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A ra dio log i cal dis per sion de vice is a weapon that com bines ra dio ac tive ma te rial with con ven -
tional ex plo sives for spread ing ra dio ac tive ma te rial across an in hab ited area. This study is fo -
cused on eval u at ing key pa ram e ters in an ra dio log i cal dis per sion de vice sce nario. The cal cu la -
tions were per formed to in clude two dif fer ent sit u a tions: by us ing ex plo sives and by sim ple
me chan i cal re lease. Sim u la tions were con ducted with the use of the HotSpot Health Phys ics
Codes. The re sults sug gest the ex is tence of sig nif i cant cor re la tions be tween sta bil ity classes in
sce nar ios where they evolve with time, pro duc ing al ter na tions be tween them. As long as the
sta bil ity class re mains con stant, this lat ter find ing of fers the pos si bil ity of cre at ing a suit able
re sponse, based on tem po ral evo lu tions. There fore, the pur pose of this study is to: es ti mate
the size of the po ten tially af fected pop u la tion, es ti mate ab sorbed doses, and es ti mate the
cost-ef fec tive ness in or der to help ini tial re sponses by pro vid ing time-sen si tive in for ma tion
about the event. A meth od ol ogy ca pa ble of pro vid ing use ful in for ma tion al lows prompt de ci -
sions and ini tial as sess ments of fu ture risks to be made ef fi ciently. This ap proach can also pro -
vide a train ing en vi ron ment for the per son nel re spon si ble for the de ci sion-mak ing at an early
stage of the re sponse.
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IN TRO DUC TION

A ra dio log i cal dis per sion de vice (RDD) is a
weapon that com bines ra dio ac tive ma te rial with con ven -
tional ex plo sives. This weapon is de signed for spread ing
ra dio ac tive ma te rial across an in hab ited area in a way
that con sid er able re sources are needed to mit i gate its ef -
fects. An RDD can gen er ate dam ages, and po ten tial
threats of so cial or i gin to the pub lic [1-3].

This study seeks to as sess the im pact of key pa -
ram e ters such as dose (to tal ef fec tive dose equiv a lent -
TEDE) and plume area on an RDD sce nario. Also, it is
in tended to in ves ti gate the re la tion ship be tween the ra -
dio log i cal re lease type (ex plo sion or puff), time, cost,
lo cal cli mate fea tures, and con se quences in the event
of a large-scale radionuclide re lease from an RDD.

The cal cu la tions were per formed to as sess the
ef fect of two dif fer ent sit u a tions: the use of ex plo sives
and the me chan i cal re lease of the ma te rial. The in flu -
ence of lo cal cli ma tic con di tions on both the ra dio ac -
tive ma te rial dis per sion and on the col lec tive dose of
ra di a tion of a po ten tially af fected pop u la tion are also
ad dressed. Fi nally, the pos si ble cost of the cor re spond -
ing det ri ment is also eval u ated.

Sim i lar stud ies were re cently con ducted by two
sep a rate groups. Cao et al. [4] as sessed the TEDE and
ground de po si tion by us ing the HotSpot health phys ics 
com puter code with site-spe cific me te o ro log i cal con -
di tions. The re sults in di cated that the TEDE and
ground de po si tion de creased with the in crease of the
down wind dis tance, nev er the less, re main larger than
the reg u la tory limit for the pub lic. An other group
headed by Kim et al. [5] fo cused on the ra dio ac tive de -
con tam i na tion waste fol low ing the Fukushima nu clear 
power plant ac ci dent in 2011. The study ad dressed im -
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prove ments in the trans por ta tion plans and guide lines
for de con tam i na tion waste trans por ta tion. The group
as sessed the ex ter nal dose rates around a trans por ta -
tion ve hi cle, the col lec tive doses, and the max i mally
ex posed in di vid ual doses by com pu ta tional means.

The re lease sce nario was sim u lated by us ing the
HotSpot health Phys ics soft ware [6]. This tool is ca pa -
ble of pro duc ing sim u la tions, through Gaussi an mod -
el ing, that may be of in ter est for the first re spond ers in
the first hours of an RDD event. Even though more
com plex mod els with rel a tively fast re sponses are also
good al ter na tives [7], some au thors have sug gested
that the Gaussi an mod el ing may be of in ter est for de ci -
sions in the ini tial phase of the event [1, 8, 9].

