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A novel po lar an gu lar quad ra ture set called the Kim-Jevremovic po lar an gu lar quad ra ture set
is de rived for the method of char ac ter is tics. It is based on neu tron anisotropic scat ter ing
cross-sec tions in the Eval u ated Nu clear Data File. This new set is im ple mented within the
state-of-the-art neu tron trans port code AGENT and tested in com par i son to MCNP6 as well
as to other known quad ra ture sets for the UO2 unit cells, the well-known C5G7 bench mark,
un re flect ed cyl in ders of ura nyl-flu o ride so lu tions in heavy wa ter, and the Uni ver sity of Utah
100 kWth TRIGA MARK-I re ac tor core. These com par i sons show that the newly pro posed
po lar an gu lar quad ra ture set pro vides better agree ments than other quad ra ture sets for the
lower or der of anisotropic scat ter ing ex pan sions. This pa per pres ents a com plete der i va tion of 
the Kim-Jevremovic po lar an gu lar quad ra ture set and the anal y sis for the men tioned bench -
mark ex am ples.
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IN TRO DUC TION

The method of char ac ter is tics (MOC) is con sid -
ered to be cur rently one of the most ac cu rate 3-D de ter -
min is tic so lu tions to the neu tron trans port equa tion [1].
With the MOC, the het er o ge neous ge om e tries can be
de scribed with out ap prox i ma tions re ly ing on a ro bust
ray trac ing mim ick ing neu tron mo tion along the 3-D
tra jec to ries. The MOC there fore re quires weighted az i -
muthal and po lar an gles to de scribe neu tron mo tion in
3-D. The az i muthal an gles are usu ally uni formly dis -
trib uted in space while the po lar an gu lar quad ra ture set
con sists of the se lected po lar an gles and their as so ci ated 
weights for op ti miz ing the cal cu la tion time. The com -
mon quad ra ture sets are Gauss-Legendre (GL) [2],
CAC TUS [3], Leon ard and McDaniel (LM) [4], and the 
re cently de vel oped Tabuchi-Yamamoto (TY) [5] dem -
on strat ing a cer tain level of ac cu racy for var i ous types
of re ac tor core com plex i ties [4, 6, 7]. One method of
mod el ing the neu tron anisotropic scat ter ing as ex plic -
itly as do able within the MOC is based on the ex pan sion 
of the scat ter ing source term us ing the Legendre poly -
no mi als. The greater ac cu racy achieved with the
Legendre poly no mi als re quires greater com pu ta tional

times be cause the higher (and more ac cu rate) or ders of
the Legendre poly no mial ex pan sion must be added in
the scat ter ing source term to ac count for the ani so tropy
of neu tron scat ter ing. Some of the most used MOC
codes that in clude anisotropic scat ter ing ap prox i ma tion 
based on Legendre poly no mi als are DRAGON [8],
NELAT [9] and AGENT [10, 11]. These codes in clude
one or more of the po lar an gle quad ra ture sets as GL,
CAC TUS, and LM.

The Kim-Jevremovic (K-J) po lar an gle quad ra -
ture set is de vel oped to ac count for neu tron anisotropic 
scat ter ing and pro vides re quired ac cu racy for the
lower or ders of the Legendre poly no mial ex pan sion,
thus re duc ing com pu ta tional time. It is used within the
AGENT code in syn er gism with other po lar an gle
quad ra ture sets. Namely, the K-J set is de vel oped for
cool ant re gions con tain ing hy dro gen or deu te rium us -
ing the ENDF-VII li brary data [12] for dif fer en tial
elas tic scat ter ing of a neu tron of var i ous en er gies;
while, in the fuel re gion cur rently any other po lar an -
gu lar quad ra ture set can be used. The K-J po lar an gu -
lar quad ra ture set de rived for light and heavy wa ter
uses the same po lar an gles as the LM scheme. The
same der i va tion is also pro vided for the K-J po lar an -
gu lar quad ra ture set with the TY scheme for the light
wa ter mod er a tor.
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DER I VA TION OF THE K-J PO LAR
AN GLE QUAD RA TURE SET

The K-J po lar an gle quad ra ture set for
the light wa ter cool ant

The K-J po lar an gu lar quad ra ture set is a weight -
ing scheme that can be ap plied to other po lar an gu lar
quad ra ture sets. The K-J weight ing func tion is de rived
from dif fer en tial cross-sec tions for elas tic scat ter ing
of neu trons with hy dro gen (1H) for var i ous in ci dent
neu tron en er gies; der i va tion is based on the
ENDF-VII li brary with the Legendre func tion of the
first kind [13]. The 1H is the most dom i nant nu cleus in
the cool ant of Light Wa ter Re ac tors (LWR). More -
over, neu tron elas tic scat ter ing in ter ac tions are the
most dom i nant in ter ac tions with 1H, as shown in fig. 1.

Fig ure 2 shows dif fer en tial cross-sec tions for
elas tic neu tron scat ter ing, dsi/dWi, with 1H for var i ous
neu tron en er gies cre ated us ing the Legendre ex pan -

sion co ef fi cient pro vided in the ENDF-VII li brary.
The Legendre poly no mial co ef fi cients can ap prox i -
mate a func tion with the orthogonality be tween [–1,
+1]. The se ries can be ex pressed as fol lows [14] 
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where f (m, E, E') prob a bil ity dis tri bu tion as a func tion
of in ci dent neu tron en ergy E, en ergy E' of the emit ted
neu tron, and the co sine of the an gle in which the neu -
tron is emit ted m, NA is the max i mum or der of the
Legendre poly no mial ex pan sion, al - the Legendre
ex pan sion co ef fi cient that is tab u lated as a func tion of
in ci dent neu tron en ergy, and l – the Legendre ex pan -
sion co ef fi cients.

