar5 was again s t a r t e d ,  

Countkg 

Tiis ceased a t  1130. 
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133 0 

&Oo 

1500 

151.5 

Mr. Kuna, ORNL Health Physicist, called and reported t h a t  an assay ha.:. 

been done on f o u r  urine samples sen t  t o  Dr. Hart a t  the  Kealth Physics 

Division. 

radioact ivi ty  than the m i n e  o f  Dr. DBC and WLB. 

Gibbs went t o  warehouse t o  check WIG'S sofa. 

Gibbs returned from warehouse. The sofa was s t i l t  contaminated. 

Gibbs estimated a maximum of 3 microcuries o f  cobalt-60 remained i n  

o r  on t h i s  sofa. 

Smears were taken i n  cobal t  room, 

YEG1s and LAW'S w i n e  contained a higher amount o f  
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DATA OBTAIIED EY SMEAR TECHNIQUE 

William D. Gibbs amd Others 

Each smear was taken from approximately one square foot. A l l  were 

counted under the same geometry. 

1 microcurie. 

For t h i s  geometry: 7600 counts/minute = 

Date: September 8, 1958 Tice: 1900 

RESULTS OF JWARS TAKEN INSIDE C S T U M  RPCN 

Location 

Floor inside door 
Top of  head No. 1, double-headed machine* 
Top of head No. 2, double-headed machine-% 
Top or" body No. 2 ,  double-headed niichine 
T i l e  D-16 
Back of head, cesium mzchine 
Cesim cont ro l  panel 
Tile 3-2 
Base of bed, double-headed machine 
Ti le  K-6 
Throat of large collimator, head No. 1, 

Thrcat o f  small collimator, head No. 2, 
eo uble -headed machine 

ciouble -heade c! machine 

Counts AIinute Xicrociiries 

278 
Tco h o t  
7229 
4683 
258L 
2642 

827 
7058 
a53 
1600 

Too hot 

608 

-Heads positioned so t h a t  ?Joe 2 is d i r e c t l y  above No. 1 

"Asszy performed a t  ORNL 

0 .ob 
? 
0.95 
0.62 

0 e93 
0.85 
0.21 

15 .OO+ 

0 008 

t 
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Date: September a, 1958 Time: 2200 

Loca t i on 

Tile 0-4 
Tile 0-10 
Tile J-ll 
Tile 0-12 
Tile 3-12 
Tile Z-IA 
R l e  F-15 
Tile E-15 
%le D-20 
Tile ! 2 0  
Tile K-20 
Double-headed machine bed 
Base of double-headed machine bed 
Cesium con+xol panel 
Xpes on wall above cesium control  panel 
Back of head, cesiuxl machine 
T'cp of cobalt  head No. 2 
Top o f  cobalt head No. 1 
Wal l  behind cesium-137 machine 
Ma11 beside docble-headed machlne 
Wall above cesium control panel 
Concrete wall between vindow ports 
Wood portion of  door 

Counts fiinute 

2 1  
55 
12 

5 
16 
15 
29 
18 
10 
7 
20 
13 
06 
25 
21 
U1 
17L 
L2 
16 
5 
10 
11 
13 

Mic r c x r i e  9 

-- 
-.I - 

-- 
e _  

I I 3 b 8 3 t r  



Date: September 8, 1958 

Location 

Floor inside door 
Head o f  hectocurie machine 
Base of hectocurie machine 
Tile H-7 
Throat of  collimator, hectocurie machine 
Top o f  temporary total-body irradiator 
Door of temporary total-body i r r a d i a t o r  
Base of temporary total-body i r r a d i a t o r  
Collimator storage rack 

Concrete w a l l  near l i g h t  switch 
Top of interchangeable -source rn9 chine (ncw 

Tile E-8 

moved t o  another locat ion)  

Counts /Minute 

Tlme: 1900 

2417 
9 85 
798 

1528 
792 
232 
233 
437 
910 
l09& 
46 

152 

Microcuries 

0.32 
0.13 
0.11 
0020 
0.11 
0.03 
@e03 
0.06 
0 312 
0 .l4 

0 e02 
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Date: September 9, 1958 Time:  2400 

WStrL’Zs OF SPEARS TAKEN I N  COBALT ROOM AFTER DEC@EX!4NIhrkTION 

LocaClon Counts/Ninute 

Door 
T i l e  G-16 
Concrete h . 1  near Ugh% switch 
Mirror 
Tile G 

Base o f  temporary total-body i r r a d i a t o r  
Top of hectocurie machine 
Head of  hectocurie machine 

Tile E-8 

Inside collimator, hectocurie machine 
Ti le  A-9 
Tile A-2 
North wall 
Tile J-4 
Collimator storage rack 
Top o f  interchangeable-source mac5ine (now moved t o  

another loca t ion)  

~ 

2 
2 
0 
2 
1 
2 

30 
10 
16 
32 
1 
3 
2 
2 
2 

11 



Date: September 8, 1958 

RESULTS CF' SclEARS TAKEN IN CESIUM CONTROL ROOM 

Location 

Floor inside door 
Top of console 
Floor i n  f ron t  of  console 
Top o f  computer 
Top of a i r  conditioner 

Counts/Minute 

2513 
2377 
5189 
5 805 
3408 

Microcuries 

0.08 
0.07 
0.16 
0.18 
0 .u 



RESUL'XS OF SMEARS TAKEN ON ROOF IN TELF,THERAPY AREA 

Location 

Inside exhaust stack, cobalt room 
Base of exhaust stack,  cobalt roan 
Inside exhaust stack,  cesium room 
Base of exhaust stack, cesium room 
Inside north stack, cesium control roun 
Inside south stack, cesium control room 
Air-conditioner intake, cesium room 

G aunts /Wnu t e 

16 
17 
3 
37 
0 
0 

249 
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MA W A C  TURZRS C ONF"RE3CE 

Minutes of  the F i f t h  X-Ray Indus t r i a l  Conference 

Oak Ridge I n s t i t u t e  of  Nuclear Studies Medical Division 
Oak Ridge, Tennessee 

December 1, 1958 

Summarized by J. Howard Harmon 

R-e sent: 

E. E. Beauchamp 
Mortiner Beem 
M. G. Brown 
Marshall Brucer 
Frank Comas 
Eimo Galvanoni 
W i l l i a m  Gibbs 
J. H. G i l l e t t e  
Allen 14. Goldstein 
C. R. G r i f f i t h  
J. Howard Harmon 
C. H. Hetherington 
Jams Hitch 
Sam R. Hollingsworth 
J. A. Lenhard 
E. Llewellyn 
W. E. Parker 
E. E. Pierce 
A. L. Rupp 
E. Dale Trout 
Yoichiro Umegaki 
Ted Workinger 

Oak Ridge National Laboratory 
Cur tis-Wright Corporation 
Atomic Energy o f  Canada Limited 
ORINS Medical Division 
ORINS Medical Division 
W. F. and John Barnes Company 
ORIm Medical Division 
Oak Ridge National Laboratory 
Isotopes Spec ia l i t i e s  Company 
Westinghouse Elec t r ic  Corporation 
ORTNS Medical Division 
Atomic Energy of Canada Limited 
United S t a t e s  Atomic Energy Commission 
National Lead Compaw 
United S t a t e s  Atomic Energy Commission 
Curt is  -Wright Corporation 
Nuclear Systems, Division of the Budd Company 
Oak Ridge NPtional Laboratory 
Oak Ridge National Laboratory 
General E lec t r i c  Corporation 
ORINS Medical Division 
United S ta t e s  Atomic Energy Commission 

The F i f t h  X-ray Indus t r i a l  Conference was held i n  Oak Ridge f o r  the 
purpose of evaluating four  years' experience wi th  the in te rna t iona l  
te le therapy source capsule, 
ORINS'  experience with a leaking capsule and t h e  r e su l t s  of a survey of other 
sources. Since one or more leakages had occurred i n  the in te rna t iona l  source 
capsule, the primary objective of this meeting w a s  t o  reach an  agreement on 
recommendations t o  the  United S t a t e s  Atomic Znergy Commission, The Atomic 
Energy of Canada Limited, manufacturers of  X-ray equipment,md .other in te res ted  
groups. 
cesium-137 sources was a secondary objective. 

D r .  Brucer informed the group o f  the recent 

A discussion on the production, ava i l ab i l i t y ,  and encapsulation o f  
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Leakage of the Internat ional  Source Capsule 

D r .  Brucer emphasized that the O R I B  contarnination problem was not 
serious,  bu t  it could have been. 
contamination could occur from such leakages and t h a t  some rnodlficationa i n  
encapsulation techniques a re  probably necessary. 

This group should recognize t h a t  serious 

On September 8, 1958, a routine heal th  physics survey, s t a r t ed  i n  the 
laboratory section, indicated a background high enough t o  require 
investigation. 
f a c i l i t i e s )  went tomother  area where a thyroid scan was being made. A s  he 
aDproached the scanner, the machine froze from the excessive counts. The 
scanner returned t o  a normal counting r a t e  when the technician backed away. 
When t h i s  phenomenon was observed, it w a s  reported t o  the health physicist  
who checked a l l  personnel working i n  the area of th teletherapy equipment. 

About llt00 a.m. atechnician (workhg i n  the teletherapy 

.- 

W i p e  t e s t s  indicated tha t  a l l  equipment i n  the area was contaminated. 
The highest counts were found i n  the throat  of the number one head of the 
Westinghoase cobalt-60 teletherapy unit .  A spectrometric analysis of the 
wipes indicated that the contamination was  cobalt-60. 
wrsormel of the Oak Ridge National Laboratory vere consulted and plans were 
made t o  have that organization dismantle the teletherapy head arid inspect 
the source capsule. 
The same source was repackaged and returned t o  ORIIE'. 

Health physics 

The capsule was opened and a leaking s e a l  was confirmb6.. 

After the ORINS source leakage had been fu l ly  established, bo Brucer 
ca l led  a selected group of radiologis ts  owning teletherapy equipment and 
requested that they check t h e i r  source t o  determine whether other leakages 
had occurred. Fif ty  Owners w e r e  sen t  a piece of c i r cu la r  f i l t e r  paper 3 cm 
in  diameter and were requested t o  make a wipe test on the throat of their 
teletherapy unit. 
0 t o  42 counts above background. (This t e s t  was based on highly selected 
samples.) 
considered s igni f icant  and worthy of a spectrometrFc analysis. 

When the f i l t e r  paper was returned the net counts ran from 

Dr. Brucer indicated that a count 6 times above background be 

A teletherapy uni t  owned by D r .  H. Stephen Weens, b o r y  University 
School of Medicine, had an unusual b u t  s ign i f icant  count. 
been used appro-ately f ive  yea.rs. 
adjoining building and Dr. Brucer expressed an opinion tha t  the contamination 
was radium and not cobalt .  
had not been completed a t  the time of this meeting. 
that t h i s  probably was not radium but  was cobalt-60. 
a c t i v i t y  t o  confirm the impression without unusual tes ts . )  

This sou-ce has 
There had been a radiurn leakage i n  an 

D r .  Weens did a spectrometric analysis b u t  this 
(Later t e s t s  confirmed 
There i s  insuf f ic ien t  

I n  addition, surveys were made on ten shipping containers used by the 
AECL, USAEC, Picker X-ray Corporation, ax? 3-19 3ar-Ray Corporation. The 
survey indicated t h a t  container contamination averaged about twice 
background, which under average conditions should be considered as clean. 

Mr. C. R. Gr i f f i th ,  F'estinghouse Elec t r ic  Corporation, X-ray Division, 
described another problem, which had occurred on November 10, 1958. He was 
ca l led  t o  New York t o  do routine t e s t s  on a Ifirestinghouse uni t  t h a t  had j u s t  
been ins ta l led .  While making the rout ine adjustment he followed the i r  
standard procedure of making wipe t e s t s .  

