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Con tain ment of a trans port cask dur ing both nor mal and ac ci dent con di tions  is  im por tant 
to  the  health  and  safety  of  the  pub lic  and  of  the op er a tors. Based on IAEA reg u la tions,
releasable ac tiv ity and max i mum per mis si ble vol u met ric leak age rate within the cask con tain -
ing fuel sam ples of Teh ran Re search Re ac tor en closed in an ir ra di ated cap sule are cal cu lated.
The con tri bu tions to the to tal ac tiv ity from the four sources of gas, vol a tile, fines, and cor ro -
sion prod ucts are treated sep a rately. These cal cu la tions are nec es sary to iden tify an ap pro pri -
ate leak test that must be per formed on the cask and the re sults can be uti lized as the source
term for dose eval u a tion in the safety as sess ment of the cask.
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IN TRO DUC TION

Tech ni cal as pects of me chan i cal, ther mal,
shield ing, crit i cal ity, and con tain ment re quire ments
dur ing both nor mal and ac ci dent con di tions should be
con sid ered in de sign of a trans port or stor age cask
[1-7]. The con tain ment re quire ments are es tab lished
by both na tional and in ter na tional stan dards [8, 9]. Ac -
cord ing to the IAEA Reg u la tions for the Safe Trans -
port of Ra dio ac tive Ma te rial [10], lim its on the
releasable ma te ri als un der nor mal and ac ci dent con di -
tions are spec i fied as a func tion of the con tents and the
ac tual quan tity of ma te rial that may be re leased is de -
pend ent upon its iso to pic con stit u ents [11]. Since ab -
so lute con tain ment can not be guar an teed, the pur pose
of spec i fy ing max i mum al low able ac tiv ity leak rates is 
to per mit the spec i fi ca tion of ap pro pri ate and prac ti cal
test pro ce dures which are re lated to ac cept able ra dio -
log i cal pro tec tion cri te ria [12].

In or der to trans port ir ra di ated fuel sam ples of
Teh ran Re search Re ac tor (TRR), a trans port cask
which is cat e go rized as a Type B(U) pack age, is in -
tended to be de signed based on the IAEA Reg u la tions.
In this study, releasable ac tiv ity and max i mum per mis -
si ble vol u met ric leak age rate within the cask con tain -

ing TRR fuel sam ples en closed in an ir ra di ated cap sule 
are cal cu lated. The sche matic of the cask and the cap -
sule is shown in fig. 1.
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* Cor re spond ing au thor; e-mail: mdrezaeian@aeoi.org.ir Fig ure 1. The sche matic of the cask and capsule



METH OD OL OGY

Ac cord ing to the paragraph 659 of the IAEA
Reg u la tions, the cask shall be so de signed that it would 
re strict the loss of ac tiv ity to not more than 10–6A2 per
hour in nor mal con di tions of trans port (NCT) where
A2 (Bq) is de pend ent upon the iso topes be ing trans -
ported and it is tab u lated in the IAEA Reg u la tions.
Also, the cask shall be so de signed that it would re strict 
the ac cu mu lated loss of ac tiv ity in a pe riod of one
week to not more than 10A2 for kryp ton-85 and not
more than A2 for all other radionuclides in hy po thet i -
cal ac ci dent con di tions (HAC). As the max i mum per -
mis si ble re lease rate for nor mal con di tions of trans port 
(RN) is A2×10–6 per hour, there fore
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On the other hand, as the max i mum per mis si ble
re lease rate for ac ci dent con di tions (RA) is A2 per week
(10A2 per week for kryp ton-85), there fore
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where mix tures of dif fer ent radionuclides are pres ent,
Amix ture shall ap ply, ex cept for the kryp ton-85 that an ef -
fec tive A2(i) value may be used which is equal to
10A2.Thus, A2 in eqs. (1) and (2) is equal to
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where A2(i) and fi are the ap pro pri ate A2 value for nu -
clide i and the frac tion of releasable ac tiv ity of nu clide
i in the mix ture, re spec tively.