Legendre func tions of the first kind, also called
the Legendre poly no mial, Pn or der, or zonal har mon -
ics, are a so lu tion to the Legendre dif fer en tial eq. (2)
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The first few Legendre func tions of the first kind 
are
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Fig ure 3 shows the first few Legendre func tions
of the first kind from P0 to P5. The dif fer en tial
cross-sec tions for elas tic neu tron scat ter ing (e. g. fig.
2) can be de rived from the ENDF-VII li brary based on
the Legendre func tion of the first kind [13]. In the K-J
po lar an gu lar quad ra ture set, the weight ing fac tor for a
given po lar an gle is de fined as the ra tio be tween the
cho sen dif fer en tial cross-sec tion and the sum of all dif -
fer en tial cross-sec tions of a given en ergy, cal cu lated
as fol lows
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Fig ure 1. To tal and elas tic neu tron scat ter ing
cross-sec tions for hy dro gen (1H) [12]

Fig ure 2. Dif fer en tial cross-sec tion for neu tron elas tic
scat ter ing on 1H in units of barn per steradian for var i ous 
neu tron en er gies [12] Fig ure 3. Legendre func tions of the first kind



The K-J quad ra ture set can also be de scribed as a
fit ting func tion of the weight of the po lar an gles and
in ci dent neu tron en ergy, as shown for N = 2 po lar an -
gles (this is also shown in fig. 4)
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where w is the weight of the po lar an gle and  E – the in -
ci dent neu tron en ergy [MeV]

In the K-J po lar an gu lar quad ra ture set, se lected
an gles are weighted by the rel a tive dif fer en tial elas tic
scat ter ing cross-sec tion for 1H, as shown in fig. 2. The 
K-J po lar an gu lar quad ra ture set should only be uti -
lized in the re gions where elas tic scat ter ing with 1H is
the most dom i nant in ter ac tion, such as the light wa ter
mod er a tor. There fore, the K-J po lar an gu lar quad ra -
ture set for dif fer en tial elas tic scat ter ing with hy dro -
gen can not be ap plied to other mod er a tors such as
graph ite or heavy wa ter. 

The K-J po lar an gle quad ra ture set
for the heavy wa ter cool ant

Much like the K-J po lar an gu lar quad ra ture set
de rived for 1H, the K-J weight ing func tion for deu te -

rium (2H) is de rived us ing the dif fer en tial cross-sec -
tions for the elas tic scat ter ing of neu trons with 2H at
var i ous in ci dent neu tron en er gies. This der i va tion is
also based on the ENDF-VII li brary with the Legendre
func tion of the first kind [13]. Neu tron elas tic scat ter -
ing in ter ac tions with 2H are the dom i nant one as shown 
in fig. 5.

The dif fer en tial cross-sec tions for elas tic neu tron
scat ter ing (dsi/dWi) with 2H cal cu lated us ing the
Legendre ex pan sion co ef fi cient for var i ous neu tron en -
er gies, as pro vided by the ENDF-VII li brary, is shown
in fig. 6. The dif fer en tial cross-sec tion for neu tron elas -
tic scat ter ing on a 2H is more iso tro pic at low in ci dent
neu tron en er gies than for 1H. Elas tic scat ter ing on 1H al -
ways dem on strates for ward-bias anisotropic scat ter ing
due to the equiv a lent mass be tween a 1H and a neu tron,
mak ing it less iso tro pic than the scat ter ing on a 2H. The
dif fer en tial cross-sec tion for neu tron elas tic scat ter ing
at high in ci dent neu tron en er gies, how ever, shows
anisotropic scat ter ing for both 1H and 2H.
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Fig ure 4. The K-J po lar an gle quad ra ture weight ing
value per neu tron en ergy of 1H for two po lar an gles with
(a) sin(q) = 0.27365, (b) sin(q) = 0.86571

Fig ure 5. To tal and elas tic neu tron scat ter ing
cross-sec tions for 2H based on the ENDDB-VII li brary
[12]

Fig ure 6. Dif fer en tial cross-sec tion for neu tron elas tic
scat ter ing on 2H in units of barn per steradian for var i ous 
neu tron en er gies [12]



An gles used in the K-J po lar an gu lar quad ra ture
set are weighted by the rel a tive dif fer en tial elas tic
scat ter ing cross-sec tions for 2H, as shown in fig. 7.
Com pared to the K-J po lar an gle quad ra ture weight ing 
value per neu tron en ergy of 1H (0.75~0.76), the K-J
po lar an gle quad ra ture set of 2H shows greater fluc tu a -
tion (0.48~0.85) with in ci dent neu tron en ergy. This
dif fer ence is ob served be cause the dif fer en tial
cross-sec tion for neu tron elas tic scat ter ing on 1H al -
ways shows for ward-bias anisotropic scat ter ing, due
to the equiv a lent mass be tween a 1H and a neu tron,
even at low in ci dent en er gies.

The K-J po lar an gle quad ra ture set for
the light wa ter cool ant with ty po lar an gles

The K-J po lar an gu lar quad ra ture set for the light 
wa ter cool ant with TY po lar an gles are based on the
dif fer en tial cross-sec tions for elas tic neu tron scat ter -
ing (e. g. fig. 2) de rived from the ENDF-VII li brary
based on the Legendre func tion of the first kind [13].
In the K-J po lar an gu lar quad ra ture set, the weight ing
fac tor for a given po lar an gle from the TY po lar an gle
quad ra ture set is de fined as the ra tio be tween the cho -
sen dif fer en tial cross-sec tion and the sum of all dif fer -
en tial cross-sec tions of a given en ergy, eq. (4).  The 

K-J  quad ra ture  set  can  also  be  de scribed  for N = 2
from the TY po lar an gles in fig. 8. 

Com par i sons of the po lar an gles quad ra ture
sets an gles and their re spec tive weights

Ta ble 1 shows po lar an gles and their as so ci ated
weights for six dif fer ent po lar an gle quad ra ture sets:
GL, CAC TUS, LM, TY, K-J for 1H with LM an gles,
K-J for 1H with TY an gles, and K-J for 2H with LM an -
gles. The o ret i cally, it is pos si ble to use any set of po lar
an gles and weights, given that the sum of their weights
equals one. Fig ure 9 shows how K-J for 1H, 2H with LM 
an gles and K-J for 1H with TY an gles com pares to LM,
TY, GL, and CA po lar an gu lar quad ra ture sets for two
po lar an gles-val ues and their as so ci ated weights. Ad di -
tion ally, un like the GL and CAC TUS po lar an gle quad -
ra ture sets, the K-J po lar an gu lar quad ra ture set gives
greater weight to larger po lar an gles than to smaller po -
lar an gles. This is achieved by weight ing po lar an gles
by their rel a tive dif fer en tial cross-sec tions for elas tic
scat ter ing (il lus trated in fig. 9). Com pared to the LM
po lar an gu lar quad ra ture set, the K-J po lar an gu lar
quad ra ture set with both 1H and 2H uses the same po lar
an gles while ap ply ing less weight to larger po lar an gles
and greater weight to smaller po lar an gles.
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Fig ure 7. The K-J po lar an gle quad ra ture weight ing
value per neu tron en ergy of 2H for two po lar an gles with
(a) sin(q) = 0.86571 and (b) sin(q) = 0.27365