An ad di tional con tri bu tion may be rep re sented
by the abil ity to use lo cal cli ma tic con di tions, rep re -
sented by the Pasquill-Gifford at mo spheric sta bil ity
classes [10], to eval u ate the evo lu tion of the po ten tial
con se quences. This eval u a tion may be of in ter est if it
is as so ci ated with the type of re lease (ex plo sion or
non-ex plo sive me chan i cal re lease). De ci sion-mak ers
can rely on the sup port pro vided by com par ing sim u la -
tion re sults, thus en abling a more re al is tic threat-as -
sess ment to be made.

In gen eral, sim u la tion stud ies via com pu ta tional
plat forms sug gest im prove ments in the ap plied meth -
ods, whether from a math e mat i cal or sys tem per spec -
tive. In many cases, sim u la tions are ap plied to a real sce -
nario and as sess ments can help to clar ify prob lems,
im prove de ci sion strat e gies, and even help iden tify er -
rors that can be avoided in the fu ture. In a slightly more
gen eral ap proach, this work seeks to ap ply ex ist ing
meth ods ac cepted by the sci en tific com mu nity to gen -
eral sce nar ios. The study was con ducted in this way so
that the fo cus was al ways on its cre ative ap pli ca tion. In
this way, the HotSpot pro gram was used with out the
con cern with im ple ment ing im prove ments in its pro -
gram ming, al though at ten tion was paid to the re sults
aim ing to ver ify any di ver gences in re la tion to the o ret i -
cal pre dic tions about the stud ied phe nom ena. The fact
that ge neric sce nar ios are treated with out the in ten tion
of com par i son, as al ready men tioned, the in put data are
not re lated to a spe cific lo ca tion and the re sults are not
com pared to other avail able val ues in the lit er a ture.

METH OD OL OGY

The ra di a tion re leased to the en vi ron ment is a key
pa ram e ter in as sess ing the ra di a tion dose. This in for ma -
tion was con sid ered dur ing the sim u la tion us ing
HotSpot Health Phys ics soft ware 3.0.3. The pro gram
pro vides a first-or der ap prox i ma tion of the ra di a tion ef -
fects as so ci ated with the at mo spheric re lease of ra dio -
ac tive ma te ri als. More ac cu rate pre dic tions are to be ex -
pected for short-range sim u la tions (less than 10 km) in
the near fu ture (less than a few hours in ad vance) [6]. Its
cal cu la tions are based on a Gaussi an model, which is

suit able for im me di ate sup port to de ci sion-mak ing [6].
Hence, pro vid ing ac cu rate re sults for the pe riod of 48
hours from the in ci dent, as re quired.

The sim u la tion of the event sce nario was per -
formed con sid er ing the pos si bil ity of trig ger ing the
RDD ei ther by a gen eral ex plo sion (GE) or by me -
chan i cal re lease (gen eral – GP). Once the sce nar ios
were sim u lated two ma jor re sults were ob tained: the
area of the con tam i na tion plume and its de pend ence on 
the Pasquill-Gifford classes as a func tion of the ob ser -
va tion time, and the col lec tive dose of ra di a tion based
on the TEDE. The HotSpot out put dose val ues, due to
plume pas sage, have al ways in cluded the cloud sub -
mer sion ef fec tive dose equiv a lent with the in ha la tion
com mit ted ef fec tive dose equiv a lent (CEDE). The
TEDE is con sid ered as the sum of CEDE (in ha la tion)
and ef fec tive dose equivalent (sub mer sion) [6]. The
code pro vides the TEDE, for a whole-body ex po sure
that an in di vid ual pres ent in a par tic u lar po si tion ab -
sorbs af ter a spec i fied time. Mea sure ments were taken
at 18 dif fer ent points of the plume, six for each dose
limit taken along the main axis. This pro ce dure en -
abled the re cord ing of an av er age dose value for each
dose limit. Sub se quently, this av er age was mul ti plied
by the pop u la tion size, which was es ti mated by mul ti -
ply ing plume area and lo cal pop u la tion density.

Those key pa ram e ters are then used, re spec tively,
as in put for the cal cu la tion of the po ten tially af fected
pop u la tion size and the det ri ment cost. The in put data
pro vided to HotSpot cal cu la tions were: source ma te rial:
137Cs;  Ma te rial-at-Risk  (MAR):  3.7×1014 Bq; re spi ra ble
frac tion: 0.200; re spi ra ble source term: 7.40×1013 Bq;
non-re spi ra ble source term: 2.96×1014 Bq; wind speed (h
= 10 m): 3.00 ms–1, for it rep re sents the wind speed oc -
cur ring in all Pasquill-Gifford at mo spheric sta bil ity
classes [10]; High Ex plo sive: 25.00 Pounds of TNT; Sta -
bil ity Class: A to F; Re cep tor Height: 1.5 m; Dis tance
Co or di nates: All dis tances are mea sured along the cen -
ter line of the plume.

