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One of the most pos tu lated ac ci dents in 60Co ra dio ther apy units is the source get ting
stuck, where one or more of the staff should en ter the treat ment room to deal with the
prob lem. For such an ac ci dent, an emer gency plan is im por tant. A three-di men sional
model of a 60Co ther apy room has been done us ing the Monte Carlo code MCNP4B.
The ra di a tion safety mea sures taken and the draw ings of the de vice are given to gether
with sug ges tions for fu ture use of the source for ir ra di a tion pur poses. More over, the
cal cu lated re sults were com pared with those of an ex per i men tal study deal ing with this 
prob lem and were found to be in very good agree ment.
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IN TRO DUC TION 

A ra dio log i cal ac ci dent is an un in tended or
un ex pected event in volv ing the source of the ra di a -
tion or an in ci dent with ion iz ing ra di a tion, which
may re sult in sig nif i cant hu man ex po sure and/or
ma te rial dam age. It in cludes ac ci dents with re ac -
tors, in dus trial sources and med i cal fa cil i ties. Over
the past few years, not only work ers, but mem bers
of the pub lic as well, have suf fered ra di a tion in ju -
ries re lated to ra dio log i cal ac ci dents. The causes
and con se quences of ra dio log i cal ac ci dents have
been a re cur rent theme in the ac tiv i ties and pro -
grams of the In ter na tional Atomic En ergy Agency
and World Health Or ga ni za tion deal ing with ra di -
a tion safety and pre ven tion of ra di a tion health haz -
ards. These in clude oc cu pa tional ra di a tion pro tec -
tion, as sess ment and treat ment of ra di a tion health
ef fects, emer gency plan ning and pre pared ness and
the safety of ra di a tion sources [1].

Ra dio ther apy is well es tab lished as an in dis -
pens able means of treat ment in na tional can cer
con trol programmes in de vel op ing and de vel oped 
coun tries. In ra dio ther apy, ra di a tion is used di -
rectly to de stroy ma lig nant tis sue. With re spect to
ra di a tion pro tec tion, ra dio ther apy is unique in a
num ber of ways. It is the only ap pli ca tion in
which high ra di a tion doses are de liv ered in ten -
tion ally to a par tic u lar part of a hu man body with -
out any bar ri ers; thus, any mis take made or ac ci -
dent in volv ing the source of the ra di a tion or the
beam it self, may have se vere con se quences not
only for the pa tient, but in some cases for the
worker who must deal with the sit u a tion. Con -
stant re view ing of ra dio log i cal ac ci dents and their 
causes and the dis sem i na tion of the les sons
learned and con clu sions reached have proved to
be a valu able tool in the pre ven tion of such ac ci -
dents [2].

Ra dio ther apy has evolved con sid er ably in the
last 25 years, with the ad vances in com puter hard -
ware im age dis play and plan eval u a tion tools [3].
Ra di a tion safety in ra dio ther apy is gov erned by na -
tional legislations, largely de riv ing from Pub li ca -
tion 26 of the In ter na tional Com mis sion on Ra dio -
log i cal Pro tec tion [4]. It is im por tant to un der stand
the in ter na tion ally ac cepted frame work for ra di a -
tion pro tec tion and safety in med i cal ap pli ca tions in
or der to pin point where a break down in an ac ci dent
has oc curred. The safe use of a ra di a tion source im -
plies that ra di a tion haz ards as so ci ated with any of its 
par tic u lar ap pli ca tions are jus ti fied, that ra di a tion
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pro tec tion is op ti mized and that in di vid ual dose
lim its are in com pli ance with  of fi cial rec om men da -
tions [5]. As for ra dio ther apy treat ment plan ning,
Monte Carlo tech niques rep re sent a pow er ful tool
for study ing dif fi cul ties in trans port ing ra di a tion,
such as those in volv ing the tis sue and the sep a ra tion
of pri mary and scat ter dose com po nents.

All over the world, high ac tiv ity 60Co sources
are com monly used in ra dio ther apy. In tense beams
of pen e trat ing gamma ra di a tion are needed to treat
can cers, hence high en ergy and high ac tiv ity sources 
are used in spe cially de signed ma chines to de liver
the re quired amount of ra di a tion doses in a con -
trolled man ner [6].

This study has dealt with the as sess ment of
doses re quired in a 60Co ra dio ther apy unit, us ing
the Monte Carlo tech nique to es ti mate the ex po sure 
doses of work ers at var i ous dis tances from the
source, in the case when the dose re ceived is a re sult
of a stuck source ac ci dent.