Fig ure 8. The K-J po lar an gle quad ra ture weight ing
value per neu tron en ergy of 1H for TY po lar an gles with
(a) sin(q) = 0.8999 and (b) sin(q) = 0.3639



VER I FI CA TION OF THE K-J PO LAR
AN GU LAR QUAD RA TURE SET

The K-J po lar an gu lar quad ra ture set is com pared
to two other po lar an gu lar quad ra ture sets avail able in
AGENT (LM and TY) for the four dif fer ent bench mark
ex am ples: square unit cell, 2-D C5G7 bench mark, un re -
flect ed cyl in ders of ura nyl-flu o ride so lu tions in heavy
wa ter, and 3-D Uni ver sity of Utah TRIGA MARK-I re -
ac tor (3-D UUTR bench mark). The AGENT based anal -
y sis for each bench mark ex am ple is based on the TY and
LM po lar an gu lar quad ra ture set for all ma te rial re gions
ex cept the K-J po lar an gu lar quad ra ture which is used in
the mod er a tor re gion.

The 2-D square unit cell

The 2-D square unit cell is based on the Ve nus-2
unit cell bench mark [15]; data are pro vided in tab. 2

and the unit cell ge om e try is shown in fig. 10. The
AGENT model in cludes LM, TY, and K-J po lar an gu -
lar quad ra ture sets with two po lar an gles and 44 en ergy 
group cross-sec tions de rived from SCALE 6.2.1. The
num ber of az i muthal an gles, ray sep a ra tion, sub-mesh
op tion, and the num ber of bound ary edges are shown
in tab. 3, from where also it can be seen that the K-J po -
lar an gu lar quad ra ture set has the best agree ment with
the MCNP6. With the Pn or der in creased, the per cent
dif fer ence com pared to MCNP6 re duces. Com pu ta -
tion times among the four po lar an gu lar quad ra ture
sets (K-J, LM, and TY) are com pa ra ble, with no po lar
an gu lar quad ra ture set dem on strat ing su pe rior com pu -
ta tional ef fi ciency. The dif fer ence be tween the
MCNP6 ref er ence and AGENT cal cu la tion for P2
with the K-J po lar an gu lar quad ra ture set (0.06 %) pro -
vides com pa ra ble agree ment than P4 with the LM
(0.04 %) and TY (0.05 %) po lar an gu lar quad ra ture
set. All dif fer ences be tween the MCNP6 ref er ence and 
AGENT cal cu la tions are be low 1 %. 
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Ta ble 1. Com par i son of GL, CAC TUS, LM, TY, K-J po lar an gu lar quad ra ture sets

Method Pa ram e ter
Num ber of po lar an gles

1 2 3

Gauss-Legendre
Sinq (a) 0.577350 0.339981, 0.861136 0.238619, 0.661209, 0.932469

w 1.0 0.652145, 0.347854 0.467913, 0.360761, 0.171324

CAC TUS
Sinq 0.618990 0.416984, 0.873287 0.291366, 0.698869, 0.941120

w 1.0 0.707106, 0.292893 0.500000, 0.366025, 0.133974

Leon ard and McDaniel
Sinq 0.752244 0.273658, 0.865714 0.103840, 0.430723, 0.905435

w 1.0 0.139473, 0.860527 0.020530, 0.219161, 0.760309

Tabuchi and Yamamoto
Sinq 0.798184 0.363900, 0.899900 0.166648, 0.537707, 0.932954

w 1.0 0.212854, 0.787146 0.046233, 0.283619, 0.670148

Kim and Jevremovic for 1H with
Leon ard and McDaniel an gles

Sinq 0.752244 0.273658, 0.865714 0.103840, 0.430723, 0.905435

w(b) 1.0 0.241178, 0.758813 0.136076, 0.280513, 0.583393

Kim and Jevremovic for 1H with
Tabuchi and Yamamoto an gles

Sinq 0.798184 0.363900, 0.899900 0.166648, 0.537707, 0.932954

w(b) 1.0 0.290278, 0.709722 0.124334, 0.322057, 0.553609

Kim and Jevremovic for 2H with
Leon ard and McDaniel an gles

Sinq 0.752244 0.273658, 0.865714 0.103840, 0.430723, 0.905435

w(b) 1.0 0.264997, 0.735002 0.168732, 0.226883, 0.604384

(a) an gle (q) is the po lar an gle mea sured from the z-axis, (b) en ergy-av er aged weight ing fac tor (w) for the K-J po lar an gu lar quad ra ture set

Fig ure 9. Com par i son of K-J, LM, TY, GL, and CA po lar an gles and their as so ci ated weights



Fig ures 11 and 12 com pare the P0 an gu lar neu -
tron flux dis tri bu tions be tween the K-J and LM po lar
an gu lar quad ra ture sets in se lected lo ca tions within the 
mod er a tor and fuel re gions for dif fer ent neu tron en -
ergy groups. There are four se lected lo ca tions in the
mod er a tor re gion and five se lected lo ca tions in the
fuel re gion. The fast neu tron en ergy group is rep re -
sented by the en ergy range 1.85 MeV < E < 2.354
MeV, and the ther mal neu tron en ergy group is rep re -
sented by the en ergy range 10–2 eV < E < 2.53×10–2 eV.

Fig ure 11 shows a com par i son of the P0 an gu lar
neu tron flux dis tri bu tions be tween the K-J and LM po -
lar an gu lar quad ra ture sets for the ther mal en ergy
group. The ther mal an gu lar neu tron flux dis tri bu tion
with the K-J po lar an gu lar quad ra ture set in both the
mod er a tor and fuel re gions match closely. The ther mal 

an gu lar neu tron flux with the K-J po lar an gu lar quad -
ra ture set is larger com pared to the LM po lar an gu lar
quad ra ture set. Fig ure 12 shows a com par i son of the
P0 an gu lar neu tron flux dis tri bu tions be tween the K-J
and LM po lar an gu lar quad ra ture sets for the fast en -
ergy group. The fast an gu lar neu tron flux dis tri bu tion
of the K-J po lar an gu lar quad ra ture set in both the
mod er a tor and fuel re gions also match closely. Dif fer -
ences in the mag ni tudes of the nor mal ized fast an gu lar
neu tron flux be tween the K-J and LM po lar an gu lar
quad ra ture sets are ap prox i mately 10–6, with the K-J
po lar an gu lar quad ra ture set again be ing smaller. The
larg est dif fer ences be tween the K-J and LM po lar an -
gu lar quad ra ture sets are ob served in the four lo ca tions 
within the mod er a tor re gion, as ex pected. Fur ther -
more, be cause the K-J and LM po lar an gu lar quad ra -
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Ta ble 2. Ma te rial com po si tions of the unit cell
shown in fig. 10