At first, the A2 value is used to cal cu late the max i -
mum per mis si ble re lease rate and then the max i mum
per mis si ble leak age rate for both NCT and HAC. For
time-av er aged vol u met ric con cen tra tions of the sus -
pended ra dio ac tiv ity within the cask CN [Bqcm–3], the
max i mum per mis si ble leak age rates from the trans port
cask for the nor mal con di tions of trans port, LN [cm3s–1], 
could be cal cu lated by
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For  time-av er aged  vol u met ric con cen tra tions
of   the  sus pended   ra dio ac tiv ity   within   the  cask
CA [Bqcm–3], the max i mum per mis si ble leak age
rates from the trans port cask for the ac ci dent con di -
tions, LA [cm3s–1], could be cal cu lated by
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The ac tiv ity per unit vol ume of the releasable ra -
dio ac tive ma te rial within the cav ity un der nor mal con -
di tions, CN [Bqcm–3] is equal to

 CN

Total releasable activity  for NCT

Free volume of
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Also, the ac tiv ity per unit vol ume of the
releasable ra dio ac tive ma te rial within the cav ity un der
ac ci dent con di tions, CA [Bqcm–3] is equal to
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Total releasable activity  for HAC
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where RA is the releasable ac tiv ity and VC is the free vol -
ume of the cav ity. The free vol ume of the cav ity in eqs.
(6) and (7) is equal to the dif fer ence be tween the vol ume 
of the cav ity and the vol ume of the cap sule.

There are four sources of ra dio ac tive ma te rial
that may be come air borne dur ing trans por ta tion.
These sources are gases, volatiles, fines, and CRUD
[13]. CRUD is a cor ro sion prod uct whose ac tiv ity co -
mes pri mar ily from co balt. The prin ci pal vol a tile
radionuclide is ce sium [11]. If a clad ding fail ure oc -
curs, a large frac tion of the gap in ven to ries of the filled
gas and gas eous fis sion prod ucts (tri tium, io dine,
kryp ton, and xe non) will be in tro duced into the free
vol ume of the trans port cask. Tri tium and kryp ton-85
are typ i cally the ma jor sources of ra dio ac tiv ity among
the pres ent gases [14]. Vol a tile spe cies, such as ce -
sium, stron tium, and ru the nium, can also be re leased
from a fuel rod as a re sult of a clad ding breach. Al -
though some of these iso topes may only be vol a tile un -
der the hy po thet i cal ac ci dent con di tions, they are in -
cluded in the anal y sis for nor mal trans port con di tions
as a con ser va tive ap proach. The CRUD ac tiv ity as so -
ci ated with the ox ide layer of the clad ding ma te rial.
The fines are char ac ter ized as par ti cles with di am e ters
less than about 100 mm [14]. The fu els fines are par tic -
u late ma te ri als com posed of the fuel com pounds and
are pro duced as a re sult of the me chan i cal stresses at
the fuel-clad ding in ter face. Fines can be ejected from
the fuel rod through the clad ding fail ure by the purg ing 
ac tion of filled gas and gas eous fis sion prod ucts. A
sud den re lease of the fuel fines oc curs when the clad -
ding in teg rity is ini tially lost, but no ad di tional re -
leases oc cur once equi lib rium con di tions are reached.
The con tri bu tions to the to tal ac tiv ity den sity in the
ship ping cask free vol ume from the four sources are
treated sep a rately. There fore, the A2 val ues of the four
sources are de ter mined sep a rately. The A2 for each of
the four groups is cal cu lated by eq. (3).The releasable
ac tiv ity of each nu clide is de ter mined us ing set of fac -
tors. These fac tors are spec i fied for each of four
groups of nu clide (gas, vol a tile, fines and CRUD)
[13]. There fore, the releasable ac tiv ity (RA) is de ter -
mined us ing the fac tors as fol lows 
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RA TA f f= b i (8)

where TA is the to tal ac tiv ity which is cal cu lated by
ORIGEN, fb and fi are the frac tion of breach ing in the
cask which in cludes the breach ing in the fuel (fb,f) and
the cap sule (fb,c) and the frac tion of gas or vol a tile that
es capes from the breached fuel and cask, re spec tively.
fb is de ter mined us ing

f f fb b, f b,c= (9)

There are dif fer ent fac tors for the fines group in -
stead of fi. More over, the de ter mi na tion of the
releasable ac tiv ity for the CRUD has a dif fer ent
method. Both fines and CRUD releasable ac tiv ity cal -
cu la tions will be in tro duced later.