I , 
Instead of using a f i l t e r  pzper he 
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used a uipe-stick and tes ted  the inside of a cone throat  i n  accordance with 
the recommendations of  the National Bureau of Standards Handbook No. 54. 
The l e v e l  of counts was such that he obtained an AECL shipping container and 
returned the source t o  AECL f o r  inspection. During the unloading process he 
looked a t  the face of the capsule with a mirror and found t h a t  t h e  face was 
heavily corroded w i t h  a greenish-gray material, but  found no other v i sua l  
defect. After the  machine was unloaded he made a wipe t e s t  inside the beta 
sh ie ld  and did a spectrometric analysis t h a t  indicated cobalt  contamination. 
Other surveys on the teletherapy unit  indicated that a l l  contamination was 
contained within the unit. 
way back t o  the Atomic Energy of Canada Limited f o r  fu r the r  testing. 

sowce capsule could have been obtained from an AECL shipping container. 
Mr. Hetherington sa id  t h a t  he could not give a def in i te  answer t o  t h i s  
question because the capsule had not yet  reached the i r  company. 
t h e i r  procedure f o r  preparing containers f o r  shipment and s t a t ed  that he was 
of t h e  opinion t h a t  the problem did not r e s u l t  from a contaminated shipping 
container. 

A t  the time of this meeting the source was on its 

Dr .  Brucer asked Mr. Hetherington whether the contamination on t h i s  

He explained 

The available eviderace indicated t h a t  one leak had def in i te ly  occurred 
and that possibly a second one may have occurred. 
t o  be considered a s  serious; however, since considerable experience has 6een 
accumulated i n  seal ing capsules, and since new sealing techniques have been 
developed, t h i s  group should review these t ech iques  

These leakages were not 

In  the discussion that followed, it was emphasized t h a t  i t  would be 
very d i f f i c u l t  t o  determine the ac tuz l  cause of a given leakage. 
par t ic ipants  expressed an opinion t h a t  the leakage resul ted from a f a u l t y  
seal .  Members of the O&JI, staff eqkas i zed  that each capsule i s  tes ted i n  
such manner t h a t  faulty sea l s  would be detected before shipment. 
expressed an opinion t h a t  the s e a l  had ruptured f rm an accumulation of heat 
inside the teletherapy head or  shipping container. Participants questioned 
how this hest  could accumulate from the absorption of the gamma rays and it 
was pointed out t ha t  the design and construction of  equipment and shipping 
containers may be such that the heat cannot be well  dissipated by the source 
capsule i n  contact with the metal par ts  of the m:chine o r  shipping container. 
A t  t h i s  point  the  par t ic ipants  were informed of the plans of Atomic E r e r g y  
of Canada Limited and the United S ta t e s  Atomic Energy Commission for changing 
over t o  a welded-type source container. Reports from various encapsulating 
companies indicated t h a t  they are already adopting the welding principle a s  
rapidly a s  techniques can be put i n t o  e f fec t ,  
National hbora tory ,  gave a de ta i led  description of the techniques they a r e  
us ing  f o r  sealing source capsules, 

Some 

They 

Mr. E. E. Pierce, Oak Ridge 

The group turned its a t t en t ion  t o  what should be done with the sources 
tha t  a r e  already i n  use i n  teletherapy equipment. The suggestion was  made 
t h a t  a l l  these capsules be removed and inspected; hawever, t h i s  would be a 
d i f f i c u l t  procedure for  many owner8 cf sources. D r ,  Brucer pointed out tha t  
a sect ion of the Handbook 54 has not been followed very closely and he 
recommended tha t  greater  emphasis be given t o  periodic wipe tests as 
recommended by the National Bureau of Standards. He f e l t  t h a t  i f  t h i s  
procedure were followed, t h i s  should be adequate control  over any leakages 
tha t  might occur i n  the future .  
machines an addi t ional  beta sh ie ld  a c t s  as  a container f o r  a w  cobalt  t ha t  
might be loose inside the machine. 

It was a l so  pointed out that  on many of the 

The group concurred with this suggestion. 
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Availability of Cesium-137; Report by Mr. E. E. Beauchamp 

Mr. Beauchamp s t a r t e d  his discussion of  the ava i l ab i l i t y  of cesium-137 
by reviewing the current s t a tus  of the ava i l ab i l i t y  of cobalt-60. 
previous meeting of the representatives of the X-ray industry there was some 
concern over whether enough cobalt-60 would be available to m e t  the 
indus t r i a l  demands. 
such t h a t  the United S ta t e s  Atomic Energy Commission has stopped processing 
the isotope un t i l  the current inventory is  appreciably reduced. The current 
inventory i s  being reduced a t  what i s  considered a sa t i s fac tory  ra te ,  and it 
is anticipated t h a t  before long the Commission will soon authorize fiirther 
production of cobalt-60. One of  the representativss of the X-ray industr',! 
wanted t o  h o w  w h a t  the Oak Ridge National Laboratory ?.rid the Commission would 
consider a minimum inventory level .  Mr. Beauchamp replied t h a t  this was a 
d i f f i c u l t  question and no de f imte  amount has been established a t  t h i s  time. 
He f e l t  tha t  he could assure continued ava i l ab i l i t y  o f  sources and t h a t  the 
minimum quantity tha t  would eventually be estLblished would be dependent 
upon the projected market. 
cobalt-60. 
National Laboratory was essen t i a l ly  out of t'ne encapsulation business . 
'hey will do encapsulation only a t  the specif ic  request o f  some governmental 
agency, which has obtained pr ior  approval of the Comission. Mr. Beauchamp 
went on t o  emphasize tha t  the Oak Ridge N a t i o n a l  Laboratory would no longer 
furnish cobalt-60 teletherapy sources a s  such. 

A t  the 

He s ta ted  that the production of  cobalt-60 has been 

He reviewed the current catalogue cost  of 
Mr. Beauchamp explained t h a t  a s  o f  March 1958 the Oak Ridge 

I n  reviewing the cesium137 production I!.!.. Eeauchanp rsported tha t  
Om'L had processed to-date about 13,000 curies  o f  cesium and they have 
10,OOO more t h a t  should go t o  stock about one week a f t e r  the date o f  t h i s  
meeting. 
addi t ional  10,000 curies  within this f5sca l  year (ending Jme 30, 1959). 

It was fur ther  ant ic ipated t h a t  there would be a production of an 

The mgx5rrun  spec t f ic  a c t i v i t y  of the cesism-137 is 30 curies  per gram. 

Tie developmental people of the Oak Edge National Laboratory 
This specif ic  a c t i v i t y  cannot be increassd much higher without the use of a 
hot calutron. 
a re  looking a t  t h i s  problem and the laboratory has proposed t o  the Commission 
tha t  a calutron be made avai leble  f o r  the enrichment of the cesium-137. It 
is  not ant ic ipated that the calutron ~511 5e a v a i l a b h  within the near 
future.  
The laboratory cannot predict  with a cer ta in ty  what w i l l  be the cesium-134 
content of the next batch t o  be produced; however, they estimate that it 
will be somewhat lower than the f! per cent. 
may be reduced by blendLng i n  some of the decayed materials t h a t  are now on 
hand. Hr. Beauchamp sa id  tha t  the Oak Ridge National Laboratory would l i k e  
t o  have this groupaf i n d u s t r i a l  representatives indicate  what l eve l  of 
cesiunt-134 they could accept f o r  teletherapy sources. One par t ic ipant  
reported on a source t h a t  had l e s s  than 1 per cent cesium-134. 
was acquainted with t h i s  source and poir?ted out t h a t  i t  had been made from 
f u e l  rods that were removed from a p i l e  several  years before the current 
processing and the cesium-13h had had an opportunity t o  decay t o  a very low 
level .  It was s ta ted  t h a t  the quantity of cesium-134 present i n  f u e l  rods 
i s  dependent upon the length of time tha t  the rod was i n  a reactor  and the 
r a t e  of power a t  which the reactor operated. A low-power reactor  produces 
small quant i t ies  of cesium-13&, 
f o r  various reasons and this means that most o f  the available f u e l  rods will 
be from reactors operating a t  a high-power level .  
t h a t  the Oak Ridge N e t i o n a l  Laboratory v o d d  n o t  be able to take the current  

The cesium-134 content -in the current p-oduction i s  about 8 per cent. 

The percentage o f  the cesiurn-134 

M r .  Beauchamp 

Most reactors a re  operated a t  high level 

Yr. Beauchamp emphasized 



production material  and s to re  i t  for severa l  years t o  allow the decay o f  the 
cesium-13b. 
have s m a l l  batches of materials from very old f u e l  rods but since the quantity 
would be l imited he could only use t h i s  material  t o  blend with the expected 
normal production of 8 per cent, If the industry could accept some l eve l  
between 5 and 8 per cent, ORNL could blend the available mater ia l  t o  assure 
t h i s  level .  
content, it would limit ser iously the quantity of cesium-13’7 t h a t  would be 
available f o r  teletherapy sources. 
Oak Ridge National Laboratory could blend out several  thousand curies of 
cesium fo r  teletherapy sources. 
the problem, the high energy of the cesium-134 was not a serious problem f o r  
therapeutic uses bu t  the problem arose as  a shielding o r  health physics 
protection problem, 
quantity of cesium-134 would require shielding o f  approximately the same s i ze  
required f o r  cobalt-60. 
had assumed t h a t  as  soon a s  cesium-137 was available they would use cesium 
sources i n  units designed for  cobalt-60 sources. 
a machine designed t o  hold cobalt-60 there would be enough protection t o  
perrnit using cesium sources having approximately 29 per cent  cesium-134 
content, 
a d i f f i c u l t  problem might be encountered, 
problem could be solved i n  another way. 
owners of cesium u n i t s  could buy sources having a r e l a t ive ly  high 
percentage of cesium-l.34 content, s e t  the sources aside, and allow them t o  
decay unt i l  the cesium-l3b, with its half l i f e  of 2.3 years, had decayed t o  
an acceptable level ,  The question was ra ised from the f loo r  as t o  how t h e  
cesium-134 would a f f ec t  the beam charac te r i s t ics  of  a cesium teletherapy u r i i t -  
D r .  Brucer s t a t ed  that the cobalt-60 sources a r e  considered as a monochromatic 
beam; however, i f  one takes a careful  spectrometric analysis  of this o r  any 
other beam one finds t h a t  he does not actual ly  have a monochromatic beam. 
It was h i s  opinion t h a t  the cesium-134 content a t  the l eve l  they were 
discussing would not i n  any way be objectional t o  a radiotherapist .  
par t ic ipants  agreed t h a t  a cesium-131 content ranging between 5 and 8 p e r  
cent would be acceptable. 

He s t a t ed  fu r the r  that they would from time t o  time probably 

If the industry should icoist on very low levels  of the cesium-l3& 

A t  the  5 per cent  l e v e l  he th inks  the 

Mr. Beauchamp s t a t ed  that as  he understood 

It was pointed o u t  the use of material  having a large 

Many of the ea r ly  purchasers of the teletherapy u e t s  

D r .  Brucer s t a t ed  tha t  i n  

However, f o r  a machine designed spec i f ica l ly  f o r  using cesium-137, 
It was emphasized t h a t  th is  

Ei ther  the manufacturers o r  the 
. 

The 

Mr. Beauchamp announced tha t  the Oak Ridge National Laboratory was 
s t i l l  authorized t o  package cesium-137 sources fo r  teletherapy units.  He 
sa id  that they would continue t o  do t h i s  u n t i l  some private  encapsulating 
firm expressed a willingness t o  take over t h i s  operation. If t h i s  occurs 
t h e  Conanission will then follow the same policy a s  in t h e i r  withdrawing 
from the packaging of cobalt-60 sources. 

Recommends t ions 

It is  emphasized that we know of no serious contamination accident 
t h a t  has occurred from cobalt-60 teletherapy sources. However, once f o r  
cer ta in  and probably twice an incident has occurred that could have been 
serious if not caught i n  time. Therefore, the par t ic ipants  concurred i n  the 
f ol lowhg recommendations : 



1. The Standard Source Capsule should be changed t o  a double welded 
capsule design. This recommendation has already been adopted by 
the known manufacturers of teletherapy sources and is now i n  
opera tion. 