Unit cell re gion El e ment Num ber den sity [cm–3]

Fuel

234U 6.74213×1018

235U 7.65322×1020

236U 3.68820×1018

238U 2.20912×1022

O 4.57338×1022

10B 3.64042×1017

11B 1.46531×1016

Clad ding

Cr 7.69688×1019

Fe 1.43323×1020

Sn 4.75354×1020

O 3.00167×1020

Zr 4.30680×1022

Mod er a tor
H 6.68559×1022

O 3.34279×1022
Fig ure 10. Unit cell ge om e try [15]

Ta ble 3. AGENT kinf val ues for the 3.3 wt. % en riched UO2

Method P0 P1 P2 P3 P4 P5

AGENT with LM

kinf 1.378728 1.378727 1.385419 1.385418 1.386361 1.386495

CPU time [s] 49 67 72 78 84 101

Dif fer ence [%] 0.60 0.61 0.12 0.12 0.05 0.05

AGENT with TY

kinf 1.378505 1.378504 1.385251 1.385209 1.386152 1.386287

CPU time [s] 50 69 73 80 85 100

Dif fer ence [%] 0.62 0.62 0.13 0.14 0.07 0.06

AGENT for K-J with LM an gles in mod er a tor
re gion and LM in fuel/clad ding re gion

kinf 1.379407 1.379406 1.386005 1.386004 1.386942 1.387075

CPU time [s] 54 72 75 82 88 100

Dif fer ence [%] 0.56 0.56 0.08 0.08 0.01 0.00

AGENT for K-J with TY an gles in mod er a tor
re gion and TY in fuel/clad ding re gion

kinf 1.378862 1.378862 1.385517 1.385517 1.386458 1.386592

CPU time [s] 57 68 76 80 88 105

Dif fer ence [%] 0.60 0.60 0.12 0.12 0.05 0.04

MCNP6
kinf (ref er ence) 1.38712 ± 0.00002

CPU time [s] 3280

AGENT res o lu tion pa ram e ters: 48  az i muthal an gles, 2 po lar an gles,
0.004 cm ray sep a ra tion, 12 bound ary edges per side
AGENT con verg ing cri te ria: for flux 10–6, for eigenvalue 10–6

Bound ary con di tion: re flec tive bound ary con di tion
MCNP6 pa ram e ters: 100,000 par ti cles, 110 his to ries, ENF/B-VII.0
Dif fer ence (%) = ab so lute (100 × (kinf (MCNP6) – kinf (AGENT)) / (kinf (MCNP6)))
Com puter: Intel Xeon x5660 pro ces sor, 2.8 Ghz speed

AGENT sub-mesh ing of the unit cell:
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Fig ure 11. The P0 an gu lar neu tron flux dis tri bu tions of the K-J and LM po lar an gu lar quad ra ture sets in the 3.3 wt. % en -
riched UO2 unit cell for ther mal en ergy group (10–2 eV < E < 2.53×10–2 eV)

Fig ure 12. The P0 an gu lar neu tron flux dis tri bu tions of the K-J and LM po lar an gu lar quad ra ture sets in the 3.3 wt. % en -
riched UO2 unit cell for fast en ergy group (1.85 MeV < E < 2.354 MeV)



ture sets use the same po lar an gles, the ob served dif -
fer ences in the mod er a tor re gion are due to the
dif fer ent weightings for these po lar an gles.

The 2-D C5G7

The  2-D   C5G7  bench mark  ex am ple  [16]  is  a
2 ´ 2 MOX and UO2 fuel as sem bly core sur rounded
with the re flec tor re gion. The over all di men sions, as
shown in fig. 13(a), are 64.26 cm ́  64.26 cm. The vac -
uum bound ary con di tions are ap plied to the right side
and the bot tom of the core while the re flec tive bound -
ary con di tions are ap plied to the top and left side of the
core. Fig ure 13(b) shows di men sions of four fuel as -
sem blies that are each 21.42 cm ́  21.42 cm and con sist 
of 17 ´ 17 lat tices of square pin cells. The unit cell
pitch is 1.26 cm and con sists of a cyl in der of ra dius

0.54 cm rep re sent ing ho mog e nized fuel-clad mix tures 
or guide tubes and wa ter mod er a tor, as shown in fig.
13(c); the same wa ter com po si tion is used for the mod -
er a tor sur round ing the fuel as sem blies.

The AGENT cal cu la tions model of the 2-D
C5G7 bench mark com pares LM, TY, and K-J po lar
an gu lar quad ra ture sets with two po lar an gles and
seven en ergy group cross-sec tions [16]. The K-J po lar
an gu lar quad ra ture sets with LM an gles is are se lected. 
Ta ble 4 sum ma rizes the AGENT kinf val ues for P0 ~
P5 for all three po lar an gu lar quad ra ture sets, as well as 
the MCNP6 ref er ence val ues. It can be seen that the 
K-J po lar an gu lar quad ra ture set pro vides the best
agree ment com pared to MCNP6 for all Pn or ders (P0 ~
P5). Also, the K-J po lar an gu lar quad ra ture set with
higher Pn or der shows best agree ment with the
MCNP6. All dif fer ences be tween the MCNP6 and
AGENT are be low 3.4 %, and dif fer ences be tween the
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Fig ure 13. The 2-D C5G7 Bench mark ge om e try (a) core de scrip tion (b) fuel as sem blies (c) fuel pin [16]

Ta ble 4. The AGENT keff val ues for the 2-D C5G7 bench mark

Method P0 P1 P2 P3 P4 P5

AGENT with LM

keff 1.21784 1.21777 1.21814 1.21814 1.21820 1.21822

Dif fer ence [%] 3.41 3.40 3.43 3.43 3.44 3.44

CPU time (hrs) 6 6.5 7.5 9 10 11

AGENT with TY

keff 1.17504 1.17489 1.17527 1.17528 1.17533 1.17535

Dif fer ence [%] 0.23 0.24 0.21 0.21 0.20 0.20

CPU time (hrs) 6 6.5 7.5 9 10 11

AGENT with K-J in mod er a tor re gion and
LM in fuel/clad ding re gion

keff 1.17673 1.17659 1.17696 1.17696 1.17702 1.17704

Dif fer ence [%] 0.08 0.09 0.06 0.06 0.06 0.06

CPU time (hrs) 6 6.5 7.5 9 10 11

MCNP6
kinf (ref er ence) 1.17771 ± 0.00003

CPU time [s] 18.5

 AGENT res o lu tion pa ram e ters: 48 az i muthal an gles, 2 po lar an gles, 0.01 cm ray
 sep a ra tion, 204 bound ary edges per side
 AGENT con verg ing cri te ria: for flux 10