The source term as so ci ated with the con tents of
the ir ra di ated TRR fuel sam ples are de ter mined by use
of ORIGEN code. Be cause an ORIGEN cal cu la tion
pro vides out put for over 800 radionuclides, the num -
ber of radionuclides in the ORIGEN out put can be re -
duced by di vid ing the amount of each cooled
radionuclide by its A2 value and then se lect ing the
small est set of these nor mal ized cu rie amounts that
yielded a sum greater than 99.9 per cent of the sum of
all of these nor mal ized cu rie amounts. This pro ce dure
re duces the ORIGEN out put to a much smaller set of
radionuclides that are im por tant for the es ti ma tion of
ra dio log i cal health ef fects. In ad di tion, in most fu els
five radionuclides in clud ing 106Ru, 134Cs, 144Ce,
147Pm, and 154Eu, avail able for re lease, were added so
that the most of the fuel in ven to ries con tained the same 
set of radionuclides. In or der to have a no ble gas in the
in ven tory, 85Kr which is the no ble gas with the larg est
cu rie amount in the ORIGEN in ven tory for ir ra di ated
fuel sam ples, is also added to the re duced set of
radionuclides, al though elim i nated by the A2 screen
[15].

RE SULTS AND DIS CUS SION

The max i mum per mis si ble leak age rates are cal -
cu lated for both nor mal con di tion of trans por ta tion
(NCT) and hy po thet i cal ac ci dent con di tion (HAC). fb,c

is as sumed to be equal to 1.00 dur ing the fail ure of the

cap sule and it means that in this case, all of the ra dio ac -
tive nu clide is leaked out. In the nor mal con di tion, the
fb,f  is con ser va tively as sumed to be equal to 1.00 be -
cause of the fact that the fu els are re search sam ples
which are pur posed for ir ra di a tion con di tion eval u a -
tion in the TRR core and the si mul ta neous fail ure of all
sam ples are prob a ble.

Gas cal cu la tion

A mix ture of A2 is de ter mined by eq. (3). The fac -
tors and releasable ac tiv ity val ues for the gas group,
A2mix, are cal cu lated and il lus trated in tab. 1. The
releasable ac tiv ity is cal cu lated us ing eq. (8). The fG is
the fis sion gas re lease frac tion. The releasable ac tiv ity
den sity in side the cav ity due to the re lease of gas is de -
scribed by eqs . (4) and (5). Based on these cal cu la -
tions, Cgas,N = 4.1366×104 Bq/cm3 and Cgas,A =
=.2.63033×107 Bq/cm3.

Vol a tile cal cu la tion

The re leased vol a tile which is con sid ered in this
anal y sis in cludes Cs, Sr, and Rb. The frac tional re lease of 
volatiles (fv) is es ti mated less than 10–6 based on the ex -
per i men tal data on the re lease of fis sion prod ucts dur ing
fuel melt ing ex per i ments [13]. Those volatiles which oc -
cupy the vol ume frac tion of fuel meat, are re leased as
fines and it is also in cluded in the fines cal cu la tion. A
mix ture of A2 is de ter mined by the eq. (3). The fac tors
and releasable ac tiv ity val ues for the fines group, A2mix,
are cal cu lated and il lus trated in tab. 2. The releasable ac -
tiv ity for vol a tile is cal cu lated us ing eq. (8) and is pre -
sented in tab. 2. The fV is the fines re lease frac tion. The
releasable ac tiv ity den si ties in side the cav ity due to the
re lease of gas are Cvol a tile,N = 1.83816×101 Bq/cm3 and
Cvol a tile,A = 1.16846×104 Bq/cm3 for nor mal and ac ci dent
con di tions, re spec tively.

Fines calculation

A mix ture of A2 is de ter mined by eq. (3). The fac -
tors and releasable ac tiv ity val ues for the fines group
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Ta ble 1. Mix ture A2 de ter mi na tion for gases in TRR fuel sam ples

Nor mal con di tion

Nu clide A2 [Bq] Ac tiv ity* [Bq] fG fb,f fb,c RA [Bq] Fi
** Fi/A2i [Bq–1]  

85Kr 9.99×1012 2.63403×1011 3.00×10–1 1.00 1.57×10–3 1.2395×108 1.00 1×10–13

SFi/A2i = 1.001×10–13 Bq–1     SRA = 1.2395×108 Bq     A2gas,N = 9.99×1012 Bq

Ac ci dent con di tion

Nu clide A2 [Bq] Ac tiv ity* [Bq] fG fb,f fb,c RA [Bq] Fi Fi/A2i [Bq–1]
85Kr 9.99×1012 2.63403×1011 3.00×10–1 1.00 1.00 7.9032×1010 1.00 1×10–13