2. The NBS Handbook 5.4 should emphasize the necessity f o r  periodic 
wipe t es t s .  
the ed i tor  of NBS Handbook S&. 

This recommendation i s  being sen t  t o  Mr. Carl Braestrup, 

3. An addi t ional  sh ie ld  should probably be recommended for  each 
machine i n  order t o  f o r e s t a l l  massive contamination should it 
occur. 
being sen t  t o  Mr. C a r l  Braestrup, the edi tor  of  Handbook 94, f o r  
the consideration of the Handbook 54 cornit tee.  

This is not a very strong recommendation. However, it is 

4. Cesium-137 sources should be sold with a cesium-13b contamination 
of l e s s  than 8 per cent on the  date of sale. This recommendation 
has been transmitted t o  Mr. Beauchamp of  ORNL. 
p rac t i ca l  answer t o  the cesium-134, 137 mixture problem and has 
already been informally put i n to  e f fec t .  

It appears t o  be a 

5 .  The United S ta t e s  Atomic Energy Comdssion should surveg a l l  
teletherapy sources under the i r  responsibi l i ty  by a simple wipe - 
t e s t  or some other similar eas i ly  accomplished means. No act ion 
as  yet  has been taken on t h i s  recommendation. 

6 .  Although there  i s  no def in i te  recornendation, the par t ic ipants  of 
the f i f t h  X-ray Indus t r i a l  Conference f e l t  that  some o f f i c i a l  
cognizance should be taken of the impression tha t  large teletherapy 
sources of the o l d  design may begin t o  leak spontaneously a f t e r  a 
period of time. 
been f u l l y  used by the first customer and replaced with the new 
welded design before being shipped t o  a second mer .  

These sources might be recal led a f t e r  they have 



ALLEGED IOPINE-131 SPILL 

W i l l i a m  D. GS bbs 

The morning of February 25, 1958,a high background tras noted i n  the 

This was l a t e r  found t o  be due t o  some experimental medicine laboratory, 

autopy specimens, which had been placed near the monitor i n  this laboratory, 

However, before t h i s  f ac t  was discovered, the technician tha t  prepares 

and assays pat ient  doses was called and asked t o  place a bot t le  containing 

20 mil l icur ies  of iodine-13lbehind lead shislding, because it was thought 

t h a t  this bot t le ,  located inside the door of  the storage vault i n  its 

or ig ina l  shielded shipping container, might be responsible f o r  the high 

background. 

Immediately someone began t o  t w i s t  this tale all out of shape. F i r s t ,  

the heal th  physicis t  was to ld  t h a t  2 mill icur ies  of iodine-131 had been 

spilled on the f loo r  of the vaul t  and had not been cleaned up. 

minutes the amount had increased t o  20 f i l l i c u r i e s ,  a s o r t  of reverse decay 

of extremely shor t  half-l ife and the pregnant fernales (genus Homo) were i n  a 

s t a t e  of panic and high indignation divelr*,ed against  everyone who had ever 

uttered the word "radioisotope . I t  

Within 30 

- 

By noon the s p i l l  had moved ou+,side the vaul t  i n to  the hallway, a 

de f in i t e  spat ia l  translocation, and everyone was wading through it u i t h  no 

attempt to  c lean it up. A t  4:OO p.m. the health physicis t  was not i f ied that 
- 

the quantity o f  iodine-131 i n  the s p i l l  was nou 200 mil l icur ies ,  t h e  r a t e  o f  - 
W 

a3 

Ui 

c3- 

-Er 

reverse decay having spontaneously slowed ccnsiderably. 

t h a t  a l l  the pregnant employees were now doomed t o  giving b i r t h  t o  four- 

headed babies . 
Ee was a l s o  to ld  

Early on the morning of February 26 a meeting o f  a l l  office and 

laboratory personnel was cal led fo r  3:OO p.m, It was especially asked tha t  

a l l  pregnant females attend. h e  such female decided t o  be otherwise busy. 



A t  Z:3O p.m., February 26,  one female employee was $old o f  the 

"contamination" f o r  the f i rs t  time and she was l e f t  with the impression 

t h a t  AEC offices i n  Keshington had been not i f ied  and were sending a group 

t o  invest igate  , 

A t  the 3:OO p.m. meeting t h e  t rue  s tory  was revealed t o  a l l ,  The 

tale o f  the growth o f  the rumor was a l s o  told. 

building were placed o f f  l i m i t s  t o  pregnant employees and everyone except 

rumor spreaders went away happy. 

Certain areas of the 



COBALT-60 LEAKS IN OLD TELETHERAPY SOURCE CAPSULES 
* Marshall Brucer, M. D. 

Six source capsules (among about 300) have leaked minute amounts of cobalt- 
60. This is not dangerous but it is expensive to clean up. Also, if we get small 
leaks, we might get dangerous leaks. The danger has already been corrected in 
the encapsulations since January 1959. But about 300 possible sources will not be 
turned in for a few years. This explains how I think the leaks developed: 

The old source capsules (before 1959) were sealed with two lead 0 rings. 
The metallic cobalt begins to turn into dust in a few days, especially around 
its edges. Screwing down the cap in the capsule assembly breaks the con- 
tinuity of some of the 0 rings. Within a few years a small amount of cobalt- 
60 dust may leak out into the room. Physicians and technicians who are 
often in the room breathe the dust. The amount patients breathe is probably 
minute, since they are in the room only a few times. 

We have examples of from 0 . 5  to 2 microcuries body burden having been depos- 
ited in technicians with an initial half time of about 20 days. Handbook 69 gives a 
Maximum Permissible Body Burden of 10 microcuries. Therefore, these leaks 
are not dangerous, but they are expensive to clean up and a bigger leak could be a 
source of danger. 

The newer sources are in double capsules. Each capsule is individually wel- 
ded. The completed device is leak tested. No new capsule** has been known to 
leak but the expense and danger to instrument readings (not to people) is so severe 

simple wipe test as  illustrated on the attached instruction sheet. 
- 

1 that we suggest taking wipe tests even on the new source capsules. We suggest a 

The way to prevent serious contamination is to do frequent wipe tests. Since 
the contamination develops slowly, one wipe test every six months is sufficient. 

There are  many better but more expensive ways of doing leak tests and if you 
have a capable person available, we recommend following his advice. For the 
many people who do not have facilities available, we offer this simplified method 
and, if necessary, we will  even do the counting for you. The unfolded filter paper 
can be placed in an envelope and sent to M. Brucer, Medical Division, Oak Ridge 
Institute of Nuclear Studies, Oak Ridge, Tennessee. 

The lealdng material is probably: 

Cobalt-60 oxide in small dust-like particles. It is breathed into thelungs, 
gets into the bloodstream, into the liver, is excreted via urine, and has an 
initial half time of about two or three weeks. It can contaminate clothing and 
especially shoes. At about the l-microcurie level (typically, 1,000,000 - 
2,000,000 counts per minute or  2,000 - 10,000 times background) we recom- 
mend throwing away the clothing and shoes since destruction is cheaper than 
attempts at cleaning. Whole-body counts are necessazy only when the body 
burden is likely to exceed 10 microcuries. The whole-body counter is the 
only instrument capablc of making adequate diagnostic tests of body burden. 

- 
h .  *Chairman, The Medical Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge, w 

cn ** 
--I 

Tennessee, under contract with the United States Atomic Energy Commission. 

The first e 
six years o ? d. 

erimentaI new capsule with the new welding was a cesium source now 



INSTRUCTIONS FOR MAKING A WIPE TEST 

A few of the older cobalt-60 teletherapy capsules are developing minor leaks. 
Cleaning up these leaks is very expensive and periodic wipe tests may save you money. 

1. Use a piece of filter paper 
( 5 . 5  cm diameter) from any 
chemistry or pathology labora- 
tory. (Write your name and 
date on the filter paper.) 

2. Place filter paper between 
fingers as illustrated. 

3. 

4. 
\ 

5. 

With the machine turned off, 
make one wipe inside of the 
teletherapy cone between the 
source and the patient as 
close as possible to the source. 

Fold filter paper 4 or 5 times 
(into a small ball). 

Place the balled-up filter 
paper in the bottom of a test 
tube. 

6. Count background in any weii 
counter (at least 3000 counts). 

7. Count folded filter paper 
sample in same counter (at 
least 3000 counts). 

a. 

9. 

x. 

If paper count is &s than 10 times background, repeat in six months. 

If paper count is more than 10 times background (or if it builds up on repeated 
tests) send paper to M. Brucer, ORINS Medical Division, P. 0. Box ll7, Oak 
Ridge, Tennessee, to help decide what further tests should be done and if the 
leak is reportable. 



R A D I A T I O N  W A R N I N G  S I G N S  

CAUTION 

RADIOACTIVE 

MATERIALS 

AREA 

Indicates the presence 
of 500 microcuri'cs 

or more 

ABIDE B Y  
POSTED INSTRUCTIONS 

I CAUTION I 

I HIGH I 
I RADIATION I I AREA 

Radiation exposure 
rates exceed 

100 mil i i rocn tgens 
per hour  

ABIDE B Y  
POSTED INSTRUCTIONS 

CAUTION 

RADIATION 

AREA 

Radiation exposure 
rates exceed 

5 milliroentgens per hour 

ABIDE B Y  
POSTED INSTRUCTIONS 

CAUTION 

8L 
HIGH 

RADIATION 
AREA 

B.r 

WHEN UNIT IS OPERATING 

I CAUTION 1 

I ABIDE BY 
POSTED INSTRUCTIONS 

MATERIAL 
CONTAMINATION I 

Radiation exposure 
ra tes  exceed 

100 mill iroentgens 
per h o u r  

when unit is opcrcrfing 

A B I D E  8Y 
POSTED INSTRUCTIONS 



RADIATION WARNIEG S I G N S  

1. Purpose 

2. 

Radiation warning signs are  t o  be used t o  inform personnel of r e a l  o r  
po ten t ia l  hazards from radioactive materials, and of the s teps  o r  
procedures required t o  avoid these hazards. These signs m u s t  be used 
i n  accordance with the instruct ions of t h i s  d i rec t ive .  Each person 
using o r  responsible f o r  radioactive materials o r  radiat ion t h a t  
const i tutes  a r e a l  o r  po ten t ia l  hazard is responsible f o r  posting signs. 
The radiat ion safety o f f i ce r  o r  the  building health physics representa- 
t i v e  should be ca l l ea  on f o r  posting instruct ions not covered spec i f ica l ly  
by t h i s  section. The building health physics representative vi11 main- 
t a i n  a supply of signs f o r  use by the  divisions.  

of Signs 

TYPC 1 CAUTION - RADIOACTIVZ ivIATERIALS AREA 

Used to indicate the presence of 500 microcuries or more. 

Posting Requirenents: Each room or  area i n  which radioactive 
mater ia l  i s  used o r  stored i n  an amount - 
grea ter  than 500 microcuries s h a l l  be 
posted ~ 7 i t h  the BTe I sign. This does n o t  
prohibi t  the u s e  of the  sign f o r  smsller 
quant i t ies  i f  posting would a s s i s t  i n  
reducing the  poss ib i l i t y  of hazard. The 
r igh t  hand side of the sign s h a l l  be used 
t o  record per t inec t  information which m u s t  
be known by persons entering the  area t o  
insure o r  increase t h e i r  radiat ion sai’ety. 
Examples of the types of  in fomat ion  t h a t  
clay be required are 8 s  follok-s: 

1. 

2 .  

3 .  

4. 

5 .  

Types and quant i t ies  of radioactive 
mater ia ls  i n  the  area 

Location of the radioactive materigl i n  
the area 

Requirements f o r  en t ry  in to  the area 

Persor? t o  c a l l  i n  an emergency 

Requirements f o r  personnel monitoring 
on leaving the area 



Type I1 CAUTION - WADIATION AREA 

. 