–6
, for eigenvalue 10

–6
 Bound ary con di tion: 

.re flec tive & vac uum bound ary con di tion
 MCNP6 pa ram e ters: 1.000.000 par ti cles, 600 his to ries, ENF/B-VII.0
 Dif fer ence (%) = ab so lute (100 × (kinf (MCNP6) – kinf (AGENT)) / (kinf (MCNP6)))
 Com puter: Intel Xeon ´5660 pro ces sor, 2.8 Ghz speed

AGENT sub-mesh ing of the unit cells:



MCNP6 and the K-J po lar an gu lar quad ra ture set are
£0.09 %. All three po lar an gu lar quad ra ture sets show
sim i lar com pu ta tion time for all Pn or ders (P0 ~ P5).
The dif fer ence be tween the MCNP6 ref er ence and
AGENT for P1 with the K-J po lar an gu lar quad ra ture
set (0.09 %) pro vides better agree ment than P5 with
the LM (3.4 %) and TY (0.2 %) po lar an gu lar quad ra -
ture set. These re sults dem on strate that the ac cu racy of
the MOC meth ods can be im proved with the K-J quad -
ra ture set and with short en ing the com pu ta tional time
to half.

Fig ures 14(a) and 14(b) show P5 sca lar neu tron
flux for the K-J po lar an gu lar quad ra ture set for ther -
mal (10–5 ~ 0.125 eV) and fast (1.356×106 ~ 2×107 eV)
en ergy groups, re spec tively. Within the fuel as sem -
blies, the ther mal sca lar neu tron flux fig. 14(a) is high -
est in the guide tube and the mod er a tor-filled in ter sti -
tial spac ing be tween fuel rods due to elas tic scat ter ing
in ter ac tions with the 1H. The ther mal sca lar neu tron
flux is low est in the fuel rods due to neu tron ab sorp -
tions, such as fis sion and ra di a tive cap ture, in the fuel.
The ther mal sca lar neu tron flux is larger in both UO2

fuel as sem blies than in the MOX fuel as sem blies, with

the high est ther mal sca lar neu tron flux val ues in the
up per-left UO2 fuel as sem bly. In the mod er a tor ex ter -
nal to the C5G7 core, a greater ther mal sca lar neu tron
flux with a lo cal max i mum oc curs im me di ately be -
yond the core bound ary. The in creased ther mal sca lar
neu tron flux ob served at the bound ary of the core ta -
pers from max i mum val ues along the re flec tive
bound aries (top and left-hand side of the ge om e try) to
smaller val ues at the bot tom right cor ner of the C5G7
core. Be yond the lo cal max i mum, the ther mal sca lar
neu tron flux de creases in the di rec tions of the vac uum
bound aries (bot tom and right-hand side of the prob lem 
ge om e try). As ex pected, the ther mal sca lar neu tron
flux gen er ally de creases with dis tance from the up -
per-left cor ner of the C5G7 core where the fuel as sem -
blies are lo cated, and the top and left-hand side re flec -
tive bound ary con di tions meet.

The fast neu tron sca lar flux fig. 14(b) is great est
within the fuel as sem blies, with the high est val ues in
the fuel rods, where fast neu trons are born from fis -
sion. Within the fuel as sem blies, the mag ni tude of the
fast sca lar neu tron flux is smaller in the empty guide
tube po si tions and the mod er a tor-filled in ter sti tial
spac ing be tween fuel rods, where elas tic scat ter ing in -
ter ac tions with the mod er a tor thermalize neu trons.
Fur ther more, the fast neu tron sca lar flux within the
fuel as sem blies de creases with dis tance from the re -
flec tive bound ary con di tions (top and left-hand side of 
the prob lem ge om e try) to wards the vac uum bound ary
con di tions (bot tom and right-hand side of the prob lem
ge om e try). A steep gra di ent in the fast neu tron sca lar
flux is ob served at the bound ary be tween the C5G7
core and the mod er a tor re gion ex ter nal to the C5G7
core. Within the mod er a tor re gion ex ter nal to the
C5G7 core, the fast neu tron sca lar flux re mains at a
min i mum be cause no fast neu trons are pro duced in the
mod er a tor. 

Un re flect ed cyl in ders of ura nyl-flu o ride
so lu tions in heavy wa ter

The un re flect ed cyl in ders of ura nyl-flu o ride so -
lu tions in heavy wa ter [17] are se lected to ver ify the
K-J po lar an gu lar quad ra ture set for the re gions with
2H. This bench mark ex am ple was de vel oped by the
Los Alamos Sci en tific Lab o ra tory to in ves ti gate crit i -
cal pa ram e ters of en riched ura nyl-flu o ride (UO2F2)
heavy-wa ter so lu tions for a fixed 2H-to-235U atomic
ra tio. The bench mark con sists of heavy wa ter re flected 
cyl in ders of ura nyl flu o ride in which the atomic ra tio
of 2H to 235U is 210. Out side of the wall, the model as -
sumes vac uum bound ary con di tions. The over all di -
men sions of the un re flect ed cyl in ders of ura nyl-flu o -
ride so lu tions in heavy wa ter are shown in fig. 15. The
ma te rial com po si tions are shown in tab. 5.

The AGENT model of the un re flect ed cyl in ders
of ura nyl-flu o ride so lu tions in heavy wa ter is de vel -
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Fig ure 14. The AGENT nor mal ized P5 sca lar flux dis tri -
bu tion for the 2-D C5G7 bench mark: (a) ther mal neu -
tron en ergy group (10–5 ~ 0.125 eV) (b) fast neu tron
en ergy group (1.356×106 ~ 2×107 eV)



oped to com pare the LM, TY, and K-J po lar an gu lar
quad ra ture sets us ing two po lar an gles and seven en -
ergy group cross-sec tions [16]. Ta ble 6 sum ma rizes
the AGENT keff val ues for P0 ~ P5 for all three po lar
an gu lar quad ra ture sets, com pared to the MCNP6 ref -
er ence. The K-J po lar an gu lar quad ra ture set pro vides
the best agree ment with MCNP6 for all Pn or ders (P0 ~
P5); the best agree ment with the ref er ence is also
found for higher Pn or ders. The dif fer ences ob served
be tween the MCNP6 ref er ence and AGENT cal cu la -
tions are <8.67 %, and dif fer ences be tween the
MCNP6 and the K-J po lar an gu lar quad ra ture set are
£0.35 %. All three po lar an gu lar quad ra ture sets have
the same com pu ta tion time for all Pn or ders (P0 ~ P5).
The dif fer ence be tween the MCNP6 ref er ence and
AGENT cal cu la tion for P1 with the K-J po lar an gu lar
quad ra ture set (0.35 %) pro vides better agree ment
than P5 with the LM (8.52 %) and TY (8.67 %) po lar
an gu lar quad ra ture set. These re sults show the ac cu -
racy of the MOC neu tron trans port codes that re duce
com pu ta tion time by half.