SFi/A2i = 1.001×10–13 Bq–1     SRA = 7.9032×1010 Bq     A2gas,A = 9.99×1012 Bq

*The ac tiv ity cal cu lated by ORIGEN: **The releasable ac tiv ity frac tion



are cal cu lated. All the nuclides are in the fines group
ex cept for the gases [16]. As men tioned pre vi ously,
there are ad di tional fac tors for cal cu lat ing the
releasable ac tiv ity and ex plained in releasable ac tiv ity
re la tion ship as pre sented [13]

RA Fines activity f ESA P
T

V
= × × ×b

F

M

(10)

where ESA is the amount of ex posed meat sur face area
per cask and is 1 % of out side plates for nor mal and ac -
ci dent con di tions [cm2], P [cm] – the depth of cor ro -
sion at tack, TF – the ox ide spallation frac tion, VM  [cm3] 
– the vol ume of the meat re gion of the fuel per cask.

For the TRR sam ples, the ESA is the sur face of 

two larg est side 1830 cm2 of each sam ples mul ti ply by

1 % which is de ter mined by ex per i men tal data [13].

There fore, ESA = 1.83×103. The fac tor P is the depth  of  

cor ro sion at tack and it is as sumed to be 5×10–4 cm [13]

and de pends on the ma te ri als of the fuel sam ples and

the thermo-hy drau lic and the chem i cal con di tions of

the cool ant. In this case al though the fuel sam ples are

in en closed ir ra di ated cap sule and are not prone to the

cool ant, con ser va tively it is as sumed that the fu els are

in the cor ro sion con di tions due to the cap sule fail ure.

The term TF,N = 0.15 and TF,A = 1.0 for NCT and HAC,

re spec tively. The alu mi num ox ide films are very te na -

cious and re sis tant to spallation. How ever, fuel han -

dling can cause scratches in the coat ing,  re sult ing  in

breach of the ox ide and pro vid ing sites sus cep ti ble to

ini ti a tion of pit ting cor ro sion. If the wa ter chem is try is

ag gres sive, pit ting can oc cur [16]. The VM = 640.5 cm3

is used here to ob tain the frac tion of cor ro sion re spect

to the fu els meats. There fore, the cal cu lated releasable

ac tiv ity den si ties in side the cav ity are Cfines,N = 8.51

Bq/cm3 and Cfines,A = 2.31065×107 Bq/cm3.

CRUD calculation

Alu mi num spent fuel do not ac quire CRUD in
the same man ner as com mer cial spent nu clear fuel
(SNF). The sur face ac tiv ity of Al-SNF is pri mar ily a
re sult of stor age in ra dio ac tively con tam i nated wa ter.
The A2mix, the fac tors and releasable ac tiv ity val ues for 
the fines group are cal cu lated and il lus trated in tab. 3.
The cal cu lated A2 value is 9.99×109 Bq [13]. The RA in -
side the con tain ment ves sel due to the re lease of fines
is de scribed by [13]

RA f S S= C C A (11)

where fC = fi is the CRUD spallation frac tion (fC,N =
=.0.15, fC,A = 1.0), SC – the CRUD sur face ac tiv ity
(5.143×103 Bq/cm2), SA – the sum of the sur face ar eas
of all mini-plate plus outer sur face of cap sule. For
TRR fuel sam ples, SA = 29241.338 cm2. There fore, RA
den si ties are CCRUD,N = 7.5073×103 Bq/cm3 and CCRUD,A

= 5.0061×104 Bq/cm3.

Com bin ing the sources of ra dio ac tive
ma te rial in cask free vol ume

The con tri bu tions to the to tal ac tiv ity den sity in
the ship ping cask free vol ume from the four sources
are com bined by

C C C C Ctotal gas volatile fines CRUD= + + + (12)

The to tal releasable ac tiv ity den sity in side the
cav ity due to the re lease of gases, volatiles, fines, and
CRUD is thus Cto tal,N = CN = 4.8914×103 Bq/cm3 and
Cto tal,A = CA = 4.9469×107 Bq/cm3. The mix ture A2 val -
ues de rived pre vi ously are com bined to de ter mine a
group A2 for nor mal and ac ci dent con di tions of trans -
port, re spec tively, us ing eq. (3). The tab. 4 il lus trates
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Ta ble 2. Mix ture A2 de ter mi na tion for vol a tile in TRR fuel sam ples