L'sed to indicate that radicltion e q o s w e  rates exceed 5 milliroentgens per  hour. 

Posting Requirements: Zach room or  area accessible t o  personnel 
i n  which radiat ion e x i s t s  a t  such levels  
t ha t  a major portion of the body could 
receive I n  any one hour a dose i n  excess of 
5 milliroentgen o r  i n  f ive  consecutive days 
a dose i n  excess of 100 milliroentgen s h a l l  
be posted with the Type I1 sign. The r igh t  
hand side of the  sign s h a l l  be used t o  
record per t inent  in fomat ion  t h a t  m u s t  be 
known by persons entering the area t o  
insure o r  t o  increase t h e i r  radiat ion safety. 
Examples of the types of information tha t  
tnay be required a re  a s  fo l l a r s :  

1. See numbers 1 t o  5 under Type I sign 

2. Floor plan of the area sharing the 
location and l eve l  of radiat ion 

3. Personnel dosimetry requirements t o  
enter  the area 

Type I11 CAUTION - HIGH RADIATION M E A  

Used to indicate that radiation ezposure rates exceed 100 millimentgens per hour. 

Posting Requirements: Each room or  area accessible t o  personnel 
i n  which radiat ion exists a t  such a leve l  
t h a t  a major p a r t  of the body could recei-re 
i n  any one hour a dose i n  excess of 10'3 
milliroentgen s h a l l  be posted w i t h  the 
Type I11 sign. The r igh t  hand side of ;he 
sign s h a l l  be used t o  record pertinent 
information t h a t  m u s t  be known by persors 
enter ing th? area t o  i n s u r e  o r  t o  increzse 
t h e i r  radiat ion safety.  Examples of the  
types of information t h a t  nay be reqilired 
a re  a s  follor.rs: 

1. See numbers 1 t o  5 under me I sign 

2. See numbers 2 and 3 under Type I1 sign 



Type Iir CAUTIOM - HIGE W L A T I O N  ARZA - WAYEN UNIT IS OPEiiATING 

U;ed lo indicatc that radiation exposure rates exceed 100 milliroentgens per lwur when unit i s  operating. 

Posting 3equirenents: Sane a s  f o r  CAUTION - HIGH RADIATION AREA 
except t h a t  t he  sign i s  t o  be used 
where high radiat ion levels  e x i s t  only 
when the  unit is operating. 
t o  the  sign, some form of alarm ( l igh t  o r  
b e l l )  m u s t  indicate  when the uni t  i s  
operating . 

I n  addition 

Q . w v  CAUTION - R A D I O A C T m  iVIATER1P.L CONT&4IN4TION 

Used to indicate the presence of contamination. 

Posting Requirements: To be used only under the direct ion of 
the  radiat ion safe ty  o f f i ce r  o r  the 
heal th  Fhysics representetive. When 
contamination exis ts  the  heal th  physics 
representative i s  t o  be cal led f o r  
spec i f ic  posting instructions.  

R. J. Cloutier 
Radiation Safety Officer 

- November 1959 

i i 3 k 8 5 2  



P P ! 3 T t V E  PEDICIIJE FOR YOUR COUNTING- EQUIPMZNT 

\ 

> -  

D o  A.  Ross 

Some of our t r a in ing  and other  equipment has been taking a savage 
beating a t  the hands of newcomers who, although well-meaning, have not 
learned how t o  t r e a t  the instruments kindly. 
s i tua t ion ,  we are giving this se t  of ins t rac t ions  t o  each v i s i t o r  as he 
checks in .  Please read and absorb this information before you use the 
counting equipment. 

I n  the hope of improving this 

Humane treatment of s ca l e r s  

Scalers are the  electronic  gadgets that count the pulses coming f r o m  
a Geiger-Mueller tube o r  a sc in t i i l - a t ion  detector.  
f lashing l i g h t s  here and there, and a r e g i s t e r  t h a t  c l icks  every time the 
l i g h t s  t i c k  off a se lec ted  number of counts -0- a, o r  256, or 1000, e tc .  
The heal th  of a sca l e r  .will depend very much on how it i s  t reated,  and the 
following suggestions are offered i n  an attempt t o  lower the morbidity rate .  

They usually have 

Turning a sca l e r  on - 
BEFORE you f i r e  up a cold instruxent:  

(1) Turn the high voltage down --- t h a t  is, fu l ly  counterclochrise. If 
this is  not  dom, the high voltage may overshoot before i t s  
regulat ing c i r c u i t s  take control,  and excessive voltage can wreck 
the detector  . 

(2)  Turn the power switch of f .  If this s e t c h  i s  on when you plug i n  t h e  

L i t t l e  damage, bu t  a blasted nuisance. 
regulat ing transformer (3) ,  a heavy surge of current nay occur, 
and t h i s  can blow a fuse. 

Then, 

Plug i n  the regulzting transformer --- i f  you need one. 

(&) Turn the power switch on. 

( 5 )  After  a minute or  so, t u r n  up the  high voltage, slowly, t o  the proper  
operating level .  
FIND OUT, before you damage something. 
a a j u s t e  voltage; some meter movements are st icky.  

If you're not sure what this should be, P m S E  
Tap tine meter gently as yc-.: - 



8.2 

Turning a sca le r  o f f  - 
The next person t o  turn the instrument or? may not be you, so he may be 

a moron, 
so t h a t  i f  ne carelessly slams on the power, without lmking  first, he won't 
h u r t  anything. Accordingly: 

You can't help that,  but you can a t  l e a s t  leave the controls s e t  

(1) Turn the high voltage down --- that is, fu l ly  counterclockwise. 

(2) Turn the power switch off. 

the regulating transformer, since it will overheat when not 
oaded . 

Question: Should you turn  a counter off o r  leave the power turned on? 

If i t ' s  going t o  be wanted again tomorrow, or sooner, don't turn i t  
off  f o r  the cooling and re-heating will do more harm than the -' extra  day of ageing, The cost  of the power consumed is small; 
repairs  are  expensive, 

Exception: BATTERY-operated instruments nust be turned off1 - 
Standby operation 

If you decide to  leave an instrument turned on, there a r e  some things 
Let us consider the sca le r  you can do t h a t  will postpone old-age fai lures .  

first and come t o  the detector l a t e r ;  sometimes the i r  i n t e re s t s  conflict .  

The scaling c i r c u i t s  last longer i f  they a r e  kept counting. If 
pulses are coming in ,  e i t h e r  from the detector o r  from the 60-cycle power 
l ine,  the binary c i r c u i t s  keep switching back and f o r t h  from one side to  
the other, and t h e  wear and t ea r  is divided equally between the two halves 
of each tube. If you rout inely leave the sca l e r  r e s e t  t o  zero, on the 
other hand, the standby wear i s  all on one s ide,  and fa i lures  will occur 
ea r l i e r .  As f a r  a s  the scal ing c i r c u i t s  a r e  concerned, then, it is b e t t e r  
t o  leave tnem counting something. 

The mechanical reg is te r ,  unfortunately, i s  sometMng else;  it w i l l  
wear out i f  you keep it clicking. 
inact ivates  t h e  reg is te r ,  and this permits the r eg i s t e r  t o  remain quiet  
while  the sca l ing  c i r c u i t s  count continuously --- an excellent standby 
arrangemnt. 
o n l y  slowly, f o r  otherwise the r eg i s t e r ' s  IC- as may more than o f f se t  the sca le r ' s  gain. If the manufacturer hasn't provided you with a cut-out 
switch for the reg is te r ,  it is  easy t o  put one in. 

Some sce le rs  have a switch t h a t  

B u t  if you can ' t  shut off the r e g i s t e r  tine s ca l e r  should count 

I n  aqy case: 

(1) If the r e g i s t e r  can be cut out, leave the sca le r  counting, e i the r  
the tackground or the 60-cycle l ine.  Have the whole of  the scaling 
system i n  operation, not j u s t  the lower end of  it. 



( 2 )  If you can’t shut off the r eg i s t e r ,  the sca l e r  m u s t  count slowly 
(perhaps background) o r  not a t  a l l .  I n  the l a t t e r  case, do not 
r e se t  t o  zero --- j u s t  leave i t  shawing your l a s t  count. Since 
each count i s  ’likely t o  ba di f fe ren t ,  the ageing i n  the sca le r  will 
be better dis t r ibuted if you do not reset .  

Warmup t-hes 

Shortest: 

Intermediate: 

Longest : 

Reasons - 

Ordinary Geiger-Mueller counters (15 minutes o r  so); 

Halogen-quenched (34 counters (about 1 hour); 

S c i n t i l l a t i o n  counters (half  a day, o r  overnight) 

The ordinary, alcohol-quenched GI4 systems do not require a 
l o w  warmup time because the tube does not demand high-quality performance 
from the asscciated c i rcu i t s .  If you s e t  the high voltage correctly,  s o  as  
t o  operate the tube on its ”plateau,” a small d r i f t  i n  voltage w i l l  not 
a l t e r  the count r a t e  s ignif icant ly;  consequently a ra ther  ordinary grade of 
high-vol%ge s t ab i l i za t ion  is adequate. If the l i ne  voltage is reasonably 
constant, you might even ge t  by without a regalating transformer. 
halogen tubes a re  more fussy about the high voltage, s o  you l e t  the scaler  
w a r m  up f o r  a longer. time. 
fussy. In  the Francis-Bell llmedical spectrometer” the l a s t  thing t o  s e t t l e  
down is  usually the  zero on the rate-meter; check th i s  before you s t a r t  - 
using the meter, par t icu lar ly  if your sources a re  s o  weak that the readings 
w i l l  be low.  
adjustment. 

The 

The s c i n t i l l a t i o n  counters are s t i l l  more 

If the zero has dr i f ted ,  you can r e s e t  it with the screwdriver 

Detecting devices 

Classification: 

( a )  Ionization chambers - don’t concern us here; tu rn  off  when not 
i n  use. 

(b) “Pulse” counters ( a l l  of which involve sca l e r s )  - 
‘5 t andby” policy : 

Limited l i f e ;  reduce voltaC->i 

(ba) Geiger-Mueller counters 

(baa) alcohol-quenched GMfs  L 
\ 

(bab) halogen-quenched Unlimited l i f e ;  leave 
controls i n  operating 

(bb) S c i n t i l l a t i o n  counters I posi t ion 

Ordinary GN tubes (alcohol-quenched) - 
I n  a GM tube the discharge caused by an ionizing pa r t i c l e  m u s t  be queF.chec! 

o r  the tube w i l l  “s tay llt.tt When the quenching gas i s  zlcohol, a l i t t l e  0-? 
i t  gets used up each time the tube f i r e s ;  consequently the tube w i l l  count 00 
so-marly pulses and then e q i r e .  During standby, then, the tube should be 
inactivated. 

1 1 3 2 3 8 5 5  



(1) Take tile source away when you've counted i-t. Although the 
scal ing c i r c u i t s  m e  shut o f f  by the timer, the tube s t i l l  
counts any r a d i a a o n  t h a t  s t r i k e s  it. 

(2 )  Turn down the high voltage, f o r  even a f t e r  the source is removed 
the  tube w i l l  s t i l l  be counting background, thus shortening i t s  
l i f e .  When the  voltage is low, the tube does not f i r e ,  

( 3 )  Do not  r e s e t  the sca l e r  t o  zero; simgly leave i t  showing your 
last count (see discussion under "Standby operation"). 
b e t t e r  plan, i f  switching f a c i l i t i e s  are available,  is t o  shut 
off the r eg i s t e r  and leave the sca l e r  counting the 60-cycle l i m e  

A 

Halogen-ouenched Q'4 tubes - 
These a re  much more rugged than the ordinary GM tubes, and they not 

only can, but should, be t reated differently.  
they can surr ive savage mistreatment with high voltage, tney do not use UP 
t h e i r  quenching gas, and so they have a useful  l i f e  t h a t  depends more on 
whether the manufacturer can keep t h e i r  metal pa r t s  from corroding than on 
hDw many pulses they count. 
t h a t  the plateau slopes more s teeply  than i n  an ordinary GM, so t h a t  the 
high voltage needs better s t ab i l i za t ion  and more ca re fu l  adjustment 
(remember t o  t a p  the meter.) 
(1 hour), t o  l e t  the  c i r c u i t s  s e t t l e  down adequately. 