Uni ver sity of Utah TRIGA Re search
Re ac tor (UUTR) Bench mark

The Uni ver sity of Utah 100 kWth TRIGA
MARK-I re ac tor (UUTR) is a pool-type re search re ac -
tor, cooled by nat u ral con vec tion. The UUTR op er ates
for re search, train ing, and ed u ca tional pur poses in clud -
ing ir ra di a tion of ma te ri als, neu tron ac ti va tion anal y sis,
and re ac tor op er a tor train ing. The UUTR is se lected to
ver ify the K-J po lar an gu lar quad ra ture set for the re -
gions pre dom i nantly oc cu pied by 1H (light wa ter) and
2H (heavy wa ter) at the same time. In the prior re search,
the UUTR was also cho sen as a fi nal bench mark to ver -
ify the ac cu racy of the higher or der neu tron anisotropic
scat ter ing in the AGENT neutronics code sys tem; this is 
be cause the UUTR is a very het er o ge neous re ac tor of
var ied ge om e try and ma te rial com po si tion [11]. Spe cif -
i cally, the UUTR has a hex ag o nal core that con sists of
38 stain less steel and 23 alu mi num clad ura nium-zir co -
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Ta ble 5. Ma te rial com po si tions of the un re flect ed
cyl in ders of ura nyl-flu o ride so lu tions in heavy wa ter [17]

Unit cell re gion El e ment Num ber den sity [cm3]

Fuel so lu tion (UO2F2-D2O)

234U 3.0660×1018

235U 2.8030×1020

238U 1.5751×1022

F 5.9823 ×1020

O 3.2832×1022

2H 6.3823×1022

1H 6.4468×1020

Wall (type 321 stain less steel)

Fe 5.9355×1022

Cr 1.6511×1022

Ni 7.7203×1019

Mn 1.7363×1019

Si 1.6982×1019

Dry air
N2 3.2269×1019

O2 8.6569×1018

Fig ure 15. Un re flect ed cyl in ders of ura nyl-flu o ride
so lu tions in heavy wa ter

Ta ble 6. The keff of the un re flect ed cyl in ders of ura nyl-flu o ride so lu tions in heavy wa ter bench mark

Method P0 P1 P2 P3 P4 P5

AGENT with LM

keff 1.05031 1.05030 1.05109 1.05109 1.05113 1.05108

Dif fer ence [%] 8.59 8.59 8.52 8.52 8.52 8.52

CPU time (hrs) 0.4 0.5 0.6 0.6 0.7 0.7

AGENT with TY

keff 1.04861 1.04860 1.04939 1.04939 1.04943 1.04939

Dif fer ence [%] 8.74 8.74 8.67 8.67 8.67 8.67 

CPU time (hrs) 0.4 0.5 0.6 0.6 0.7 0.7

AGENT with K-J in so lu tion re gion
and LM in wall/air re gion

keff 1.14500 1.14499 1.14586 1.14586 1.14592 1.14587

Dif fer ence [%] 0.35 0.35 0.28 0.28 0.27 0.28

CPU time (hrs) 0.4 0.5 0.6 0.6 0.7 0.7

MCNP6
kinf (ref er ence) 1.14903 ± 0.00005

CPU time (hrs) 4.5

AGENT res o lu tion pa ram e ters: 48 az i muthal an gles, 2 po lar an gles, 0.02 cm ray
sep a ra tion, 40 bound ary edges per side
AGENT con verg ing cri te ria: flux 10–6, eigenvalue 10–6

Bound ary con di tion: re flec tive & vac uum bound ary con di tion
MCNP6: 1.000.000 par ti cles, 600 his to ries, ENF/B-VII.0
Dif fer ence (%) = ab so lute (100 × (kinf (MCNP6) – kinf (AGENT)) / (kinf

(MCNP6)))
Com puter: Intel Xeon ´ 5660 pro ces sor, 2.8 Ghz speed

AGENT sub-mesh ing of the unit cells:



nium-hy dride fuel rods (8.5 wt. % ura nium with <20 %
en rich ment), 12 graph ite rods, 12 heavy wa ter rods, and 
three con trol rods (safety, shim, and reg u lat ing con trol
rods) made of pow der bo ron car bide and housed in alu -
mi num clad ding [18]. The UUTR core has an in-core ir -
ra di a tion fa cil ity lo cated in the cen tral fuel po si tion, the
cen tral irradiator (CI). The UUTR core also has two
in-re flec tor irradiators that are ex ter nal to the UUTR
core: the ther mal irradiator (TI) and the fast neu tron ir -
ra di a tion fa cil ity (FNIF). The 3-D UUTR bench mark
mod els the afore men tioned fea tures of the UUTR
TRIGA MARK-I re ac tor with the con trol rods fully
with drawn. Fig ure 16 shows the UUTR core ge om e try.

The 3-D AGENT model of the UUTR in cludes
the LM, TY, and K-J po lar an gu lar quad ra ture sets
with two po lar an gles and seven en ergy group
cross-sec tions cal cu lated by SCALE 6.2.1. In the first
and sec ond cases of the UUTR bench mark, the LM
and TY po lar an gu lar quad ra ture sets are ap plied to the
whole UUTR re gion. The third case uses the K-J po lar
an gu lar quad ra ture set with 1H in the light wa ter re -
gion, and LM in the other re gion. The fourth case uses
the K-J po lar an gu lar quad ra ture set with 1H in the

light wa ter re gions, the K-J po lar angle quad ra ture set
with 2H in the heavy wa ter re gions, and LM in the
other re gions. 

