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A sen si tiv ity anal y sis of a point ker nel code was per formed to in ves ti gate the ef fect of mesh di -
vi sion of a vol ume source on the ra di a tion flux at points of in ter est. The QAD-CGGP, known
as a rep re sen ta tive point ker nel code, was em ployed for a se ries of cal cu la tions and these cal cu -
la tion re sults com pared with the ref er ence data ob tained from the MCNP5-1.60 code. The
spher i cal vol ume source widely used in ra di a tion shield ing was also con sid ered in this work
and the mesh di vi sion along the ra dius was per formed in two ways (reg u lar and ir reg u lar). In
ad di tion, an ap prox i mate equa tion was de fined to cor rect the sig nif i cant er ror that oc curs as
an out come of the point source as sump tion. As a re sult, in the case of a reg u lar mesh di vi sion,
a min i mum mesh size of 1 cm is re quired to pro duce ac cu rate re sults in com par i son to the
MCNP ones, while in the other in stance, a half-level mesh di vi sion is suf fi cient to ob tain the
same re sult from the stand point of the level of ac cu racy. In ad di tion, by in tro duc ing the ap -
prox i mate equa tion pre sented in this pa per, a sig nif i cant er ror re sult ing from the point source 
as sump tion is ex po nen tially re duced from a max i mum of ~30% to a max i mum of ~11%.
There fore, it is to be ex pected that the ap pro pri ate level of mesh di vi sion is re quired so as to in -
crease the ac cu racy of the cal cu la tion us ing a point ker nel method.
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IN TRO DUC TION

The eval u a tion of ra di a tion shield ing for the de -
sign and main te nance of fa cil i ties us ing ra dio ac tive
sources (ac cel er a tors, radionuclides, nu clear fuel) is
pre sented here. The re search re quired a con sid er able
amount of nu mer i cal cal cu la tions to an a lyze the ra di a -
tion flux and dose rate dis tri bu tion around the said fa -
cil i ties. For this rea son, var i ous com pu ta tional codes
and meth ods were in tro duced into the field of ra di a -
tion shield ing and the most widely used meth ods clas -
si fied into two main groups: Monte Carlo [1-3] and
point ker nel meth ods [4-6]. The Monte Carlo method
can pro vide an ac cu rate re sult for the ra di a tion trans -
port cal cu la tion in a com plex ge om e try. How ever, this
method re quires a lot of com put ing time and the com -
pu ta tional bur den sig nif i cantly in creases with geo met -
ric com plex ity, source di ver sity, and shield ing thick -
ness. On the other hand, the point ker nel method
re quires much less com put ing time than the other
method, al though it may lack the de sired ac cu racy un -
der com plex ge om e try and beam stream ing con di -
tions. Hence, the point ker nel method can be re garded

as an op ti mal tool for re peated cal cu la tions, al low ing
the op ti mi za tion of ra di a tion shielding.

Us ing a point ker nel method, some re search ers
have even tried to in crease the ac cu racy of the cal cu la -
tion. More spe cif i cally, they have fo cused on the re eval -
u a tion of ex ist ing buildup fac tors, be cause ex ist ing data
(ANS-6.4.3) [7] only in clude sin gle-ma te rial buildup
fac tors which were eval u ated about 20 years ago [8-10]. 
How ever, the level of mesh di vi sion can in flu ence the
com put ing time and cal cu la tion ac cu racy be cause most
codes, e. g., QAD-CGGP [11], MICROSHIELD [12],
and MARMER [13], based on a point ker nel method,
use the cen tral points of the di vided meshes to de fine the 
ra di a tion source. Us ing the QAD-CGGP code, a sim ple
cal cu la tion is con ducted to in ves ti gate the ef fect of the
level of mesh di vi sion on cal cu la tion time (see fig. 1). In 
par tic u lar, QAD-CGGP used in this work is a rep re sen -
ta tive three-di men sional point ker nel code which uses a
dou ble-pre ci sion com bi na torial ge om e try scheme and a 
more ac cu rate geo met ric pro gres sion fit ting func tion
for the gamma-ray buildup fac tor. In ad di tion, the ra di a -
tion source as sumes a spher i cal vol ume source with a
10 cm ra dius. As shown in the fig ure, the cal cu lat ing
time is con tin u ally in creased with an in crease in the
mesh di vi sion for the ra dius of the sphere, as well as the
num ber of cal cu la tion po si tions. That is, it is nec es sary
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to de ter mine the ap pro pri ate level of mesh di vi sion to
per form an ef fi cient cal cu la tion with re spect to the cal -
cu la tion time. 