T'ney a re  almost student-proof; 

However, most of them suffer from the drawback 

We therefore  recommend a longer warmup time 

Since the halogen tubes do not wen  c u t ,  they may Do l e f t  counting 
background, with the voltage up a t  the  o p e n t l n g  level.  
because the regulating c i r c u i t s  thon s t a y  a t  o r  near the working point, and 
driftin? is  minimized. Jus t  remove the source when you f i n i s h  counting it. 

This i s  good policy 

S tandbv omra t ion  - 
(1) Take the sources away. 

( 2 )  Leave the high voltage a t  i t s  normal, operating level.  

( 3 )  Cut out the r eg i s t e r  and leave the s sa l e r  counting, e i t h e r  t h e  
60-cycle l i n e  or the background. 
background is  more than a t r i c k l e ,  simply s top  the sca l e r  counting and donr% 
reset .  

If tne r e g i s t e r  won't cu t  out, and 

S c i n t i l l a t i o n  counters - 
These devices always contain photomultiplier tubes, which are very 7 

fussy about t h e i r  high voltage supply --- more so than e i t h e r  type of  GM tu59 
is. Consequently the regulating c i r c u i t s  should renzin a t  the operating 
point i n  order t o  minimize dr i f t ing .  You w i l l  almost d w q r s  need an  externzl  
=g&ting transformer, Sola o r  equivalent. Dcn't t u rn  the  machine off 
unless nobody is going t o  need it f o r  two days, f o r  warmup time 5.s long --- 
say half  a day, o r  overnight. Within reason, the c r y s t a l  systems count pulszs 
without wearing ou t  . 

- 

Standby operation - sane as f o r  halogen-quenched GM tubes (see above). 



. 
t 

Regulating transformers 

These a r e  very helpful  devices, but  they a r e  not fool-proof. 
so designed t h a t  if the l i n e  voltage ( input )  changes, the transformer's 
output voltage changes much l e s s ,  a n l  thus they supply "constant voltage" 
t o  the instruments t h a t  are powered from them. 
transformers regulate properly they must be loeded up close t o  the ra ted  
capactty. 
f o r  f u l l  load. 
spectrometer from a 120-v-a regulator,  f o r  i f  you use the 250-v-a s i z e  
the transformer w i l l  be less than half-loaded and i t s  performance w i l l  be 
poor. Changing the load w i l l  cW.ge the  output voltage,  s o  the load must 
contain no components that ge t  turned on and o f f ,  unless their dra in  is 
negligible.  If your laboratory i s  provided with a so-called I k o n s t a t -  
voltage instrument line1', obtained f r o n  a d is tan t  transformer, check t o  see 
( a )  who e l se  is r iding on t h e  l ine,  (b)  vhether the  t o t a l  ioad i s  near the 
ra ted  capacity o f  the transfornrer, and 'c)  whether ycur f r iends,  o r  enemies,;$ 
who use the  same l ine  turn  t h e i r  oquipmnt on and off or whether they leave 
it turned on. l o c a l  
transformer, f o r  then you know what s o r t  of Losd the regulator  i s  dr ivinga 

They a r e  

However, t o  make these 

The ra ted  volt-amperes (v-a) are apprcximately equal t o  the watts 
AccoFdingly, you should operate a 105-watt medical 

Generally i t  w i l l  be s a f e r  f c r  you t o  have your own 

If you turn off the load, unplug the  tr?.nsformer, s o  that i t  w i l l  not 
overheat . 

If your detector  c o n b i n s  a photomultiplier tube (as  any c r y s t a l  . 
detector will), keep t h e  detector  a t  l e a s t  h l e e t  away from the regulat ing 
transformer. The mametic f i e l d  around the zrznsfcrrar  disturbs the  e l ec t r c  ' 

If your detector  c o n b i n s  a photomultiplier tube (as  any c r y s t a l  . 
detector All), keep t h e  detector  a t  l e a s t  h l e e t  away from the regulat ing 
transformer. The ma-wetic f i e l d  around the zrznsfcrrar  disturbs the  e l ec t r c  ' 
pathways i n  the photitube, changing the elec-kcn gain. 
reasons as  well, the dstector  should provide adequate magnetic shielding 
(Mu-metal o r  equivalent) arcund the pho+atuk> 

For th i s  and other 

9 

capacity, reel ing d e r  rspaated blows f rom a ZSOO-watt, thermostatically 
control led oven that some hzppy-go-lucky misarthrope had plugged i n t o  it! 

One unforgettable day I found our r e g u k t a d  instrunent  l ine ,  2000-v-a 
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The Fi f th  X-ray Indus t r i a l  Conference w a s  held i n  Oak Ridge fo r  the 
purpose of evaluating four years '  e-xperience with the internat ional  teletherapy 
source capsule. Dr. Brucer informed the group of the recent ORINS' experience 
with a leaking capsule and the r e su l t s  of a survey of other sources. Since one 
o r  more leakages had occurred i n  the in te rna t iona l  source capsule, the primary 
objective of t h i s  meeting w a s  t o  reach an agreement on recommendations t o  the 
United States Atomic Energy Commission, the Atomic Energy of Canada Limited, 
manufacturers of X-ray equipment, and other in te res ted  groups. 
the production, ava i lab i l i ty ,  and encapsulation of cesium-137 sources was a 
secondary objective. 

A discussion on 

Leakage of the Internat ional  Source Capsule 

Dr. Brucer emphasized t h a t  the ORINS contamination problem was not serious 
b u t  it w a s  one that could have been serious. 
serious contamination could occur from such leakages and t h a t  some modifications 
i n  encapsulation techniques a re  probably necessary. 

This group should recognize t h a t  
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On September 8, 1958, a routine heal th  physics survey, s t a r t ed  i n  the 

laboratory section, indicated a background high enough t o  require investigation. 
About 11:OO a.m. a technician (working i n  the teletherapy f a c i l i t i e s )  went t o  
another area where a thyroid scan vas being made. As he approached the scanner 
the machine froze from the excessive counts. 
counting rate when the technician backed away. 
observed, it w a s  reported t o  the health physicist  who checked a l l  personnel 
working i n  the area of the teletherapy equipment. 

The scanner returned t o  a normal 
When this phenomenon w a s  

Wipe tests indicated tha t  a l l  equipment i n  the area was contaminated. 
The highest counts were found i n  the throat of the number one head of the 
Westinghouse cobalt-60 teletherapy uni t .  
indicated that the contamination w a s  cobalt-60. Health physics personnel of 
the Oak Ridge National laboratory were consulted and plans were made t o  have 
tha t  organization dismantle the teletherapy head and inspect the source capsule. 
The capsule was opened and a leaking s e a l  w a s  confirmed. 
repackaged and returned t o  ORINS." 

A spectrometric analysis of the wipes 

The same source was 

After the ORINS source leakage had been f u l l y  established, Dr. Brucer 
called a selected group of radiologists owning teletherapy equipment and 
requested t h a t  they check t h e i r  source t o  determine whether other leakages had 
occurred. 
diameter and were requested t o  make a w i p e  t e s t  on the throat  of t h e i r  teletherapy 
uni t .  
above background. 
indicated tha t  a count 6 times above background be considered s ignif icant  and 
worthy of a spectrometric analysis.  

M f t y  owners were sent a piece of c i r cu la r  f i l t e r  paper 3 cm i n  

When the f i l t e r  paper was returned the net counts ran from 0 t o  42 CourStS 
(This test was based on highly selected samples.) Dr. Brucer 

A teletherapy un i t  owned by Dr. H. Stephen Weens, Zmory University 
School of Medicine, had an unusual b u t  s ign i f icant  count. 
used approximately f ive  years. 
building and Dr. Brucer expressed an opinion t h a t  the contamination w a s  r ad ium 
and not cobalt. 
completed a t  the time of t h i s  meeting. 
was not r ad ium b u t  w a s  cobalt-60. 
the impression without unusual t e s t s . )  

This source has been 
There had been a radium leakage i n  an adjoining 

Dr. Weens d id  a spectrometric analysis b u t  t h i s  had not been 
(Later t e s t s  confirmed t h a t  this  probably 

There i s  insuf f ic ien t  a c t i v i t y  t o  confirm 

I n  addition, surveys were made on ten  shipping containers used by the 
AECL, USAEC, Picker X - r a y  Corporation, and the Bar-Ray Corporation. The survey 
indicated that container contamination averaged about twice background, which 
under average conditions should be considered as clean. 

Mr. C. R. G r i f f i t h ,  Westinghouse Elec t r ic  Corporation, X-ray Division, 
described another problem, which had occurred on November 10, 1958. 
ca l led  t o  New York to do routine tests on a Westinghouse un i t  t h a t  had j u s t  been 

He w a s  

* A complete report  of the  accident may be obtained by writ ing t o  
Mr. 17. D. Gibbs, Health Physicist ,  ORINS Meatal Division, Cak Ridge, Tennessee. 
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i n s t a l l ed .  
procedure of making wipe tests. 
wipe-stick and t e s t ed  the inside of a cone throa t  i n  accordance with the 
recommendations of the National Bureau of Standards Handbook No. 54. The l eve l  
of counts was such that he obtained an AECL shipping container and returned the 
source t o  AECL f o r  inspection. 
face of the capsule w i t h  a mirror and found t h a t  the face was heavily corroded 
with a greenish-gray material, b u t  found no other  v i sua l  defect. 
machine was unloaded he made a wipe test  ins ide  the beta sh ie ld  and d i d  a 
spectrometric analysis  t h a t  indicated cobal t  contamination. 
the teletherapy un i t  indicated that a l l  contamination was contained within the 
u n i t .  
Energy of Canada Umited f o r  fur ther  tes t ing .  

while making the routine adjustment he followed t h e i r  standard 
Instead of using a f i l t e r  paper he used a 

Ihr ing the unloading process he looked a t  the 

After the 

Other surveys on 

A t  the time of t h i s  meeting the source w a s  on i t s  way back t o  the Atomic 

D r .  Brucer asked M r .  Hetherington whether the contamination on t h i s  source 
capsule could have been obtained from an AECL shipping container. 
said t h a t  he could not give a def in i te  answer t o  t h i s  question because the capsule 
had not y e t  reached t h e i r  company. He explained t h e i r  procedure f o r  preparing 
containers f o r  shipment and s t a t ed  t h a t  he was of the opinion that the problem 
did not result  from a contaninated shipping container. 

Mr. Hetherington 

The available evidence indicated that one leak had def in i te ly  occurred 
and t h a t  possibly a second one may have occurred. 
considered as serious; however, since considerable experience has been accumulkted 
i n  sea l ing  capsules, and since new sea l ing  techniques have been developed, this  
group should review these techniques. 

These leakages were not t o  be 

I n  the  discussion t h a t  followed, it was emphasized t h a t  it would be very 
d i f f i c u l t  t o  determine the ac tua l  cause of a given leakage. 
expressed an opinion that the leakage resulted from a f au l ty  seal .  
the  ORNL s t a f f  eqhas i zed  t h a t  each capsule is  tes ted  i n  such manner t h a t  fau l ty  
seals would be detected before shipment. 
seal had ruptured from an accumulation of heat ins ide  the te le therapy head o r  
shipping container. Participail ts  questioned how t h i s  heet could accumulate 
from the absorption of the gamna rays and it w a s  pointed out t h a t  the design and 
construction of equipment and shipping containers may be such tha t  the heat 
cannot be wel l  diss ipated by the source capsule i n  contact w i t h  the n e t a l  par ts  
of the machine or shipping container. 
informed of the  plans of Atomic Energy of Canada Limited and the United States  
Atomic Energy Commission f o r  changing over t o  a welded-type source container. 
Reports from various encapsulating companies indicated t h a t  they a r e  already 
adopting the welding pr inc ip le  as rapidly as techniques can be put i n t o  e f fec t .  
M r .  E. E. Pierce, Oak Ridge National Laboratory, gave a de ta i led  description of 
the  techniques they are using fo r  sea l ing  source capsules. 
at tached as an appendix." 