Ta ble 7 sum ma rizes the AGENT keff for P0 ~ P5.
Ta ble 7 shows that the K-J po lar an gu lar quad ra ture
set, with 1H in the light wa ter and 2H in the heavy wa ter 
re gion for lower Pn or ders (P0, P1), is in better agree -
ment with the ref er ence MCNP6 cal cu la tions than for
other quad ra ture sets (LM and TY) for all Pn or ders (P0

~ P5). Ad di tion ally, the K-J po lar an gu lar quad ra ture
set, with 1H in the light wa ter and 2H in the heavy wa ter 
re gion with higher Pn or der (P5), pro vides the best
agree ment with the ref er ence (0.001%). Com pu ta tion
times among the three po lar an gu lar quad ra ture sets
(K-J, LM, and TY) are com pa ra ble, with no po lar an -
gu lar quad ra ture set dem on strat ing su pe rior com pu ta -
tional ef fi ciency. All dif fer ences be tween the MCNP6
ref er ence and AGENT cal cu la tions are less than 0.1
%, and dif fer ences be tween the MCNP6 and the K-J
po lar an gu lar quad ra ture set with 1H in the light wa ter
and 2H in the heavy wa ter re gion are £0.005 %. The
dif fer ence be tween the MCNP6 ref er ence and
AGENT cal cu la tion for P1 with the K-J po lar an gu lar
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Fig ure 16. The 3-D UUTR core ge om e try [11]



quad ra ture set with 1H in the light wa ter and 2H in the
heavy wa ter re gion (0.005 %) pro vides better agree -
ment than P5 with the LM (0.017 %) and TY (0.10 %)
po lar an gu lar quad ra ture set. These re sults dem on -
strate that the ac cu racy of the MOC neu tron trans port
codes can be im proved with the K-J quad ra ture set.

How ever, the dif fer ence be tween the AGENT
cal cu la tion for P1 with the K-J po lar an gu lar quad ra -
ture set with 1H in the light wa ter only and with the K-J
po lar an gu lar quad ra ture set with 1H in the light wa ter
and 2H in the heavy wa ter re gion are just 0.002 %. This 
is be cause the dif fer ence in po lar an gu lar quad ra ture
set weight ing fac tors be tween the K-J po lar an gu lar
quad ra ture set with 1H and 2H is small (see tab. 1). Ad -
di tion ally, the heavy wa ter re gion (TI) ap plied by the
K-J po lar an gu lar quad ra ture set with 2H has a lim ited
area com pared with the whole core area to give have a
high im pact.

Fig ures 17 and 18 show the P5 sca lar neu tron
flux dis tri bu tions of the K-J po lar an gu lar quad ra ture
set for the 3-D UUTR for the ther mal (10–5 eV~ 0.125
eV) and fast (1.356×106 eV~ 2×107 eV) en ergy groups,
re spec tively. The P5 sca lar neu tron flux dis tri bu tions
for the 3-D UUTR are split ax i ally into four planes:
(a), top plane with graph ite and heavy wa ter; (b), up -
per core plane with ura nium-zir co nium-hy dride fuel
rods; (c), lower core plane with ura nium-zir co -
nium-hy dride fuel rods; and (d), bot tom plane with
graph ite and heavy wa ter. The ther mal sca lar neu tron
flux, fig. 17, is higher in the va cant fuel po si tions, cen -
tral irradiator CI, the three fully with drawn con trol rod
lo ca tions, and the heavy wa ter/graph ite re flec tors on
the bor der of the core be cause the elas tic scat ter ing in -
ter ac tions with 1H and 2H thermalize the neu trons.

The CI shows the high est ther mal sca lar flux be -
cause the CI is fully sur rounded by stain less steel clad
fuel and is thus thermalizing more neu trons than any -
where else in the core. In the TI, the ther mal sca lar neu -
tron flux is larger due to elas tic scat ter ing in ter ac tions
with the row of graph ite re flec tors in front of the TI as
well as the heavy wa ter in side the TI thermalizing the
neu trons. In con trast, the FNIF has a lower ther mal
sca lar neu tron flux be cause there are no re flec tors sep -
a rat ing the FINF from the core, and thus the neu trons
from the core have less op por tu nity to un dergo elas tic
scat ter ing. The ther mal sca lar neu tron flux is small est
in the fuel rods due to neu tron ab sorp tion in ter ac tions,
such as fis sion and ra di a tive cap ture, by fuel ma te ri als.

The fast sca lar neu tron flux, fig. 18, is great est
within the fuel rods where fast neu trons are born from
fis sion. Within the core, the mag ni tude of the fast sca -
lar neu tron flux is smaller in the empty wa ter slot po si -
tions and the mod er a tor-filled in ter sti tial spac ing be -
tween fuel rods due to elas tic scat ter ing in ter ac tions
that thermalize the fast neu trons. The fast sca lar neu -
tron flux is also lower in the va cant fuel po si tions, CI,
the three fully with drawn con trol rod lo ca tions, and
the heavy wa ter/graph ite re flec tors on the bor der of
the core be cause of both the elas tic scat ter ing in ter ac -
tions with 1H and 2H and the lack of fis sile ma te rial to
gen er ate fast neu trons. The fast sca lar neu tron flux is
larger in the FNIF be cause there are no graph ite and
heavy wa ter re flec tors in be tween the fuel rods and the
FNIF, there fore the fast neu trons born from fis sion in
the core travel di rectly to the FNIF with fewer chances
to be elas ti cally scat tered. In con trast, there is a row of
graph ite re flec tors in be tween the TI and the core, and
thus fast neu trons will un dergo elas tic scat ter ing be -
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Ta ble 7. The AGENT keff val ues for the 3-D UUTR bench mark

Method P0 P1 P2 P3 P4 P5

AGENT with LM

kinf 1.00883 1.00883 1.00883 1.00892 1.00892 1.00892

Dif fer ence [%] 0.008 0.008 0.008 0.017 0.017 0.017

CPU time [hrs] 9 12 14 16 18 20

AGENT with TY

kinf 1.00970 1.00970 1.00970 1.00976 1.00976 1.00976

Dif fer ence [%] 0.094 0.094 0.094 0.1 0.1 0.1

CPU time [hrs] 9 12 14 16 18 20

AGENT with K-J in light wa ter re gion and LM 
in other re gion

kinf 1.00868 1.00868 1.00868 1.00874 1.00874 1.00874

Dif fer ence [%] 0.007 0.007 0.007 0.001 0.001 0.001

CPU time [hrs] 9 12 14 16 18 20

AGENT with K-J in light wa ter re gion, K-J in
heavy wa ter re gion and LM in other re gion

kinf 1.00870 1.00870 1.00870 1.00875 1.00875 1.00875

Dif fer ence [%] 0.005 0.005 0.005 0.001 0.001 0.001

CPU time [hrs] 9 12 14 16 18 20

MCNP6
kinf (ref er ence) 1.00875 ± 0.00002

CPU time [s] 24.5

AGENT res o lu tion pa ram e ters: 24 az i muthal an gles, 2 po lar an gles, 0.05 cm ray
sep a ra tion, 264 bound ary edges per ax ial plane, 26 ax ial planes
AGENT con verg ing cri te ria: flux 10–6, eigenvalue 10–6