In this study, the re la tion be tween the mesh di vi -
sion of the vol ume source and ra di a tion flux dis tri bu -
tion is an a lyzed to de ter mine the ap pro pri ate level of
mesh di vi sion. A se ries of cal cu la tions are con ducted
on a spher i cal vol ume source widely used in ra di a tion
shield ing. In ad di tion, an ap prox i mate equa tion is de -
fined to de rive the cal cu la tion re sults (ra di a tion flux
and dose rate) with a spher i cal vol ume source from  re -
sults ob tained with a point source.

ANAL Y SIS OF RA DI A TION
FLUX DIS TRI BU TION

The point ker nel method is a typ i cal mac ro -
scopic ap proach used for the cal cu la tion of ra di a tion
(es pe cially, gamma ray) flux and dose rate dis tri bu -
tions. In this method, the vol ume of the ra di a tion
source is di vided into el e men tary cells, and each cell
(point ker nel) con trib utes to the ra di a tion flux and
dose rate at the points of in ter est. The ra di a tion flux
and dose rate at spe cific points are pri mar ily de ter -
mined by us ing the uncollided ra di a tions that have
streamed di rectly from the source with out in ter ac tion
in the sur round ing me dium. The ef fect of ra di a tion in -
ter ac tions (e. g., Compton scat ter ing, pho to elec tric ef -
fect, pair pro duc tion, Ray leigh scat ter ing, etc.) with
the me dium is con sid ered us ing the lin ear at ten u a tion
and buildup fac tors later. The ba sic the ory of the point
ker nel method can be de fined as fol lows [14]

D r E
S r E

r
B r E DCF Er( , )

( , )
( , ) ( )= -

4 2p
e m (1)

where r is the dis tance from the ra di a tion source to the
de tec tion point, E – the at ten u a tion co ef fi cient, S(r, E)
– the in ci dent ra di a tion en ergy, S(r, E) – the source
strength, B (r, E) – the buildup fac tor, and DCF (E) –
the ra di a tion flux to dose con ver sion fac tor.

The spher i cal vol ume source is im por tant for two
rea sons: (1) it is ef fec tive in mak ing rough cal cu la tions
and, (2) it is rep re sen ta tive of many prac ti cal sources.
Hence, the cal cu la tions in this study are based on a
spher i cal vol ume source (60Co), which is ex e cuted us -
ing a QAD-CGGP code. The source emis sion is as -
sumed to have a uni form strength of Sv (4 189 Bq), and
the en er gies of the two gamma-rays are 1.1732 MeV
and 1.3324 MeV, re spec tively (see fig. 2). The vol ume
of the ra di a tion source is di vided into 5 to 100 meshes
along the ra dius (R), while be ing di vided into 100
meshes along the po lar (q) and az i muthal (j) an gles, re -
spec tively. In par tic u lar, the mesh di vi sion along the ra -
dius is per formed in two ways (reg u lar and ir reg u lar
types), as shown in fig. 3.

In the case of a reg u lar di vi sion, the meshes are
evenly spaced along the ra dius and the size of each
mesh equals the ra dius of the spher i cal vol ume source
di vided by the num ber of meshes (N). In the other case, 
the meshes are mainly dis trib uted at the edge of the
spher i cal vol ume source, while the edge of each mesh
is de fined as (2N–1)R/2N. Fig ure 4 shows the ra tio of
the ef fec tive ra dius de ter mined from the mesh di vi sion 
to the real ra dius of the spher i cal vol ume source. As
shown in the fig ure, if the level of mesh di vi sion is in -
suf fi cient, the vol ume of the ra di a tion source can be
de creased to ~40% of its orig i nal vol ume, due to the
25% re duc tion of the sphere ra dius. An ir reg u lar mesh
di vi sion is a more ef fec tive way for de fin ing the ra di a -
tion source in a point ker nel method.
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Fig ure 1. Run time as a func tion of the mesh di vi sion and
cal cu la tion quan tity

Fig ure 2. Cal cu la tion model for an a lyz ing the re la tion
be tween the mesh di vi sion of vol ume source and
ra di a tion flux dis tri bu tion