The size of the po ten tially af fected pop u la tion is
es ti mated by mul ti ply ing the area of the con tam i na tion 
plume by the lo cal pop u la tion den sity of a large city
cen ter, typ i cally con sid ered as 10,000 in hab it ants per
km². Sim i larly, the det ri ment cost, due to the ex po sure
of in di vid u als of the pub lic to en vi ron men tal ra di a tion, 
is cal cu lated by mul ti ply ing the col lec tive dose by the
con ve nient mon e tary fac tor, here con sid ered as the US 
$ 10,000 [11]. The col lec tive dose is the sum of the in -
di vid ual doses ab sorbed dur ing a given pe riod by a
spec i fied pop u la tion. It is cal cu lated by mul ti ply ing
the mean value of the dose pro vided by Hotspot for
each lo ca tion in side the plumes. The col lec tive dose is
ex pressed in per son x sievert (man-Sv). Since the
1980, in quan ti ta tive op ti mi za tion eval u a tions, ex perts 
rec om mended for the value of the mon e tary co ef fi -
cient per unit of col lec tive dose not to be lower than the 
na tional cur rency equiv a lent to US$ 10,000 per unit of
col lec tive dose per in di vid ual [12-14].
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The con cept of det ri men tal cost, which de rives
from the col lec tive dose, is de fined as the cost of in jury 
ob tained per unit dose re ceived by each in di vid ual. Or
the to tal health dam age ex pe ri enced by a group ex -
posed to a ra di a tion source. It is a mul ti di men sional
con cept. The ICRP in its pub li ca tion No. 22 [9] sug -
gests that it would be use ful to ex press the col lec tive
dose as sess ment in mon e tary units. Thus, the ad van -
tage of re duc ing the col lec tive dose can be com pared
di rectly against the cost to pro duce such a re duc tion.

Ex am ples of val ues sug gested by the ICRP are:
de vel oped world: US$ 20,000, Ja pan: US$ 25,000, and
Brazil: US$ 10,000 [9]. The det ri ment cost Y was cal -
cu lated by the re la tion Y = aS, where S is the col lec tive
dose in men-sieverts, and a is the mon e tary fac tor ex -
pressed by (US$/(in di vid ual x sievert).

The sce nario was sim u lated con sid er ing two
pos si bil i ties:  GE, which con sid ers the use of con ven -
tional ex plo sives in the RDD, and GP, where the re -
lease is done with out the use of ex plo sive means. The
sim u lated data for both GE and GP, or ga nized and
shown in figs. 2 and 3, con vey both dependences on
time and the Pasquill-Gifford at mo spheric sta bil ity
classes. This led to the idea of choos ing key pa ram e -
ters that could be used to quan ti ta tively de scribe the
de vel op ment of the event sce nario as a func tion of
time for each Pasquill-Gifford class. Time (at 1, 6, 12,
24, and 48 hours in ter vals) and at mo spheric sta bil ity
classes (A to F) were con sid ered as vari ables.

To study the ef fects of the re lease mode (GE or
GP) on the de vel op ment of the sce nario, the ra tio (R =
=.GE/GP) was used for eval u a tion of plume ex pan sion,
po ten tially af fected pop u la tion, dose, and cost of det ri -
ment. All vari ables are lin early re lated to each other as
they re sult from the mul ti pli ca tion by a con stant.

The re lease type (ei ther GE or GP) can lead to
dif fer ent de mands in terms of the stra te gic sup port to
the emer gency re sponse. The R-fac tor can as sume the
set of val ues in the ranges: R > 1, R = 1, and R < 1. The
R < 1 range in di cates that the GP re lease (de nom i na -
tor) is more im por tant for the ob served at mo spheric
sta bil ity class. Us ing the same ra tio nale, R > 1 in di -
cates greater in flu ence for GE (nu mer a tor). For R = 1,
the re lease mode is in dif fer ent. There fore, the R-fac tor
can drive de ci sion-mak ers to wards a stra te gic ap -
proach.