Bound ary con di tion: Vac uum bound ary con di tion
MCNP6: 1.000.000 par ti cles, 600 his to ries, ENF/B-VII
Dif fer ence (%) = ab so lute (100 × (keff (MCNP6) – keff (AGENT)) / (keff (MCNP6)))
Com puter: Intel Xeon x´5660 pro ces sor, 2.8 Ghz speed, OPENMP
(multi-thread ing)

AGENT sub-mesh ing of the unit cell:



fore en ter ing the TI. A steep gra di ent in the fast sca lar
neu tron flux is ob served at the bound ary be tween the
UUTR core and the mod er a tor re gion ex ter nal to the

UUTR core, and the fast sca lar neu tron flux re mains at
a min i mum be cause no neu trons are pro duced in the
mod er a tor. 

D. Kim, et al.: K-J Po lar An gu lar Quad ra ture Set for a Method of Char ac ter is tics ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 1, pp. 13-28 25

Fig ure 17. The AGENT 3-D UUTR P5 sca lar neu tron flux dis tri bu tions per ax ial plane with the K-J po lar an gu lar quad ra -
ture set with 1H in the light wa ter and 2H in the heavy wa ter re gion: Ther mal en ergy group (10–5 eV~ 0.125 eV)



Un cer tainty anal y sis of the K-J po lar
an gu lar quad ra ture set

The un cer tainty anal y sis of the K-J po lar an gu lar 
quad ra ture re mains for fu ture work, and are is to be

based on the un cer tain ties of the cross-sec tions for
elas tic neu tron scat ter ing de rived from the
ENDF-VIII.0 li brary that pro vides in trin sic cer tainty
val ues, as il lus trated with figs. 19 and 20. The sug -
gested method for an a lyz ing un cer tainty of the K-J po -
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Fig ure 18. The AGENT 3-D UUTR P5 sca lar neu tron flux dis tri bu tions per ax ial plane with the K-J po lar an gu lar quad ra -
ture set with 1H in the light wa ter and 2H in the heavy wa ter re gion: Fast en ergy group (1.356×106 eV~ 2×107 eV)



lar an gu lar quad ra ture set is the Monte Carlo sam pling
al go rithm cou pled with the AGENT sys tem. The sug -
gested al go rithm is shown in fig. 21. 

CON CLU SIONS

A novel po lar an gu lar quad ra ture set for the
MOC- the Kim-Jevremovic po lar an gu lar quad ra ture
set- is de rived us ing the Eval u ated Nu clear Data File
(ENDF-VII) li brary [12], in tro duced into the
state-of-the-art AGENT code, and then com pared
against the well-known Leon ard and McDaniel and
Tabuchi and Yamamoto po lar an gu lar quad ra ture sets
for four dif fer ent bench mark prob lems: square unit
cell, the 2-D C5G7 bench mark, the un re flect ed cyl in -
ders of ura nyl-flu o ride so lu tions in heavy wa ter, and
the 3-D UUTR bench mark. Eigenvalues for the UO2

unit cell, 2-D C5G7, the un re flect ed cyl in ders of ura -
nyl-flu o ride so lu tions in heavy wa ter, and 3-D UUTR
benchmarks show that the Kim-Jevremovic po lar an -
gu lar quad ra ture set pro vides the great est agree ment
with the MCNP6 ref er ence cal cu la tion for all Pn or -
ders (P0 ~ P5). Kim-Jevremovic po lar an gu lar quad ra -

ture set with higher Pn or der (P5) shows best agree -
ment with the ref er ence for these bench mark prob -
lems. Fi nally, the Kim-Jevremovic po lar an gu lar
quad ra ture set with P1 or der shows im proved agree -
ment with the MCNP6 ref er ence cal cu la tions for all
bench mark prob lems. These re sults dem on strate that,
by us ing the Kim-Jevremovic po lar an gu lar quad ra -
ture set cou pled with the MOC neu tron trans port
codes, com pu ta tion time can be greatly re duced. 

AU THORS' CONTRIBUTIONS

D. Kim de vel oped the K-J po lar an gle quad ra -
ture set and per formed all benchmarks. L. I. Albright
and B. L. Saenz made ex ten sive con tri bu tions to the
anal y sis of the re sults and prep a ra tion of the manu -
script. Sci en tific su per vi sion was done by T.
Jevremovic.
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Donghun KIM, Lukas I. OLBRAJT, Britni L. SAENZ, Tatjana JEVREMOVI]

NOVA  K-J  OPTIMIZOVANA  RASPODELA  POLARNIH  UGLOVA  ZA  METODU 
KARAKTERISTIKA  ZASNOVANA  NA NEUTRONSKIM  INTERAKCIJAMA

Nova optimizovana raspodela polarnih uglova nazvana K-J (Kim-Jevremovi}) je
specifi~no razvijena za kori{}ewe u neutronskoj metodi karakteristika. Raspodela je zasnovana
na anizotropnom rasejawu neutrona ~ije su vrednosti preseka evaluirane prema ENDF-VII
biblioteci neutronskih preseka. Ova nova raspodela polarnih uglova testirana je kori{}ewem
poznatog numeri~kog koda AGENT i u pore|ewu sa MCNP6 na slede}im geometrijama: }elija sa
gorivom od UO2, poznati C5G7 ben~mark, nereflektovani cilindar ispuwen rastvorom
uranil-fluorida u te{koj vodi, i reaktorsko jezgro istra`iva~kog reaktora na Univerzitetu u
Juti, 100 kW termi~kih TRIGA MARK-1. Ova pore|ewa pokazuju da nova raspodela polarnih uglova
daje boqe slagawe rezultata sa MCNP6 nego druge do sada kori{}ene raspodele polarnih uglova za
nizak red razvoja anizotropnog rasejawa u Bolcmanovoj jedna~ini neutronskog transporta. Ovaj
rad ukqu~uje kompletno izvo|ewe K-J raspodele polarnih uglova i analizu pomenutih ben~mark
testova.

Kqu~ne re~i: AGENT numeri~ki pro gram, metoda karakteristika, neutronsko anizotropno 
..........................rasejawe, raspodela polarnih uglova, C5G7 ben~mark, TRIGA