MONTE CARLO TECH NIQUE

The Monte Carlo sim u la tion of ra di a tion
trans port in an ab sorb ing me dium is cur rently the
most ac cu rate tech nique of dose cal cu la tion in ra -
dio ther apy. The Monte Carlo N-Par ti cle (MCNP)
code fol lows a large num ber of par ti cle his to ries,
from their birth at the source, un til each par ti cle is
ter mi nated, ei ther through ab sorp tion, its en ergy
fall ing be low a pre-set en ergy cut-off, or by es cap ing 
the geo met ric vol ume of in ter est. In ter ac tions are
sim u lated through out each par ti cle his tory, us ing
prob a bil ity den sity func tion de ter mined from
atomic and nu clear data. Each par ti cle his tory is
unique and typ i cally only a very small num ber of the 
par ti cles con trib ute to the tally.

The MCNP tal lies are nor mal ized per start ing
par ti cle and given in the out put file ac com pa nied by
the es ti mated sta tis ti cal un cer tainty. These quan ti -

ties are com puted af ter each com plete Monte Carlo
his tory, which ac counts for the fact that the var i ous
con tri bu tions to the tally from the same his tory are
cor re lated.

For a well-be haved tally, the es ti mated sta tis ti -
cal un cer tainty will be pro por tional to (1/n)1/2,
where n is the num ber of his to ries. Thus, to halve
the es ti mated sta tis ti cal un cer tainty, the to tal num -
ber of his to ries must be in creased by four fold in or -
der for the sam ple pop u la tion to ad e quately rep re -
sent the true es ti ma tion of the prob lem.

A Monte Carlo code is very pre cise in spec i fy -
ing com plex ge om e try. Thus, it re quires lon ger
items to ob tain an ac cept able es ti ma tion of the tal -
lies [7], if no vari ance re duc tion tech niques were
used. A draw back of the method is the long com -
put ing time, es pe cially in the case of pho ton beams
needed to get dose re sults of rea son able sta tis ti cal
ac cu racy. How ever, faster com put ers and adapted
Monte Carlo meth ods [8-10], will turn Monte Carlo 
dose plan ning into a rou tine in the near fu ture.

MA TE RI ALS AND METH ODS

The MCNP4B code [11] was used in this study
to sim u late the dose in the 60Co room which has di -
men sions of about 6 ´ 10 m. Fig ure 1 il lus trates the
phys i cal lay out of the treat ment room con sist ing of a
ra di a tion cell and a source ma nip u la tion room. The
source rests 20 feet un der ground when not in use. Fig -
ure 2 il lus trates the head of the 60Co model theratron
which was used in this study, with di a phragm was
sup posed to be 20 ´ 20 cm field area at 80 cm SSD
(Source Sur face Dis tance) and 15 ´ 15 cm at 60 cm
for SSD. The source is me chan i cally pushed along a
long tube sur rounded by a thick block of lead to wards
the ON po si tion, at which point no one ex cept the pa -
tient is al lowed to en ter the treat ment room. Af ter the
ex po sure, the source must go back to its OFF po si tion
where it may get stuck; one or more of the staff must
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Fig ure 1. Co balt-60 source
lay out. Num bers 1-9 de -
note points in the worker
path



then en ter to deal with the prob lem, push ing the cap -
sule man u ally, with a rod 100 cm long, pre pared for
this pur pose. The ra di a tion beam is de fined by a man -
u ally ad just able slope-sided collimator as sem bly. This
collimator uses a fixed rect an gu lar field to be ob tained.

Point de tec tor tech niques and F5 tally are used
to cal cu late the gamma rays flux at dif fer ent points in
the path and the ANSI /ANS pho ton flux-to-dose
con ver sion fac tor are used to de ter mine the dose rate.  
Ten mil lion pho ton his to ries are used to ac cu mu late
the tal lies which are nor mal ized to the co balt source.
The sta tis ti cal un cer tain ties of the re sults range be -
tween 1-3% for all tally val ues.  The sim u la tion time
for each cal cu la tion point is ap prox i mately 1-2
hours, at com puter plat form PC-1700 MHz. (The
point de tec tor tech nique usu ally con sumes a lot of
com puter time, but also achieves a better pre ci sion).
A de fault cross sec tion li brary is used for pho ton tally
and the code reads the cross sec tion au to mat i cally
from the pho ton cross sec tion li brary MCPLIB22.
The 60Co source emits two pho tons per dis in te gra -
tion, with en er gies of 1.333 and 1.17 MeV.

Fig ure 3 gives a two di men sional plane of the
de scribed model, as given by MCNP4B in an ir ra di a -
tion po si tion, where the source ap pears in side the
tung sten shield, sur rounded by a thick shield of lead.