Some part ic ipants  
Mzmbers of 

They expressed an opinion t h a t  the 

A t  t h i s  point the par t ic ipants  were 

H i s  report  i s  

* Appendix is  a t r ansc r ip t  of comments made as each s l i d e  was p-ojected. 
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The group turned i ts  at tent ion t o  what should be done with the sources 

t h a t  a re  already i n  use i n  teletherapy equipment. The suggestion was made tha t  
a l l  these capsules be removed and inspected; however, t h i s  would be a d i f f i c u l t  
procedure f o r  many owners of sources. Dr. Brucer pointed out t h a t  a section of 
the Handbook 54 has not been followed very closely and he recommended that greater 
emphasis be given t o  periodic wipe tests as recommended by the National Bureau 
of Stanciards. 
adequate control over any leakages t h a t  might occur i n  the f u t u r e .  
pointed out t ha t  on many of the  machines an addi t ional  beta  sh ie ld  a c t s  as 8 

container f o r  any cobalt t h a t  might be loose inside the machine. 
concurred with t h i s  suggestion. 

He f e l t  that i f  t h i s  procedure were followed, t h i s  should be 
It w a s  a l so  

"he group 

Availabil i ty of Cesium-137: 

by reviewing the current status of the ava i l ab i l i t y  of cobalt-60. 
meeting of the representatives of the X-ray industry there was some concern over 
whether enough cobalt-60 would be available t o  meet the indus t r i a l  demands. 
s t a t ed  tha t  the production of cobalt-60 has been such tha t  the United States 
Atomic Energy Commission has stopped processing the isotope u n t i l  the current 
inventory is  appreciably reduced, ?he current inventor,' is  being reduced a t  
what is  considered a sat isfactory rate ,  and it is ant ic ipated that before long 
the Commission will soon authorize fur ther  production of cobalt-60, 
representatives of the X-ray industry wanted t o  know what the Oak Ridge Nationkl 
Laboratory and the Commission would consider a minimum inventory level.  
M r .  Beauchamp repl ied t h a t  t h i s  w a s  a d i f f i c u l t  question and no def in i te  amount 
has been established a t  t h i s  time. 
ava i l ab i l i t y  of sources and that the minimum quantity wt trould..eventually be 
established would be dependent upon the projected market. 
catalogue cost  of cobalt-60. 
Oak Ridge National Laboratory vas essent ia l ly  out of the encapsulation business. 
They w i l l  do encapsulation only a t  the specif ic  request of some governmental 
agency, which has obtained pr ior  approval of the Commission. Mr. Eeauchamp 
went on t o  emphasize t h a t  the Oak Ridge National Laboratory would no lcgger 
furnish cobalt -60 teletherapy sources as such. 

had processed to-date about 13,000 cur ies  of cesium and they have 10,000 more 
that should go t o  stock abou t  one week after the date of t h i s  meeting. 
fur ther  ant ic ipated t h a t  there would be a production of an addi t ional  10,000 
curies within this f i s c a l  year (ending June 30, 1959). 

Report by M r .  E. E. Beauchamp 

Mr. Beauchamp s t a r t ed  h i s  discussion of the ava i l ab i l i t y  of cesium-137 
A t  the previous 

He 

One of the 

He f e l t  that he could assure continued 

He reviewed the current 
Mr. Beauchamp explained that as of March 1958 the 

In  reviewing the cesium-137 production M r .  Beauchamp reported tha t  ORNL 

It w a s  

The -mum spec i f ic  a c t i v i t y  of the cesium-137 i s  30 curies per gram. 
This specif ic  a c t i v i t y  cannot be increased much higher without the use of a hot 
calutron. 
looking a t  t h i s  problem and the laboratory has proposed t o  the Commission t h a t  
a calutron be made available f o r  the enrichment of the cesium-137. 
ant ic ipated t h a t  the calutron w i l l  be avai lable  within the near future.  
cesium-134 content i n  the current production i s  about 8 per cent. 

The developmental people of the Oak Ridge National Laboratory a re  

The 
The laboratory 

It is  not 
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cannot predict  with a cer ta inty vhat w i l l  be the cesium-134 content of the next 
batch t o  be produced; however, they estimate that it t r i l l  be somewhat lower than 
the 8 pel. cent. The percentage of the cesium-134 may be reduced by blending i n  
some of the decayed materials t h a t  are  now on hand. Mr. Beauchamp sa id  tha t  the 
Oak Ridge National Laboratory would l i k e  t o  have t h i s  group of indus t r i a l  
representatives indicate  what l eve l  of cesium-134 they could accept f o r  teletherapy 
sources. 
cesium-134. I&. Beauchamp was acquainted with t h i s  source and pointed out that  
it had been made from f u e l  rods that were removed from a p i l e  several  years 
before the current processing and the cesium-134 had had an opportunity t o  decay 
t o  a very low level.  
f u e l  rods i s  dependent upon the length of time tha t  the rod vas i n  a reactor 
and the r a t e  of power a t  which the reactor operated. 
small quant i t ies  of cesium-134. 
various reasons and t h i s  means tha t  most of the available f u e l  rods w i l l  be from 
reactors operating a t  a high-power level .  
Oak Ridge National Laboratory would not be able t o  take the current production 
material  and s tore  it fo r  several  years t o  allow the decay of the cesium-134. 
He  s ta ted  fur ther  tha t  they vould from time t o  time pobably have small batches 
of materials from very old f u e l  rods but since the quantity vould be l imited he 
could only use t h i s  material  t o  blend with the expected normal production of 
8 per cent. I f  the industry could accept some l eve l  betveen 5 and 8 per cent, 
ORNL could blend the available n a t e r i a l  t o  assure th i s  level .  I f  the industry 
should i n s i s t  on very low levels  of t h e  cesium-134 content, it would l i m i t  
seriously the Quantity of cesium-137 that would be available f o r  teletherzpy 
sources. 
could blend out several  thousand curies of cesium f o r  teletherapy sources. 
Mr. Beauchamp s t a t ed  t h a t  as he uilderstood the problem, the high energy of 
the cesium-134 was not a serious problem fo r  therapeutic uses b u t  the problem 
arose as a shielding o r  heal th  :>hysics protection problem. 
the use of material  having a large qxui t i ty  of cesium-134 vould require s h i e l ~ n g  
of api.roxir;lately the same s i ze  required f o r  cobalt-60. 
purchzsersof the teletherapy uni ts  lied assumed t h a t  as soon as cesium-137 vas 
airailable they would use cesium sources i n  uni ts  designed f o r  cobalt-60 sources .  
Dr. Brucer s t a t ed  that i n  a rxachine designed t o  hold cobalt-60 there would be 
enough protection t o  permi t  using cesium sources having approximately 20 per :e?.: 
cesium-134 content. However, Cor a machine designed spec i f ica l ly  f o r  using 
cesium-137, a d i f f i c u l t  problem might be encountered. 
t h i s  problem could be solved i n  another way. 
owners of cesium uni ts  could buy sources having a r e l a t ive ly  high percentage cr' 
cesium-134 content, set the sources aside, and allow them t o  decay u n t i l  the 
cesium-134, with i t s  half  l i f e  of 2.3 years, had decayed t o  an acceptable level .  
The question was raised from the f loo r  as t o  how the cesium434 would a f f ec t  tne  
beam charac te r i s t ics  of a cesium teletherapy uni t .  
cobalt-60 sources are considered as a monochromatic beam; hovever, i f  one takes 
a careful  spectrometric analysis of th i s  or  any other beam one finds tha t  he 
does not actual ly  have a monochromatic beam. It was h i s  opinion tha t  the 
cesium-134 content a t  the l eve l  they vere discussing would not i n  any way be 
objectional t o  a radiotherapist .  
content ranging between 5 aiid 6 2er cent would be acceptable. 

One par t ic ipant  reported on a source tha t  had l e s s  than 1 per cent 

It was stated tha t  the quantity of cesium-134 present i n  

A low-2over reactor produces 
Most reactors a re  operated a t  high leve l  for  

Mr. Beauchamp emphasized tha t  the 

A t  the 5 per cent l eve l  he thinks the Oak Ridge National Laboratory 

It was pointed o u t  

Many of the ear ly  

It vas emphasized tha t  
Ei ther  the ranufacturers or  the 

Dr. Brucer s t a t ed  tha t  t h e  

The par t ic ipants  agreed that a cesium-134 
. 
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Mr. Beauchamp announced t h a t  the Oak Ridge National Laboratory was s t i l l  

authorized t o  package cesium-137 sources f o r  te le therapy u n i t s .  
they would continue t o  do t h i s  u n t i l  some pr ivate  encapsulating firm expressed 
a will ingness t o  take over this operation. I f  t h i s  occurs the Commission w i l l  
then follow the same policy as i n  t h e i r  withdrawing from the packaging of 
cobalt  -60 sources. 

He said t h a t  

Recommendations 

It is emphasized t h a t  w e  know of no ser ious contamination accident t h a t  
has occurred from cobalt-60 teletherapy sources. However, once f o r  cer ta in  
and probably twice an  incident  has occurred t h a t  could have been serious i f  
not caught i n  time. Therefore, the par t ic ipants  concurred i n  the following 
recommendations : 

1. The Standard Source Capsule should be changed t o  a double welded 
capsule design. This recommendation has already been adopted by 
the  known manufacturers of te le therapy sources and i s  now i n  operation. 

2. The NBS Handbook 54 should emphasize the necessity f o r  periodic wipe 
tests. This recommendation i s  being sen t  t o  Mr. Carl Braestrup, 
the ed i to r  of NBS Handbook 54. 

3. An addi t ional  sh ie ld  should probably be recoinixnded f o r  each machiie 
i n  order t o  f o r e s t a l l  massive contamination should it occur. This 
i s  not a very s t rong recommendation. 
Mr. Carl Braestrup, the ed i to r  of‘Handbook 54, f o r  the consideration 
of the Bandbook 54 committee. 

However, i t  i s  being sent  t o  

4. Cesium-137 sources should be sold with a cesiuri1-13Lb contamination 
of less than 8 per cent on the  date of sa le .  This recornendation 
has been transmitted t o  Mr. Beauchamp of O m .  It appears t o  be 
a p rac t i ca l  answer t o  the cesium-134, 137 mixture yroblem and has 
already been infortnal1.j p u t  i n t o  e f f ec t .  

5. The United S ta tes  Atomic “Inergy Commission should survey a l l  
teletherapy sources under t h e i r  respons ib i l i ty  by 2 simple wipe t e s t  
o r  some other  similar e a s i l y  accomplished means. 
has been taken on t h i s  recommendation. 

No act ion as ye t  

6 .  Although there  i s  no de f in i t e  recommendation, the par t ic ipants  of the 
F i f t h  X-ray Indus t r i a l  CoLference f e l t  t h a t  some o f f i c i a l  cognizance 
should be taken of the impression t h a t  la rge  teletherapy sources of 
t he  old design may begin t o  leak spontaneously a f t e r  a period of time. 
These sources m i g h t  be reca l led  a f t e r  they have been f u l l y  used by 
the first customer and replaced with the new uelded design before 
being shipped t o  a second user. 
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Remote Welding of Stainless  S tee l  Cmtainers 

E. E. Pierce 
Oak Ridge National Laboratory 

Radioactive materials, such as Cs137, Co6O and Ir192 a re  routinely 
encapsulated by the  Isotopes Division a t  Oak Ridge National Laboratory. 
dependable seal must be made t o  prevent leakage of radioactive mater ia l  from 
the  capsule. Customer requests f o r  radioactive sources containing large amounts 
of a c t i v i t y  and f o r  u s e  i n  high-temperature regions o r  i n  corrosive l iqu id  media 
necessitated the development of equipment f o r  sea l ing  sources by welding. 
Previously, seal ing of the sources was acconplished by gaskets and soldering. 

