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STAFF DOSE CALCULATION DURING
A COBALT-60 SOURCE STUCK
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One of the most postulated accidents in 9°Co radiotherapy units is the source getting
stuck, where one or more of the staff should enter the treatment room to deal with the
problem. For such an accident, an emergency plan is important. A three-dimensional
model of a °°Co therapy room has been done using the Monte Carlo code MCNP4B.
The radiation safety measures taken and the drawings of the device are given together
with suggestions for future use of the source for irradiation purposes. Moreover, the
calculated results were compared with those of an experimental study dealing with this
problem and were found to be in very good agreement.

Key words: source stuck, radiation exposure in radiotherapy, dose calculation

INTRODUCTION

A radiological accident is an unintended or
unexpected event involving the source of the radia-
tion or an incident with ionizing radiation, which
may result in significant human exposure and/or
material damage. It includes accidents with reac-
tors, industrial sources and medical facilities. Over
the past few years, not only workers, but members
of the public as well, have suffered radiation inju-
ries related to radiological accidents. The causes
and consequences of radiological accidents have
been a recurrent theme in the activities and pro-
grams of the International Atomic Energy Agency
and World Health Organization dealing with radi-
ation safety and prevention of radiation health haz-
ards. These include occupational radiation protec-
tion, assessment and treatment of radiation health
effects, emergency planning and preparedness and
the safety of radiation sources [1].
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Radiotherapy is well established as an indis-
pensable means of treatment in national cancer
control programmes in developing and developed
countries. In radiotherapy, radiation is used di-
rectly to destroy malignant tissue. With respect to
radiation protection, radiotherapy is unique in a
number of ways. It is the only application in
which high radiation doses are delivered inten-
tionally to a particular part of a human body with-
out any barriers; thus, any mistake made or acci-
dent involving the source of the radiation or the
beam itself, may have severe consequences not
only for the patient, but in some cases for the
worker who must deal with the situation. Con-
stant reviewing of radiological accidents and their
causes and the dissemination of the lessons
learned and conclusions reached have proved to
be a valuable tool in the prevention of such acci-
dents [2].

Radiotherapy has evolved considerably in the
last 25 years, with the advances in computer hard-
ware image display and plan evaluation tools [3].
Radiation safety in radiotherapy is governed by na-
tional legislations, largely deriving from Publica-
tion 26 of the International Commission on Radio-
logical Protection [4]. It is important to understand
the internationally accepted framework for radia-
tion protection and safety in medical applications in
order to pinpoint where a breakdown in an accident
has occurred. The safe use of a radiation source im-
plies that radiation hazards associated with any of its
particular applications are justified, that radiation



E. Massoud, H. M. Diab: Staff Dose Calculation during a Cobalt-60 Source Stuck 49

protection is optimized and that individual dose
limits are in compliance with official recommenda-
tions [5]. As for radiotherapy treatment planning,
Monte Carlo techniques represent a powertul tool
tor studying difficulties in transporting radiation,
such as those involving the tissue and the separation
of primary and scatter dose components.

All over the world, high activity ©°Co sources
are commonly used in radiotherapy. Intense beams
of penetrating gamma radiation are needed to treat
cancers, hence high energy and high activity sources
are used in specially designed machines to deliver
the required amount of radiation doses in a con-
trolled manner [6].

This study has dealt with the assessment of
doses required in a ®*Co radiotherapy unit, using
the Monte Carlo technique to estimate the exposure
doses of workers at various distances from the
source, in the case when the dose received is a result
of a stuck source accident.

MONTE CARLO TECHNIQUE

The Monte Carlo simulation of radiation
transport in an absorbing medium is currently the
most accurate technique of dose calculation in ra-
diotherapy. The Monte Carlo N-Particle (MCNP)
code follows a large number of particle histories,
from their birth at the source, until each particle is
terminated, either through absorption, its energy
falling below a pre-set energy cut-off, or by escaping
the geometric volume of interest. Interactions are
simulated throughout each particle history, using
probability density function determined from
atomic and nuclear data. Each particle history is
unique and typically only a very small number of the
particles contribute to the tally.

The MCNP tallies are normalized per starting
particle and given in the output file accompanied by
the estimated statistical uncertainty. These quanti-

ties are computed after each complete Monte Carlo
history, which accounts for the fact that the various
contributions to the tally from the same history are
correlated.

For a well-behaved tally, the estimated statisti-
cal uncertainty will be proportional to (1/n)!/2,
where n is the number of histories. Thus, to halve
the estimated statistical uncertainty, the total num-
ber of histories must be increased by fourfold in or-
der for the sample population to adequately repre-
sent the true estimation of the problem.

A Monte Carlo code is very precise in specify-
ing complex geometry. Thus, it requires longer
items to obtain an acceptable estimation of the tal-
lies [7], if no variance reduction techniques were
used. A drawback of the method is the long com-
puting time, especially in the case of photon beams
needed to get dose results of reasonable statistical
accuracy. However, faster computers and adapted
Monte Carlo methods [8-10], will turn Monte Carlo
dose planning into a routine in the near future.

MATERIALS AND METHODS

The MCNP4B code [11] was used in this study
to simulate the dose in the ®°Co room which has di-
mensions of about 6 x 10 m. Figure 1 illustrates the
physical layout of the treatment room consisting of a
radiation cell and a source manipulation room. The
source rests 20 feet underground when not in use. Fig-
ure 2 illustrates the head of the ©°Co model theratron
which was used in this study, with diaphragm was
supposed to be 20 x 20 cm field area at 80 cm SSD
(Source Surface Distance) and 15 x 15 cm at 60 cm
for SSD. The source is mechanically pushed along a
long tube surrounded by a thick block of lead towards
the ON position, at which point no one except the pa-
tient is allowed to enter the treatment room. After the
exposure, the source must go back to its OFF position
where it may get stuck; one or more of the staft must

The source in the midle of the room
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(a) Horizontal plane of the room

(b) Vertical plane of the room
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Figure 2. Head of the Co machine

then enter to deal with the problem, pushing the cap-
sule manually, with a rod 100 cm long, prepared for
this purpose. The radiation beam is defined by a man-
ually adjustable slope-sided collimator assembly. This
collimator uses a fixed rectangular field to be obtained.