Time vari a tions within the same at mo spheric
sta bil ity class can be ob served re gard ing the stan dard
de vi a tion (SD), which can be di rectly used to eval u ate
the im pact of the time on each Pasquill-Gifford class
back ground for a re lease. How ever, it is im por tant to
note that it is nec es sary to cal cu late SD only for the
plume area and the col lec tive dose vari ables. That is
due to the sig nif i cant cor re la tion be tween them, the
po ten tially af fected pop u la tion, and the cost of det ri -
ment. Fig ure 1 il lus trates the meth od ol ogy used in this
work.

RE SULTS

Fig ure 2 shows the cal cu lated val ues for sim u -
lated GE type of re lease: (a) area of the con tam i na tion
plume, (b) po ten tially af fected pop u la tion, (c) col lec -
tive dose of ra di a tion, and (d) cost of det ri ment. All are 
pro vided as a func tion of the Pasquill-Gifford at mo -
spheric sta bil ity classes and time.

Fig ure 3 shows the cal cu lated val ues for the sim -
u lated GP type of re lease: (a) plume area, (b) po ten -
tially af fected pop u la tion, (c) col lec tive dose of ra di a -
tion, and (d) cost of a det ri ment as a func tion of the
Pasquill-Gifford at mo spheric sta bil ity classes and
time.

Ta ble 1 shows the ra tio, R, be tween the val ues
for GE and GP (GE/GP) for (a) plume area and (b) col -
lec tive dose.

Fig ure 4 shows the SD for each Pasquill-Gifford
at mo spheric sta bil ity class as a func tion of time for the
plume area and col lec tive dose.

DIS CUS SION

The ef fects and pos si ble con se quences of the ra -
dio ac tive ma te rial re leased in the en vi ron ment are
func tions of time and Pasquill-Gifford at mo spheric
sta bil ity classes. It is im por tant to note that this pa per
does not con sider PG class' vari a tions through out the
event. A more re al is tic ap proach might also in clude
this evo lu tion mode for dis per sion of the con tam i nated 
plume in the en vi ron ment.

Data for the GE re lease type, fig. 2, in di cate that
there is a more pro nounced in crease in the size of the
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Fig ure 1. Sum mary of the
meth od ol ogy used in this work
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Fig ure 2. Cal cu lated val ues for sim u lated GE type of re lease as a func tion of the Pasquill-Gifford at mo spheric sta bil ity
classes and time: (a) plume area, (b) po ten tially af fected pop u la tion, (c) col lec tive dose of ra di a tion, and (d) cost of
det ri ment

Fig ure 3. Cal cu lated val ues for sim u lated GP type of re lease as a func tion of the Pasquill-Gifford at mo spheric sta bil ity classes
and time, (a) area of the plume, (b) po ten tially af fected pop u la tion, (c) col lec tive dose of ra di a tion, and (d) cost of det ri ment



con tam i na tion plume for at mo spheric sta bil ity classes E
and F, con sid er ing the same in ter val of time elapsed since 
the ex plo sion. Sim i lar be hav ior is shown in the sim u lated 
re sults for at mo spheric sta bil ity classes A, B, and C.

The size of the po ten tially af fected pop u la tion is a
re sult of the mul ti pli ca tion of the pro jected transversal
area of the ra di a tion plume by the lo cal pop u la tion den -
sity, which is con sid ered con stant in this pa per. Thus, that 
pa ram e ter de pends on the con tam i nated area, as well as

on the pre vail ing at mo spheric sta bil ity classes that could
un dergo changes as the plume ex pands. This fact im plies
the ex is tence of a di rect re la tion ship be tween lo cal at mo -
spheric con di tions and the num ber of peo ple po ten tially
af fected by the con tam i na tion.

The col lec tive dose pa ram e ter shows an in creas -
ing trend as the Pasquill-Gifford class ranges from A to 
F. The find ing is rel e vant for de ci sions con cern ing the
po ten tially af fected pop u la tion, such as the need for
shel ter ing and re lo ca tion, dur ing the first stages of the
re sponse. The pres ent re sults could help de ter mine
which at mo spheric sta bil ity class has the great est im -
pact on the col lec tive dose. The cost of det ri ment is ob -
tained from the col lec tive dose, hence changes in the
det ri ment cost can be cor re lated to changes in the col -
lec tive dose. Both as a func tion of the at mo spheric sta -
bil ity classes, but also as a func tion of time. Tak ing
into con sid er ation the vari a tion within a sin gle at mo -
spheric sta bil ity class. This in ter nal sta bil ity can be
mon i tored by the SD for each Pasquill-Gifford sta bil -
ity class, and each re lease mode (GE or GP).