A 

The Heliarc nonconsumable electrode process involving no deposition of 
f i l l e r  metal i s  used f o r  the following reasons: 

1. 

2. 

3.  

4. 

The shielded c e l l s  avai lable  f o r  source fabricat ion,  and equipped 
with k d e l  8 Master Slave Manipulators, are used f o r  several  d i f fe ren t  
operations r e su l t i ng  i n  frequent changes of eqipment . Therefore, 
it i s  desirable  t h a t  the remote portion of the device be portable, 
e a s i l y  decontaminated, and simple t o  operate. 

Because of the iner t -gas  atmosphere, the Heliarc uelds a re  stronger, 
more duc t i le ,  and more corrosion r e s i s t a n t  t l a n  velds made with 
ordinary arc-welding processes. 

The use  of a flux i s  avoided, and thereby the p c s s i b i l i t y  of the 
f l u x  penetrating th s  container and causing corrosion i s  eliminated. 

Q-pe 316 s t a i n l e s s  s t ee l ,  -dhich was selected f o r  the source containers 
because of i t s  weld abilitjj  and i t s  resis tance t o  corrosion from 
chloride salts and the atmosphere, presents no unusual metallurgical 
problems t o  the Heliarc process. 

The power supply un i t  consis ts  of a standard rJorrer su@jj sssenbly, which 
is  a Miller e l e c t r i c  welding machine, model SR-200-A, a control  un i t  model S3-32A 
and an amperage control.  

The model SR-2W-A i s  a portable D-C welder 220/440V with three welding 
ranges. 

The model SR-32A control  >anel provides f o r  automatic flow of argon t o  
prevent oxidation and f o r  a flow of water t o  cool the electrode during welding 
requir ing high curreat .  It has a high-frequency s t a b i l i z e r  Tor a r c  i n i t i a t i o n .  
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The current i s  regulated by e i t h e r  a model RFC-23 foot  control  o r  a 

nodel RMC-23 motorized control.  
be gradually decreased a f t e r  the 7,ield has  been completed, t o  prevent the formation 
of c r a t e r s  and pinholes. 

The motorized control  permits the current t o  

Figure 1 shows the welding machine, control panel and foot  control.  
The notorized control  i s  not shovn. 

The remotely operated portion of the welding assembly i s  placed inside 
the heavily shielded c e l l s  and operated with manipulators and e l e c t r i c a l  
controls from the outside. 

Three remote machines have been fabricated and tes ted.  Two of the uni ts  
have been used t o  seal hundreds 02 containers f i l l e d  with radioactive compounds 
and metals. 

The f i r s t  un i t  fabr icated was designed t o  accommodate a wide range of 
container s izes .  
long a re  welded. 

Containers varying from 1/4" t o  3" diameter and 1/2" t o  11" 

The frame shown i n  Figure 2 is  constructed of s t a in l e s s  s t e e l  angles 
welded t o  form two sections.  
the container holder i s  hinged t o  the o ther  section, which serves as a base. 
This pmnits the welding of containers i n  a horizontal  posi t ion o r  i n  a v e r t i c s l  
posit ion.  
posit ion.  The base sect ion i s  36 x 27 inches wi th l i f t i ng  r icgs .  The support 
sec t ion  i n  a v e r t i c a l  posi t ion is 29 inches high; t he  assembly w e i g h s  
approximately 100 pounds. 

One sect ion supports the electrode assembly and 

Mgure 3 shows the  assembly adjusted f o r  velding i n  2 v e r t i c a l  

The electrode holder used i s  a Machine Heliweld Holder No. 2302-2190 
manufactured by A i r  Reduction Compzny, Incorporated. 
arm t h a t  nay be ro ta ted  from a v e r t i c a l  posi t ion t o  a horizontal  posit ion f o r  
making s ide  welds on containers. The 2 per cent thor ia ted  electrode i s  1/16" 
diameter and i s  sharpened t o  a Foint. 

It i s  mounted on a movabie 

The electrode i s  positioned by means of 2 revers ible  Bodine motors 
Extensions on the m t o r  shaf t s  permi t  mounted 011 rack and pinion drives. 

positio:iing the electrode with the maaipulators i n  the event of motor f a i lu re .  
Svitches t o  control  the motors a re  located outside the shielded c e l l .  

The motorized container holder consis ts  of a 5-inch chuck mounted on a 
Graharr, nodel 20 W 30 variable  sgeed dr ive with a speed raage of 0 t o  40 rpn. 
The chuck is  chrome plated t o  prevent corrosion. 

This assembly worked w e l l  f o r  t he  l a rge r  containers b u t  was d i f f i c u l t  
t o  a d j u s t  f o r  the small-size containers.  

Figure 4 i s  a photogrcph of containers 314" diameter x 6" long welded 
with t h i s  equipment. 
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When it was found t h a t  most cf the  requests were f o r  the smaller sources 

the second assembly was fabricated t o  accommodate small containers (Mg. 5 ) .  
It operates i n  a v e r t i c a l  posi t ion with the same type of container hoider and 
ro ta t ing  mechanism. Reversible &dine niotors are used with a small la the  bed 
and cross feed t o  posi t ion the electrode. 
and can be F s i t i o n e d  a t  various angles by means of a bal l  detent assembly 
attached t o  the electrode holder. 
containers welded with the small assembly. 
shown; the ones with the  p la in  top a re  inner containers and the ones with the 
handling post on top  a r e  outer  containers. 
thick.  Double encapsulation is  used with most dry powdered compounds t o  give 
ex t r a  protection against  lezkage. 

The electrode is  a Heliarc model HW-9 

Figure 6 i s  a photograph of s t a in l e s s  s t e e l  
Three complete source assemblies a re  

The container walls are 0.020 inch 

Figure 7 i s  an enlarged photograph, approximately 100 times ac tua l  s ize ,  
of a cross sect ion of a weld made on one of the small containers. The thickness 
of the container w a l l  is  0.020 inches. The curved l i n e  near the top i s  a r e s u l t  
of the  current tapering fea ture  of the welding machine controlled by the motorized 
switch. This reduces the formation of c ra t e r s  o r  pinholes t h a t  may occur when 
the current i s  quickly decreased. Tne container i s  316 s t a in l e s s  s t e e l ,  and the 
plug is  made of type 410 s t a i n l e s s  s t e e l ,  which i s  magnetic. This enables the 
customer t o  use a small permanent magnet o r  electromagnet t o  handle the  sources. 

The sequence of operations f o r  welding a container i s  as follows: 

The model 8 manipulators are used t o  secure the container i n  the 
chuck and t o  ad jus t  the speed of the ro ta tor .  
i s  control led by a switch outside the  c e l l .  

"he current t o  the r a t a to r  

The electrode i s  positioned by two &dine motors t h a t  a r e  controlled 
by switches located near the operating face of the c e l l .  The motors 
operate a t  6 rpm and are reversible .  
p r i o r  t o  the  welding operation i s  important and must be closely controlled. 
The container and electrode are observed through a monocular that has been 
modified f o r  a short-range viewing. 

The posit ioning of the electrode 

The welding operation is controlled by two switches. One switch 
starts and stops the ro t a to r .  The other  switch operztes the  motorized 
control  which maintains the current during welding and decreases it a t  
the end of the welding operation. 

Experience has shown tha t  the following conditions are important f o r  
successful welding: 

1. The surfaces t o  be velcied should be clean. 

2. The material ins ide  the containers should be dry. 

3. There should be p rac t i ca l ly  no clearance between the surfaces t o  be 
welded. A press f i t  is ?referable.  

4. Thoriated tungsten electrodes should be used. 

5 .  Simulated welds should be made i n  order t o  e s t ab l i sh  welding speeds 
and current  s e t t i ngs .  

I 1 3 b B b b  
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The t h i r d  remote u n i t  has been t e s t ed  f o r  perfomance b u t  has not been 

used t o  s e a l  radioactive sources. The uni t  consis ts  of t v o  par t s :  a drive 
un i t  t h a t  i s  pl-d inside the shielded c e l l s  and a control  un i t  t h a t  i s  operated 
outside the ce l l s .  

Figure 8. me drive un i t  consis ts  of an electrode posi t ioner  controlled 
by reversible  Bodine o r  Brown instrument motors s i m i l a r  t o  the ones on the other 
un i t s  that have been described. A chrome-plated chuck i s  used t o  hold the 
containers. 
i n  s t a in l e s s  steel  t o  make decontamination possible. The receiver is connected 
e l e c t r i c a l l y  t o  a Selsyn t ransmit ter  un i t  i n  the control  assembly. 
close speed control  from outside the c e l l  and the un i t  is a l so  reversible .  
Figure 9. 
close control  of the  speed of the Selsyn uni ts .  
motors a re  mounted on the cent ra l  un i t .  

The ro t a t ing  mechanism is driven by a Selsyn receiver enclosed 

This permits 

The control  un i t  contains a Zero Max Gear Head Motor drive t h a t  permits 
%itches t o  control  the  Bodine 

The three  uni t s  described a re  used f o r  the most pa r t  f o r  the routine 
sea l ing  of standard containers; however, many spec ia l  containers have been 
sealed by welding, some of them requiring l i n e a r  welds. 
adapters a r e  fabr icated as needed i n  order t o  s e a l  the spec ia l  containers. 

Tools, holders, and 

ILIost of the sealed containers are leak t e s t ed  by S i r s t  cooling them a f t e r  
welding, then immersing them i n  hot  water and watching closely f o r  bubbles. 
They are then cleaned, checked f o r  contamination, and stored f o r  a period of - 
30 days. 
before being packed f o r  shipment. 

They a re  again checked f o r  contamination and leak tes ted  by immersion 
t 
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LEAKS I N  STANDARD SEALED TELETHERAPY SOURCES* 
R. J. CLOUTIER and MARSHALL BRUCER 

3lcdical Division, Oak Ridge Institute of Suclrar Studies, Oak Ridgc, ‘l’cnncsscc 

(Received 2 1 Seplembcr I 960) 

Abstract-Telctlierapy sources encapsulated in the United States and Canada from 1954 to 
1959 were generally of the standard, single capsule, sealed type. One feature of the standard 
capsule was belicved to be its tight seal and its ability to maintain this integrity. Late in 1958, 
a standard capsule source at the Oak Ridge Institute of Nuclear Studies (encapsulated I &  
years earlier with cobalt-60 metal pellets) developed a leak. This leak resulted in from 30 to 
100 mc of activity being released before it was detected. Subsequent investigation of other 
sealed sources in the United States revealed that thirteen of 200 standard teletherapy capsulcs 
had developed leaks. .4 review of the possible causes of leakage, and of the standard capsule 
design, fabrication, sealing and initial and subsequent leak testing, has resulted in recommended 
changes to reduce the probability of future capsule failures. The incidcnce of failures alrcady 
encountered, however, has made apparent the importance of routinc leak testing of cncap- 
sulated sources. 

INTRODUCTION 
A SEALED source is generally defined as being 
any source that is encased in a capsule designed 
to prevent the leakage or escape of the radio- 
active material. The  importance of preventing 
uncontrolled leakage of radioactive material 
was recognized in the early 1900’s. Radium 
sources made at  this time were frequentIy 
encapsulated. These capsules, however, some- 
times failed, and widespread contamination 
often resulted with the attendant risk of persons 
ingesting or inhaling the radium or radon. T h e  
risk of source capsule failure is not a new 
problem. 