Fig ure 3. Method of mesh di vi sion for vol ume source



The gamma ray flux dis tri bu tion around the
spher i cal vol ume source is an a lyzed us ing the
MCNP5-1.60 [15] and QAD-CGGP codes and the re -
sults pre sented in tab. 1. As shown in the ta ble, the
gamma ray flux ex po nen tially de creases with an in -
crease in the dis tance from the ra di a tion source to the
de tec tion point, re gard less of the cal cu la tion code and
the level of mesh di vi sion. In the case of a reg u lar mesh
di vi sion, the ra di a tion flux be comes more un der es ti -
mated in com par i son to the ref er ence data (MCNP5), as
the num ber of the di vid ing vol ume source is smaller.
How ever, in the sec ond case there are no sig nif i cant
changes in the ra di a tion flux, de spite the vari a tion in
mesh di vi sion. Fig ure 5 shows the gamma ray flux nor -
mal ized by ref er ence data, in or der to eas ily un der stand
the cal cu la tion re sults. As shown in the fig ure, the
gamma ray flux around the ra di a tion source (r < 15 cm)
has a large un cer tainty, re gard less of the mesh di vi sion
method. How ever, un der the same con di tion, an ir reg u -

lar mesh di vi sion can pro duce a slightly more ac cu rate
re sult than the other one. From these re sults, it is ex -
pected that a suf fi cient mesh di vi sion (reg u lar type: ~1
cm mesh size and ir reg u lar type: ~2 cm mesh size) is re -
quired for point ker nel cal cu la tion with the spher i cal
vol ume source.

AP PROX I MATE EQUA TION TO COR RECT
POINT SOURCE AS SUMP TION

When a spe cific source as a spher i cal vol ume
that emits the ra di a tions to be isotropically moved over 
the 4p solid an gle is placed in a sim ple struc ture, the
eval u a tion of ra di a tion shield ing can be eas ily con -
ducted by in tro duc ing cer tain as sump tions. In par tic u -
lar, if the size of the source vol ume is small in com par i -
son with the dis tance from the ra di a tion source to the
de tec tion point, the source can be as sumed an equiv a -
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Fig ure 4. Ra tio of the ef fec tive ra dius to the real ra dius
of a spher i cal vol ume source

Ta ble 1. Change of gamma flux [cm–2s–1] fol low ing the level and way of di vid ing vol ume source

QAD-CGGP

r*[cm]
Reg u lar mesh di vi sion Ir reg u lar mesh di vi sion

MCNP5
5 meshes 10 meshes 20 meshes 5 meshes 10 meshes 20 meshes

10 9.290E+00 9.606E+00 9.717E+00 9.615E+00 9.620E+00 9.619E+00 9.621E+00

11 6.962E+00 7.046E+00 7.070E+00 7.018E+00 7.024E+00 7.023E+00 7.826E+00

12 5.542E+00 5.581E+00 5.591E+00 5.560E+00 5.562E+00 5.561E+00 6.272E+00

13 4.559E+00 4.581E+00 4.586E+00 4.565E+00 4.566E+00 4.566E+00 4.972E+00

14 3.834E+00 3.848E+00 3.851E+00 3.836E+00 3.837E+00 3.836E+00 3.967E+00

15 3.278E+00 3.287E+00 3.290E+00 3.279E+00 3.279E+00 3.279E+00 3.288E+00

16 2.840E+00 2.847E+00 2.848E+00 2.840E+00 2.840E+00 2.840E+00 2.847E+00

17 2.487E+00 2.492E+00 2.493E+00 2.487E+00 2.487E+00 2.487E+00 2.493E+00

18 2.198E+00 2.202E+00 2.203E+00 2.198E+00 2.198E+00 2.198E+00 2.204E+00

19 1.958E+00 1.961E+00 1.961E+00 1.958E+00 1.958E+00 1.958E+00 1.963E+00

20 1.756E+00 1.758E+00 1.759E+00 1.756E+00 1.756E+00 1.756E+00 1.760E+00

30 7.569E-01 7.573E-01 7.573E-01 7.568E-01 7.568E-01 7.568E-01 7.586E-01

40 4.215E-01 4.216E-01 4.216E-01 4.214E-01 4.214E-01 4.214E-01 4.223E-01

50 2.685E-01 2.685E-01 2.685E-01 2.685E-01 2.685E-01 2.685E-01 2.691E-01

60 1.860E-01 1.860E-01 1.860E-01 1.860E-01 1.860E-01 1.860E-01 1.866E-01

*r is the dis tance from the cen ter of a ra di a tion source to the de tec tion point