For GP re lease type, (re sults shown in fig. 3)
there is sim i lar be hav ior of the cal cu lated val ues in re -
la tion to the at mo spheric sta bil ity classes. How ever,
there are also sig nif i cant vari a tions in the spread of the
sim u lated data for each class when ex am ined with ref -
er ence to time vari a tions. Con sid er ing that the plume
area and the col lec tive doses are to be used as in put
data for the cal cu la tion of the po ten tially af fected pop -
u la tion, and the cost of det ri ment. Ta ble 1 was pre -
pared for pro vid ing an im proved eval u a tion of the
phe nom e non, in clud ing the ra tio R be tween GE and
GP, pre sented in the meth od ol ogy.

Thus, an eval u a tion of the R val ues pre sented in
tab. 1 and SD of the val ues of dif fer ences con cern ing
time for plume ar eas and col lec tive doses pre sented in
fig. 4, sug gests that:
– For at mo spheric sta bil ity class A: the elapsed time 

of the 1h event pres ents the only point in which the 
type of re lease of ra dio ac tive ma te rial to the en vi -
ron ment is in dif fer ent (R = 1). Con sid er ing the
vari able plume area, for all times, ex cept 1 hour, R
> 1, sug gests that the GE re lease type has a pref er -
ence for dam age gen er a tion re gard less of the
Pasquill-Gifford at mo spheric sta bil ity class.
How ever, for the col lec tive dose vari able, the pre -
pon der ance of the GE re lease type ap pears only
af ter 6h of the event. Be fore that, GP re lease type
is de ter mi nant. This find ing sug gests that the re ac -
tion time for re sponse de pends on the re lease type.

– For at mo spheric sta bil ity classes B and C: the
plume area changes sig nif i cantly in 1 hour, pre -
sent ing a ten dency for dam age pref er ence for GP
re lease type (R < 1). For the re main ing times R > 1, 
in di cat ing that GE re lease type is pre ferred for
dam age gen er a tion. For the col lec tive dose vari -
able, the pre pon der ance of GP re lease type is for
all times (R < 1), this pref er ence be ing more ac -
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Ta ble 1. Dose ra tios, R for GE and GP (GE/GP)

At mo spheric
sta bil ity class

(Pasquill-Gifford)

Ra tio, R – GE/GP

Time [h] Area [km²] Col lec tive
dose [Sv]

A

1 1.000 0.434

6 1.600 0.952

12 1.814 1.077

24 1.912 1.495

48 1.867 1.385

B

1 0.931 0.445

6 1.452 0.938

12 1.632 0.901

24 1.667 0.982

48 1.643 1.164

C

1 0.816 0.426

6 1.262 0.765

12 1.467 0.754

24 1.600 0.903

48 1.600 1.078

D

1 0.615 0.486

6 0.786 0.624

12 0.867 0.691

24 0.944 0.867

48 1.048 1.046

E

1 0.314 0.275

6 0.417 0.398

12 0.500 0.518

24 0.579 0.764

48 0.659 1.191

F

1 0.316 0.188

6 0.379 0.225

12 0.458 0.344

24 0.557 0.563

48 0.688 1.099

Fig ure 4. The SD with re spect to time for
each Pasquill-Gifford at mo spheric sta bil ity class



cen tu ated for 1 hour. How ever, for class C in 48
hours, the GE re lease type is more im por tant.

– For at mo spheric sta bil ity class D: for both the
plume and the col lec tive dose vari able, there is a
dam age pref er ence for the GP re lease type (R < 1).
Ex cept for 48 hours, when both pres ent a GE re -
lease type equally pre pon der ant for dam age gen -
er a tion. This re sult sug gests that for at mo spheric
sta bil ity classes B and C, de ci sions in volv ing the
pa ram e ters: area of the plume and col lec tive dose,
have a time limit of 48 hours in cases when the
type of re lease is not known.

– For at mo spheric sta bil ity classes E and F and both
pa ram e ters: plume and col lec tive dose, there is a
pref er ence for dam age in the GP re lease type (R <
1). Ex cept for the col lec tive dose af ter 48 hours,
when it pres ents GE re lease type as pre pon der ant
for dam age.