Nor mal con di tion

Nu clide A2 [Bq] Ac tiv ity [Bq] fV fb,f fb,c RA [Bq] Fi Fi/A2i [Bq–1]
89Sr 7.4×108 3.64931×1011 10–6 1.00 1.57×10–3 4.42150×105 8.009×10–1 1.83×1010

90Sr 7.4×108 2.76057×1011 10–6 1.00 1.57×10–3 3.27339×104 5.928×10–2 4.06×1010

137Cs 7.4×108 2.19077×1011 10–6 1.00 1.57×10–3 3.53905×104 6.409×10–2 4.39×1010

134Cs 7.4×108 8.7727×1012 10–6 1.00 1.57×10–3 4.181×104 7.570×10–2 1.48×109

SFi/A2i = 1.0431965×10–11 Bq–1     SRA = 5.5204×105 Bq     A2volatile, = 1.31239×1011 Bq

Ac ci dent condition

Nu clide A2 [Bq] Ac tiv ity [Bq] fV fb,f fb,c RA [Bq] Fi Fi/A2i [Bq–1]
89Sr 7.4×10 3.64931×1011 10–6 1.00 1.00 2.81×108 8.009×10–1 1.83×1010

90Sr 7.4×10 2.76057×1011 10–6 1.00 1.00 2.08088×107 5.928×10–2 4.06×1010

137Cs 7.4×10 2.19077×1011 10–6 1.00 1.00 2.24997×107 6.409×10–2 4.39×1010

134Cs 7.4×10 8.7727×1012 10–6 1.00 1.00 2.65734×107 7.570×10–2 1.48×109

SFi/A2i = 1.0431965×10–11 Bq–1     SRA = 3.510449×108 Bq     A2volatile, = 1.31239×1011 Bq



the A2 and releasable ac tiv ity den sity in nor mal and ac -
ci dent con di tions.

Max i mum per mis si ble re lease rate
and max i mum per mis si ble leak age rate

As sum ing that the re lease rate is in de pend ent of
time, the max i mum per mis si ble re lease rates for nor -
mal and ac ci dent con di tions of trans port can be ex -
pressed us ing eqs. (1) and (2). There fore, RN =
=.1.79783×101 Bq/s and RA = 1.86702×105 Bq/s. The
max i mum per mis si ble leak age rate is cal cu lated us ing
eqs. (4) and (5).  The re sults of these cal cu la tions are
LN = 3.675×10–4 cm3/s and LA = 3.774×10–3 cm3/s for
nor mal and ac ci dent con di tions, re spec tively. The
max i mum per mis si ble leak age rates, LN and LA, must
be con verted to an equiv a lent air-leak age rate un der
stan dard con di tions to iden tify pos si ble leak-test
meth ods. Some thing that is of ten over looked is that
the reg u la tions spec ify that the pack age leak tight ness
must be dem on strated to a sen si tiv ity of A2×10–6 Bq/h.
Since test sen si tiv ity is spec i fied as RN/2 in the ANSI
N14.5 Stan dard, the al low able leak rate is then RN =
=.2A2×10–6 Bq/h. Or di narily, the leak rate is cal cu lated, 
and re ported, as A2×10–6 Bq/h, and the test sen si tiv ity is 
set to one-half of this value.

CON CLU SIONS

Releasable ac tiv ity and max i mum per mis si ble
vol u met ric leak age rate within the trans port cask con -
tain ing TRR fuel sam ples en closed in an ir ra di ated cap -
sule are cal cu lated. Four sources, which are treated sep -
a rately, have been con sid ered to the to tal ac tiv ity
den sity in the free vol ume of the ship ping cask. Based
on the cal cu la tions, the max i mum per mis si ble vol u met -
ric leak age rates for nor mal and ac ci dent con di tions are
LN = 3.675×10–4 cm3/s and LA= 3.774×10–3 cm3/s, re -
spec tively.

The cal cu lated max i mum per mis si ble leak age
rates and releasable ac tiv i ties for NCT and HAC can
be uti lized for iden ti fy ing an ap pro pri ate leak test that
must be per formed on the cask and dose eval u a tion in
the safety as sess ment of the cask. Also, the cal cu lated
releasable ac tiv i ties of nor mal and ac ci dent con di tions 
can be uti lized for dose eval u a tion in the safety as sess -
ment of the cask.