Point detector techniques and F5 tally are used
to calculate the gamma rays flux at different points in
the path and the ANSI /ANS photon flux-to-dose
conversion factor are used to determine the dose rate.
Ten million photon histories are used to accumulate
the tallies which are normalized to the cobalt source.
The statistical uncertainties of the results range be-
tween 1-3% for all tally values. The simulation time
tor each calculation point is approximately 1-2
hours, at computer platform PC-1700 MHz. (The
point detector technique usually consumes a lot of
computer time, but also achieves a better precision).
A default cross section library is used for photon tally
and the code reads the cross section automatically
from the photon cross section library MCPLIB22.
The ®°Co source emits two photons per disintegra-
tion, with energies of 1.333 and 1.17 MeV.

Figure 3 gives a two dimensional plane of the
described model, as given by MCNP4B in an irradia-
tion position, where the source appears inside the
tungsten shield, surrounded by a thick shield of lead.

The scenario of the accident was drawn up ac-
cording to an experimental study which illustrated an

experimental model of radiation dose measurements
tor occupational personnel during a source stuck. A
PDM portable dosimeter and Kodak radiation mon-
itoring films were fixed on a Rando phantom [12].
The time required to deal with the problem, includ-
ing that required to enter the room, go to the treat-
ment couch, shift a stretcher into position, carry the
phantom onto the stretcher and remove it from the
room, was found to be 40 s as:

(1) entering and leaving the room in a certain
rout away from the patient required 16 s, and

(2) transferring the phantom from the table to
the stretcher, 24 s.

To verify this model, the average dose in these
two steps was calculated at a height corresponding
to the middle point of the worker’s trunk.

Figure 3. Vertical cross section view of the room
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RESULTS AND DISCUSSIONS

The dose rate at different positions inside the
room was calculated according to the scenario de-
scribed previously. The calculated dose rate in the
first stage was 18 pSv per 16 s, the experimental one
19 uSv per 16 s. The dose received in the case when
the patient is transferred from the table to the
stretcher was also calculated. The calculated dose rate
turned out to be 247.5 uSv per 24 s, the experimental
one 249.6 pSv per 24 s. So, the total dose received
during the process was 265.5 pSv, while the experi-
mental value was 268.6 pSv in a period of 40 s.
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Figure 4. Comparison between experimental and
calculated dose rate
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Figure 5. Dose rate distribution in Cobalt-60 treat-
ment room for different source activities

The comparison between calculated and ex-
perimental dose rates at the same field size (20 x 20
cm) and the same source activity of 5500 Ci (1 Ci =
= 3.7-101° Bq) were illustrated. The standard devi-
ation in the results was determined to be 20%. Fig-
ure 4 shows both experimental and calculated dose
rate distributions in the postulate path of the
worker dealing with the problem of a source being

stuck. All these points were measured and calcu-
lated at a height of 125 cm from the floor,
corresponding to the middle point of a worker’s
trunk. Results indicate that the dose rate increases as
the worker moves closer to the source. The effect of
scattered radiation appears at points 5 and 6, as
shown in fig. 5, where the effect appears at 30 cm
from the shield.

The dose was also measured at the activity of
7000 Ci, which corresponds to the real activity in the
time being. The calculated dose rate was found to be
23.32 uSv per 16 s and 314.5 uSv per 24 s.

CONCLUSION

Some emergency procedures need to be in
place at any treatment unit in case of an accident. In
general, the first steps are to use the source driving
mechanism to return the source to its position. If
this is not immediately successful and there is a pa-
tient present, the patient must be removed from the
source area and the area secured from further entry
until the situation has been put under control. The
worker should be well trained to deal with the prob-
lem and the dose that he has received must be re-
corded.
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Eman MACY/, Xanan M. [IUAB

IMPOPAYYH O3PAYEHOCTU OCOB/BA Y TOKY OTKIABABA
3ACTOJA KOBAIITHOI N3BOPA

3acToj m3Bopa je jenaH Ofl HajOUCKMBAHUjUX aKIUJCHATa Yy pajuoTepanuju KoGaaToM, Kaja
jelaH WM BUIIIe TEXHUYapa MOpPajy Aia yby y TepamnujcKy mpocTopHjy paju OTKiIamama KBapa. 3a OBaKkaB
aKIUJEHT Hy>KaH je IJIaH O IeIoBaky Y BaHpeHUM okosHocTuMa. Kopuurhewem Monrte Kapino nporpama
MCNP4B, HauumeH je TPOAUMEH3UOHAIHN MOJE] IpOCTopHje 3a Tepanuje KobanToM. Ilpukasane cy
mpefy3eTe Mepe pagujanoHe CUTYPHOCTH 1 HALpT ypebaja, 3ajeaHo ca mpeano3nMa 3a fajbe Kopumheme
u3BOpa y CBpxe o3pauuBama. Haj3aj, pesyararu npopaudyHa ynopebeHu cy ca ekcrnepuMeHTaTHUM
nojlaliuMa 3a OBaj Cllyyaj U OTBpheHa je ’huxoBa BeoMa 1o0pa carjacHOCT.

Kmwyune peuw: 3acitioj uzeopa, paoujayuuoro uaaazarbe y paouoiliepaiuju, GpopasyH 0o3e