Fig ure 5. Gamma ray flux nor mal ized by MCNP5
re sults (OAD-CGGP/MCNP5)



lent point source. That is, this as sump tion ig nor ing the
source vol ume can lead to a sig nif i cant er ror for the ra -
di a tion flux (dose) dis tri bu tion near the ra di a tion
source. In this study, an ap prox i mate equa tion is de -
fined to cor rect sig nif i cant er rors pro duced by em -
ploy ing a point source as sump tion, and a spher i cal
vol ume source with out the ra di a tion shield is as sumed, 
as shown in fig. 6. 

A spher i cal vol ume source of ra dius R emits
isotropically Sv par ti cles per unit vol ume, a de tec tor is
po si tioned at point P1, and the dis tance from the sphere 
cen ter to the de tec tion point is L. In this case, the dif -
fer en tial uncollided flux (dfu

sph ) of par ti cles emit ted in
dx about x can be de fined us ing the to tal uncollided
flux for the fi nite disc source [16]

d
dvf qu

sph S x
=

2
ln(sec ) (2)

and thus the to tal uncollided flux (fu
sph ) at P1 becomes

f qu
sph

-R

RS
x

S R L Lx

L x

= =

=
+ -

-

æ

è

ç
ç

ö

ø

÷
÷

ò
v

v

d
2

2

22 2

ln(sec )

ln
-
ò =

=

- + - -

- + - ×

R

R

x

S

L

L R L L x

L R Lx

d

v

8

2 2

2

2 2

2 2

( ){ln ln[ ( )]}

( )

×
+ -

-

æ

è

ç
ç

ö

ø

÷
÷

+
é

ë

ê
ê

ù

û

ú
ú

é

ë

ê
ê
ê
ê
ê
ê
ê

ù

û

ú
ú
ú
ú
ú

2
2

1
2 2

ln
L R Lx

L x
ú
ú

=

= -
-

+

æ

è
ç

ö

ø
÷ +

é

ë
ê

ù

û
ú

-R

R

S

L
L R

L R

L R
LRv

4
22 2( ) ln (3)

Also, the to tal uncollided flux (fu
pnt ) of the

equiv a lent point source con sid er ing the sphere vol ume 
can be sim ply de fined as
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and an ap prox i mate equa tion to cor rect the point
source as sump tion is fi nally de rived from those equa -
tions
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In ad di tion, the re ac tions be tween the emit ted ra -
di a tions and the sphere source (i. e., self-shield ing ef -
fect) are not con sid ered to de rive a sim pli fied equa -
tion. 

The gamma ray flux un der the same con di tions
as shown in fig. 2 is re-an a lyzed to con firm the ef fect
of cor rect ing the point source as sump tion and the re -
sults are pre sented in tab. 2. As shown in the ta ble, the
re sults ap plied with the point source as sump tion have
a max i mum dif fer ence of ~30% in a ra di a tion flux near 
the source, com pared with the MCNP5 re sult. On the
other hand, this dif fer ence is sharply re duced from
~30% up to ~11% by cor rect ing the point source as -
sump tion (fig. 7).

CONCLUSION

Us ing the point ker nel method, an anal y sis of the 
re la tion be tween the mesh di vi sion of the vol ume
source and ra di a tion flux dis tri bu tion was con ducted
to in crease the ac cu racy of the cal cu la tion. In this pro -
cess, the spher i cal vol ume source widely used in ra di a -
tion shield ing is con sid ered to de ter mine the ap pro pri -
ate level of mesh di vi sion, while the mesh di vi sion is
per formed in two ways: reg u lar and ir reg u lar. As a re -
sult, in a reg u lar mesh di vi sion, at least a 1cm mesh
size along the ra dius is re quired to ob tain ac cu rate re -
sults, com pared with the MCNP5 data, while a
half-level of the mesh di vi sion in an ir reg u lar mesh di -
vi sion is suf fi cient to ob tain the same re sult re gard ing
the level of ac cu racy. In ad di tion, an ap prox i mate
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Fig ure 6. Spher i cal vol ume source with out
ra di a tion shield ing