When, in the late 1940’s, radioisotopes 
became generally available, medical personnel 
recognized that the radiation from one of these 
isotopes, cobalt-60, could be used to ad\.antage. 
Cobalt-60 offered a means of treating patients 
with photon energies in the supervoltage range. 
T o  produce photons of comparable cobalt-60 
energy, two-million-volt peak S- ray  units were 
required. These units are espensive to build 
and maintain. 

. 
4 

\’ -.-* 

t 

Uiiclcr contraci with the United States .\tomic 
Prcsenied at tlir meeting of tlir E n e r F  Commission. 

Healtli Physics Society, I July 1‘960. 

I t  was recognized in the early design dcvelop- 
ment of teletherapy units that they must be 
inherently safe and that a desirable feature 
would be the standardization of source capsules 
so that sources could be interchanged between 
units.(l) Thus a source that through decay was 
no longer adequate for one program could be 
transferred to another teletherapy unit that did 
not require so high a radiation output rate. 
The design of the first standard cobalt-60 
teletherapy source was selected by the members 
of the X-ray industries, Atomic Energy of 
Canada, Ltd., and the United States -4tomic 
Energy Commission in Sovember 1953.(*) 

DESCRIPTION OF THE FIRST STANDARD 

Most of the cobalt-60 sources produced for 
teletherapy units after January 1934 were of the 
standard cobalt-60 type. This was a single 
capsule, sealed by means of lead O-rings. The 
capsule (Fig. I )  consisted of a cap of tungsten 
alloy. Tungsten alloy was choseil because of its 
high density, its cost, and its ability to be 
machined. By placing the high density tungsten 
close to the source, where i t  could be used to 
best advantage as shieldirig, the overall u.eight 
of the teletherapy unit could be reduced. The  

COBALT-60 TELETHERAPY CAPSULE 
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end of the cap was open, thus permitting the 
y-rays to pass through uiiattcniiated in the 
direction of the useful beam. A cup of stainless 
steel fitted into the cap. A tungsten plug 
designed according to the shape of cobalt to be 
inserted was then fitted into the cup, Two lead 
rings were used to seal the unit. The first 
O-ring fitted at the shoulder of the plug, and 
the second fitted at the lid of the stainless steel 
can. The  units normally held 1000 curies; 
hence, they were loaded remotely. To load the 
capsule the cobalt-GO was placed into the plug. 
The plug was then inserted into the stainless 
steel can, and the cap was placed over the can. 
With the lead O-rings in place, the units were 
screwed together with sufficient pressure to 
cause the lead O-rings to cold flow and form a 
leak-tight seal. 

The units were then leak tested by the wipe 
method. This method consists of wiping the 
source capsule with filter paper arid checking 
the wipe for contamination. Sources that 
showed negligible contamination were con- 
sidered properly sealed. These sources were 
then held for about 30 days, when a subsequent 

) leak test was made to ensure that the seal was 
maintained. If the source capsule passed both 
leak tests, i t  was shipped to the purchaser for 
installation in the teletherapy head. 

, 

DESCRIPTION OF REPORTED LEAKS 
The design of the capsule and its testing 

before being used were believed in 1953 to be 
adequate for the prevention of leaks. In  fact, 
routine leak testing after installation of the 
source was not required by the Atomic Energy 
Commission. The NCRP in the Kational 
Bureau of Standards Handbook 54, Protection 
Azainst Radiations from Radium, Cobalt-60, and 
Cesium-1 37, did, however, mention that smear 

A source, which was encapsulated in a 

standard wipe leak test, was placed in an Oak 
Ridge Institute of Suclear Studies teletherapy 
unit. About a year and a half later, a leak 
developed and moderate contamination rc- 
sulted. The capsule contained about G5Oc of 
cobalt-60 in the form of cobalt metal pellets. 

The manner in which the ORIXS leak was 

d 
I testing of the source should be carried out. ~ 

I standard capsule and had passed the I957 

3 

dctected is of interest, for some of the leaks 
noted at other installations were detected in a 
similar manner. A routine smear contamina- 
tion check of the medical facilities had indicated 
that slight contamination existed. \I'hile a 
recheck of the areas was being carried out to 
determine the source of the contamination, a 
technician who had been working in the tele- 
therapy rooms approached a S a 1  detector used 
to scan patients. The scaling unit attached to 
the detector began to indicate the presence of 
radioactive material. When the technician 
retreated and reapproached the detector, i t  
was immediately apparent that he was con- 
taminated. A spectrum of the contaminant 
indicated that i t  was cobalt-GO. Monitoring of 
the teletherapy areas, where the technician 
worked, showed that contamination was more 
widespread in these rooms. Suljsequent survey- 
ing showed that the contamination was from 
teletherapy head no. 1 of a t\co-hcadcd tcle- 
therapy unit. The estimate made after an 
analysis of the many surveys and analysis of 
smears taken in the teletherapy area and in the 
cone of the teletherapy head indicated that 
from 30 to IO0 mc of' cobalt-60 had bcen 
released. Contamination of the medical facili- 
ties, although extensive, was not too difficult to 
decontaminate and only standard cleaning 
methods were required.'3) * The early detection 
of the leak and the control procedures used for 
the subsequent decontamination of the area 
were sufficient to prevent personnel exposures 
in excess of one-tenth of the permissible external 
and internal radiation  exposure^.'^) The tele- 
therapy head containing the leaking capsule 
was sealed in polyethelene and the head was 
removed from its yoke. The head was sent to 
the Oak Ridge National Laboratory where, in 
a hot cell, the source was removed and examined. 
There was no external, visible sign of damage 
to the capsule.' The source was remoi.ed L.om 
the capsule and the capsule and seal \\ere 
examined. Some damage to the lead seal \\'IS 
noted. 

Since one leak had occurred u-ith the standard 
capsule, i t  \vas deemed advisable to conduct a 
pilot study and get in touch with some owners 
~ 

Rcferencc (3) gives a detailed description of the leak 
and the problem of  decontamination. 

J 



of this type of source capsule and have them 
leak test their unit. .At this time there were 
about 200 of the old O-ring standard capsules in 
use. Most of these sources were made by the 
Oak Ridge Kational Laboratory and the 
Canadian Chalk River Laboratories. Fifty 
owners of the old capsule type of sources were 
requested to leak test their units. The results 
were favorable in that there were no other 
apparent leaks. The leak testing technique 
used was similar to that recommended in KBS 
Handbook 54.14 This method consists of 
smearing with a piece of filter paper either the 
capsule or parts of the unit that come into 
proximity with the capsule during some part of 
its m~vemen t . (~ -~ )  

Since the request for leak testing was made, 
thirteen of the 200 standard capsules have 
developed leaks. Incidentally, although non- 
standard capsules are not included in this 
rcport, it is known that three capsules of 
nonstandard design have developed leaks. 

Decontamination costs for these leaks were 
always high. The costs, however, depended 
greatly on how soon the leak was detected after 
it started, the size of the leak, and the nature 
of the room in which the leak occurred. 

CAUSE OF THE LEAKS 
Although it is impossible to give the esact 

cause of the leaks, because complete studies 
were not carried out, causes can be postulated. 
One cause could be that the seals initially were 
not complete and that the test method used 
initially was inadequate. The method, as men- 
tioned earlier, was the wipe test. This method 
is not a critical one because it does not actually 
measure the integrity of the seal. 
For all leaks reported to date, there was a 

delay of more than one year between the 
encapsulation and the time that the leak was 
noted. This may be attributed to the fact that 
the source is a metal and many of them are 
coatcd with gold or nickel to prevent the surface 
from osidizing. I t  is believed that cobalt oside 
is the material that leaked from the capsules; 
if so, it would have been restricted in its forma- 
tion and release. Therefore, a period of time 
would have to elapse before sufficient cobalt 
oxide was available for release. 

Another possibility is that the scal was good 
at tlie time that the source capsule was chccked, 
and that it failed only later. Seal failure could 
have been brought about by two causes. One, 
the failure could have resulted from themechani- 
cal movement of the capsule or by the movement 
of the source itsclf inside the capsule. In 
general, the source is prevented from moving 
by means of shims. Repeated movement of the 
source could possibly have caused the failure 
of the mechanical seal, for lead acts like plastic 
and does not resume its original shape if de- 
formed. The second possibility is that the heat 
generated by the source could have caused the 
seal to fail by causing expansion of the com- 
ponents, or could have melted the O-ring seal 
and caused it to flow. On cooling it would 
not return to its original shape. A kilocurie of 
cobalt-60 under certain conditions could reach 
a temperature high enough to cause this to 
occur. In most teletherapy units, however, 
thcre is a large heat sink in the form of the 
shielding and the shutter wheel to carry off the 
heat and prevent escessive temperatures from 
developing. In the loading, transfer, or storage 
of the source before loading, there is not always 
such a desirable heat transfer medium and 
high temperatures could be attained. The lead 
O-ring of the ORINS source that failed was 
damaged in one place. The damage was 
similar to that espected from melting. If 
failure was due to melting, it is not believed 
that the melting could have taken place in the 
teletherapy head because of the vast heat sink 
available to the source. In  storage before 
loading, however, there were times when the 
source was in air with limited heat transfer. 
The O-ring failure may have occurred at  this 
time. This, however, does not explain why the 
leak developed many months after the source 
\.vas placed in the unit. 
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DESCRIPTION OF THE NEW STANDARD 
CAPSULE 

Because the difficulty appeared to be at the 
O-ring seal, it was realized that the old standard 
capsule was not adequate, and that a new type 
seal was rcquired. The size of the capsule was 
retained in order to permit the continued 
interchange of the units. The new capsule, 
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FIG. 1.  Old standard teletherapy capsule. 



Fic. 2. New standard teletherapy capsule. 
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recommended by the lcifth X-ray Industrial 
Conference in December l 9W3)  is shown in Fig. 
2. The capsule consists of a stainless steel can into 
which the cobalt is placed. The can is closed 
with a Heliarc-welded cap.‘6) The sealed can 
is then placed in another stainless steel cup. 
A cap is placed on this cup and the unit is 
Heliarc welded closed, The source is now 
encapsulated in a double can, both of which are 
welded closed. As a check on the integrity of 
the seal, the capsule is leak tested by the heated 
water or helium leak test method before being 

L installed in a teletherapy unit. The leak test 
methods now used actually measure the integrity 
of the seal. A wipe test, however, is still per- 
formed to determine the degree of contamination 
of the outside container. 

The capsule after passing the leak and wipe 
test is placed in a capsule holder that has the 
same outside physical dimensions as the old 
standard capsule. Most of thc units now being 
made are of this type. To  date no failures of the 
new capsule have been reported. 

SUMMARY 
It is now known that thirteen cobalt-60 

teletherapy capsules, encapsulated in the stand- 
ard O-ring type teletherapy capsule have 
developed leaks. About 200 of these capsules 
are still in service. It is impossible to state the 
cause of the capsule failures that have already 
occurred, or to state that all the capsules that 
are going to fail have already done so. Certain 
general things can be said. Capsules that have 
leaked were in service for more than a year 
before leaks occurred. Also the cobalt dust 
that leaked usually resulted in rather widespread 
contamination before detection. 

L‘ntil rccrntly, AEC rcgulations did not 
require the routine checking of cobalt tele- 
therapy capsules for leakage ; howc\w, the 
AEC now requires leak testing every G months. 
The new teletherapy capsule has been dcsigncd 
to reduce the possibility of leakage; however, 
it must be remembered that during the initial 
design work of the old capsule it was believed 
that the initial capsule “wouldn’t leak in a 
miIlion years.” The problem of ensuring the 
integrity of capsules should be re-examined at 
each site, and especially at sites using the old 
type of capsule. Although this paper has dealt 
only with teletherapy sources, a comparable 
number of leaks ha5 been noted for other uses 
of sealed sources. Periodic leak testing should 
be carried out regardless of the type of capsule 
or its use, if the problems of contamination and 
the attendant high cost of decontamination are 
to be avoided. 
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