The sce nario of the ac ci dent was drawn up ac -
cord ing to an ex per i men tal study which il lus trated an 

ex per i men tal model of ra di a tion dose mea sure ments
for oc cu pa tional per son nel dur ing a source stuck. A
PDM por ta ble do sim e ter and Ko dak ra di a tion mon -
i tor ing films were fixed on a Rando phan tom [12].
The time re quired to deal with the prob lem, in clud -
ing that re quired to en ter the room, go to the treat -
ment couch, shift a stretcher into po si tion, carry the
phan tom onto the stretcher and re move it from the
room, was found to be 40 s as:

(1) en ter ing and leav ing the room in a cer tain
rout away from the pa tient re quired 16 s, and

(2) trans fer ring the phan tom from the ta ble to 
the stretcher, 24 s.

To ver ify this model, the av er age dose in these
two steps was cal cu lated at a height cor re spond ing
to the mid dle point of the worker’s trunk.
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Fig ure 2. Head of the Co machine

Fig ure 3. Ver ti cal cross sec tion view of the room



RE SULTS AND DIS CUS SIONS

The dose rate at dif fer ent po si tions in side the
room was cal cu lated ac cord ing to the sce nario de -
scribed pre vi ously. The cal cu lated dose rate in the
first stage was 18 mSv per 16 s, the ex per i men tal one 
19 mSv per 16 s. The dose re ceived in the case when
the pa tient is trans ferred from the ta ble to the
stretcher was also cal cu lated. The cal cu lated dose rate 
turned out to be 247.5 mSv per 24 s, the ex per i men tal 
one 249.6 mSv per 24 s. So, the to tal dose re ceived
dur ing the pro cess was 265.5 mSv, while the ex per i -
men tal value was 268.6 mSv in a pe riod of 40 s.

The com par i son be tween cal cu lated and ex -
per i men tal dose rates at the same field size (20 ́  20
cm) and the same source ac tiv ity of 5500 Ci (1 Ci =
= 3.7 ×1010 Bq) were il lus trated. The stan dard de vi -
a tion in the re sults was de ter mined to be 20%. Fig -
ure 4 shows both ex per i men tal and cal cu lated dose
rate dis tri bu tions in the pos tu late path of the
worker deal ing with the prob lem of a source be ing

stuck. All these points were mea sured and cal cu -
lated at a height of 125 cm from the floor,
cor re spond ing to the mid dle point of a worker’s
trunk. Re sults in di cate that the dose rate in creases as 
the worker moves closer to the source. The ef fect of
scat tered ra di a tion ap pears at points 5 and 6, as
shown in fig. 5, where the ef fect ap pears at 30 cm
from the shield.

The dose was also mea sured at the ac tiv ity of
7000 Ci, which cor re sponds to the real ac tiv ity in the
time be ing. The cal cu lated dose rate was found to be
23.32 mSv per 16 s and 314.5 mSv per 24 s.

CON CLU SION

Some emer gency pro ce dures need to be in
place at any treat ment unit in case of an ac ci dent. In
gen eral, the first steps are to use the source driv ing
mech a nism to re turn the source to its po si tion. If
this is not im me di ately suc cess ful and there is a pa -
tient pres ent, the pa tient must be re moved from the
source area and the area se cured from fur ther en try
un til the sit u a tion has been put un der con trol. The
worker should be well trained to deal with the prob -
lem and the dose that he has re ceived must be re -
corded.
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Fig ure 4. Com par i son be tween ex per i men tal and
cal cu lated dose rate

Fig ure 5. Dose rate dis tri bu tion in Cobalt-60 treat -
ment room for dif fer ent source ac tiv i ties
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PRORA^UN  OZRA^ENOSTI  OSOBQA  U  TOKU  OTKLAWAWA 
ZASTOJA  KOBALTNOG  IZVORA

Zastoj izvora je jedan od najo~ekivanijih akcidenata u radioterapiji kobaltom, kada
jedan ili vi{e tehni~ara moraju da u|u u terapijsku prostoriju radi otklawawa kvara. Za ovakav
akcident nu`an je plan o delovawu u vanrednim okolnostima. Kori{}ewem Monte Karlo programa
MCNP4B, na~iwen je trodimenzionalni model prostorije za terapije kobaltom. Prikazane su
preduzete mere radijacione sigurnosti i nacrt ure|aja, zajedno sa predlozima za daqe kori{}ewe
izvora u svrhe ozra~ivawa. Najzad, rezultati prora~una upore|eni su sa eksperimentalnim
podacima za ovaj slu~aj i potvr|ena je wihova veoma dobra saglasnost.

Kqu~ne re~i:  zastoj izvora, radijaciono izlagawe u radioterapiji, prora~un doze