AU THOR CON TRI BU TIONS

The meth od ol ogy of cal cu la tions was per formed 
by M. Rezaeian. Three sep a rate ORIGEN cal cu la tions 
were car ried out by M. Rezaeian, A. Moosakhani, and
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Ta ble 3. Mix ture A2 de ter mi na tion for CRUD in TRR fuel sam ples

Nor mal con di tion

A2 [Bq] fC SA [cm2] SC [Bqcm–2] RA [Bq] Fi Fi/A2i [Bq–1]

9.99×109 0.15 2.924×104 5.143×103 2.25552×107 1.00 1×10–10

SFi/A2i = 1.001×10–10 Bq–1     SRA = 2.25552×107 Bq     A2CRUD,N = 9.99×109 Bq

Ac ci dent condition

A2 [Bq] fC SA [cm2] SC [Bqcm–2] RA [Bq] Fi Fi/A2i [Bq–1]

9.99×109 1.00 2.924×104 5.143×103 1.50368×106 1.00 1×10–10

SFi/A2i = 1.001×10–10 Bq–1     SRA = 1.50368×106 Bq     A2CRUD,A = 9.99×109 Bq

Ta ble 4. A2 and releasable ac tiv ity den sity in both NCT and HAC in TRR fuel sam ples

Source A2i value [Bq] Ci value [Bqcm–3] Frac tion (Ci/Ct) Frac tion/A2i

Gas 9.99×1012 4.14×104 8.459×10–1 8.46747×10–13

Vol a tile 1.31×1011 1.84×101 3.758×10–4 2.86348×10–14

Fines 5.54×1010 8.51 1.740×10–4 3.13932×10–14

CRUD 9.99×109 7.51×103 1.535×10–1 1.53654×10–10

SCi = 4.890019×104 Bqcm–3        SFi/A2i = 1.54560428390183×10–10 Bq–1

Group A2,N = 6.4676×1010 Bq

Source A2i value [Bq] Ci value [Bqcm–3] Frac tion (Ci/Ct) Frac tion/A2i

Gas 9.99×1012 2.63×107 5.317×10–1 5.32232×10–13

Vol a tile 1.31×1011 1.17×104 2.362×10–4 1.79977×10–14

Fines 5.38×1010 2.31×107 4.670×10–4 8.68062×10–14

CRUD 9.99×109 5.01×104 1.012×10–3 1.01301×10–12

SCi = 4.94715456×107 Bqcm–3        SFi/A2i = 1.65004914507402×10–12 Bq–1

Group A2,A = 1.13146×1011 Bq



E. Noori. The re sults of cal cu la tions were checked by
M. Roshanzamir. The anal y sis of re sults was a joint
un der tak ing of all au thors. J. Kamali pro vided over all
guid ance dur ing the study and in ter pret ing the re sults.
The manu script was writ ten by M. Rezaeian and was
re viewed by M. Roshanzamir and J. Kamali. The fig -
ures and the ta bles were pre pared by A. Moosakhani
and E. Noori.
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OSLOBO\ENA  AKTIVNOST  I  MAKSIMALNA  DOZVOQENA
JA^INA  CUREWA  U  TRANS PORTNOM  BURETU  SA  UZORCIMA

GORIVA  TEHERANSKOG  ISTRA@IVA^KOG  REAKTORA

U normalnim uslovima rada kao i u toku akcidenata, izolovawe transportnog bureta
va`no je radi zdravqa i bezbednosti stanovni{tva i operatora. U saglasnosti sa propisima
Me|unarodne agencije za atomsku energiju, izra~unati su oslobo|ena aktivnost i maksimalna
dozvoqena zapreminska ja~ina curewa unutar bureta koje sadr`i uzorke goriva Teheranskog
istra`iva~kog reaktora zatvorenog u ozra~enim kapsulama. Doprinosi ukupnoj aktivnosti iz
~etiri razli~ita izvora, gasa, pare, praha i proizvoda korozije, razmatrani su zasebno. Ovi
prora~uni potrebni su da bi se utvrdio odgovaraju}i test curewa bureta koji se mora sprovesti, a
rezultati upotrebiti kao izvorni ~lan za odre|ivawe doze u proceni bezbednosti bureta.

Kqu~ne re~i: transportno bure, oslobo|ena aktivnost iz bureta, curewe iz bureta, TRR
..........................uzorci goriva