Fig ure 7. Cor rec tion be fore and af ter gamma ray flux
nor mal ized by MCNP5 re sults (QAD-CGGP/MCNP5)



equa tion is de fined to cor rect sig nif i cant er rors that oc -
cur from in tro duc ing a point source as sump tion. By
ap ply ing this equa tion, the dif fer ence in the cal cu la -
tion re sults de rived from MCNP5 and QAD-CGGP
codes is sharply re duced from a max i mum of ~30% up
to a max i mum of ~11%. There fore, it is to be ex pected
that an ap pro pri ate level of mesh di vi sion is re quired to 
in crease the ac cu racy of the cal cu la tion when us ing a
point ker nel method. The ap prox i mate equa tion for
cor rect ing the point source as sump tion can, there fore,
be suc cess fully ap plied in var i ous eval u a tions for ra di -
a tion shield ing.
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Ta ble 2. Point source as sump tion cor rec tion be fore and af ter gamma flux [cm–2s–1]

r* [cm]
QAD-CGGP

MCNP5
Be fore cor rec tion Cor rec tion fac tor Af ter cor rec tion

11 5.509E+00 1.288E+00 7.092E+00 7.826E+00

12 4.629E+00 1.210E+00 5.603E+00 6.272E+00

13 3.944E+00 1.165E+00 4.593E+00 4.972E+00

14 3.400E+00 1.134E+00 3.856E+00 3.967E+00

15 2.962E+00 1.112E+00 3.293E+00 3.288E+00

16 2.603E+00 1.095E+00 2.851E+00 2.847E+00

17 2.306E+00 1.082E+00 2.495E+00 2.493E+00

18 2.057E+00 1.072E+00 2.204E+00 2.204E+00

19 1.846E+00 1.063E+00 1.963E+00 1.963E+00

20 1.666E+00 1.056E+00 1.760E+00 1.760E+00

30 7.403E-01 1.023E+00 7.576E-01 7.586E-01

40 4.163E-01 1.013E+00 4.217E-01 4.223E-01

50 2.664E-01 1.008E+00 2.686E-01 2.691E-01

60 1.850E-01 1.006E+00 1.860E-01 1.866E-01

*r is the dis tance from the cen ter of a ra di a tion source to the de tec tion point
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Kjung-O KIM, ^ul-\o SEO, Bjung ^ul LI

UTICAJ  BROJA  TA^AKA  MRE@E  U  ZAPREMINSKOM  IZVORU
NA  IZRA^UNATU  RASPODELU  FLUKSA  ZRA^EWA

Izvr{ena je analiza osetqivosti koda sa modelom ta~kastog jezgra radi procene uticaja
gustine mre`e zapreminskog izvora na fluks zra~ewa u ta~kama od interesa. Za seriju prora~una
upotrebqen je QAD-CGGP kod, poznat kao reprezentativan kod sa ta~kastim jezgrom, i rezultati
prora~una upore|eni su sa referentnim podacima dobijenim MCNP5-1.60 kodom. U radu je tako|e
kori{}en sverni zapreminski izvor uobi~ajen u za{titi od zra~ewa, sa pravilnom i nepravilnom
deobnom mre`om du` polupre~nika. Dodatno, definisana je jedna aproksimativna jedna~ina da se
ispravi zna~ajna gre{ka koja se javqa kao posledica pretpostavke o ta~kastom izvoru. U pogledu
nivoa ta~nosti, u slu~aju pravilne mre`e, zahteva se minimalno rastojawe mre`nih ta~aka od 1 cm
da bi se postigli uporedivi rezultati sa MCNP kodom, dok je u drugom slu~aju dovoqna polovina
prethodnog broja deobnih ta~aka da se dobiju rezultati istog nivoa ta~nosti. Primenom
aproksimativne jedna~ine prikazane u ovom radu, dodatno je eksponencijalno umawena maksimalna
gre{ka koja sledi iz pretpostavke ta~kastog izvora ‡ od ~30% do ~11%. Otuda se mo`e smatrati da
je potreban odgovaraju}i broj ta~aka mre`e da se postigne ta~nost prora~una kori{}ewem metode
ta~kastog jezgra.

Kqu~ne re~i: sverni zapreminski izvor, metoda ta~kastog jezgra, QAD-CGGP, fluks zra~ewa,
...........,..............za{tita od zra~ewa 