An other set of pa ram e ters sup port ing the RDD
event sce nario eval u a tion is pre sented in fig. 4 and re -
fers to the SD of the GE/GP ra tio with re spect to time for 
each Pasquill-Gifford class. The quan tity SD al lows es -
ti mat ing with rea son able ac cu racy the con sis tency of
data re lated to the tem po ral vari a tions within the same
class of at mo spheric sta bil ity.

Con sid er ing the ex pand ing area of the con tam i -
na tion plume, as de picted in fig. 4, at mo spheric sta bil -
ity classes A, B, and C are as so ci ated with faster
changes. At mo spheric sta bil ity classes D, E, and F are
less sen si tive to time changes, may of fer tem po ral ad -
van tage and flex i bil ity for ac tions within the same sce -
nario. The change from one PG class to an other im -
pacts the num ber of po ten tially af fected in di vid u als,
which changes not only with time but also with the at -
mo spheric sta bil ity classes.

Con sid er ing how the col lec tive dose is dis trib -
uted, fig. 4 shows that at mo spheric sta bil ity classes A,
E, and F ex hibit greater changes as a func tion of time.
On the other hand, classes B, C, and D are less sen si -
tive. Un der the same con di tions, class D can be as so ci -
ated with the low est sen si tiv ity of sce nario con di tions
as a func tion of time, which fa cil i tates the es ti ma tion
of the det ri ment cost. Lower vari a tions within the
same at mo spheric sta bil ity class sug gest greater sta bil -
ity of the vari able and less tem po ral bond, usu ally
tend ing to make de ci sion re quire ments less strin gent.

CON CLU SION

A sim u la tion of event sce nar ios and eval u a tions
of the re spec tive re sults were per formed con sid er ing
two types of ra di a tion re lease (GE and GP). The re -
sults were mostly dis cussed in terms of two ma jor pa -
ram e ters: con tam i nated area, and col lec tive dose.
They also sug gest the pos si bil ity of sig nif i cant cor re -
la tions be tween at mo spheric sta bil ity classes in event
sce nar ios where they evolve over time, pro duc ing al -

ter na tions be tween them. It has been ver i fied that there 
are non-uni form tem po ral evo lu tions within the same
at mo spheric sta bil ity class, for the vari ables stud ied.
This lat ter find ing of fers the pos si bil ity of mod el ing
ad e quate re sponses based on tem po ral evo lu tions, as -
sum ing the Pasquill-Gifford at mo spheric sta bil ity
class re mains con stant. The find ings from this study
may be an im por tant piece of in for ma tion for de ter -
min ing an ef fec tive re sponse strat egy.
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mated dose, and cost of det ri ment in the sim u lated sce -
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MODELOVANO  OSLOBA\AWE  RADIOLO[KO  DISPERZIJSKOG  URE\AJA  I 
UTICAJ  NA  DONO[EWA  ODLUKA  U  URBANOM  OKRU@EWU

Ure|aj za radiolo{ku disperziju je oru`je koje kombinuje radioaktivni materijal sa
konvencionalnim eksplozivima za {irewe radioaktivnog materijala po naseqenom mestu. Rad je
usredsre|en na procenu kqu~nih parametara scenarija sa radiolo{ko disperzijskim ure|ajem.
Prora~uni su izvedeni kako bi obuhvatili dve razli~ite situacije: kori{}ewe eksploziva i
jednostavno mehani~ko osloba|awe. Simulacije su sprovedene uz upotrebu HotSpot Health Phys ics
kodova. Rezultati sugeri{u postojawe zna~ajnih korelacija izme|u klasa stabilnosti u sce-
narijima koji se razvijaju s vremenom, proizvode}i alternacije izme|u wih. Sve dok klasa sta-
bilnosti ostaje konstantna,  ovaj posledwi podatak nudi mogu}nost stvarawa odgovaraju}eg odziva
zasnovanog na vremenskim evolucijama. Stoga je svrha istra`ivawa da proceni veli~inu poten-
cijalno pogo|ene populacije, proceni apsorbovane doze i isplativost, kako bi se pomoglo ini-
cijalnim odzivima, pru`aju}i vremenski osetqive informacije o doga|aju. Metodologija spo-
sobna da pru`i korisne informacije omogu}ava efikasno dono{ewe brzih odluka i po~etnih
procena budu}ih rizika. Ovaj pristup tako|e mo`e pru`iti podloge za obuku osobqa odgovornog za
dono{ewe odluka u ranoj fazi odziva.

Kqu~ne re~i: atmosferska disperzija, zaga|ewe, zra~ewe, isplativost


