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Ki netic pa ram e ters of a nu clear re ac tor are es sen tial in re ac tor dy namic and safety re lated
char ac ter is tics. Ki netic pa ram e ters of the Dalat nu clear re search re ac tor were eval u ated us ing
the MCNP6.3 code and a new nu clear data li brary (JENDL-5). Nu mer i cal cal cu la tions were
per formed for the core con fig u ra tion con sist ing of 92 low-en riched ura nium fuel bun dles for
ob tain ing the ef fec tive de layed neu tron frac tion beff, the neu tron gen er a tion time L and the
prompt neu tron life time lp. Two meth ods were used to cal cu late the  beff: the adjoint weighted
method based on per tur ba tion the ory and adjoint flux, and the prompt method us ing the ra -
tio of prompt and to tal fis sion neu trons. To cal cu late the L and the lp, the adjoint weighted
method and the 1/v ab sorber in ser tion method were used. The val ues of  beff, L and lp, at the
be gin ning of cy cle and the end of cy cle ob tained with the adjoint weighted method are 760
and 708 pcm, 86.99 and 82.41 µs, 79.01 and 82.76 µs, re spec tively. Com par ing among the
meth ods, the ki netic pa ram e ters were pre dicted with the dis crep ancy of about 1.0-1.6 %. The
ki netic pa ram e ters will be uti lized in the safety anal y sis re port of the Dalat nu clear re search re -
ac tor.
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IN TRO DUC TION

Ki netic pa ram e ters of a re search re ac tor such as
ef fec tive de layed neu tron frac tion (beff), neu tron gen -
er a tion life time (L), and prompt neu tron life time (lp)
are among im por tant char ac ter is tics re lated to the re -
ac tor safety, ki netic and tran sient anal y sis [1-9]. De -
layed neu trons in a re ac tor core are gen er ated dur ing
the de cay pro cess of radionuclides which are the prod -
ucts of fis sion re ac tions. For ex am ple, neu trons emit -
ted dur ing the beta de cay of io dine, bro mine and other
nu clei. The tem po ral de lay of neu trons is de pend ent on 
the life time of fis sion prod ucts. Though the de layed
neu trons oc cupy less than 1 % of the to tal neu tron pop -
u la tion, they have a sig nif i cant ef fect on the safety re -
lated char ac ter is tics of the re ac tor core [9, 10-12]. Ki -
netic pa ram e ters are in flu enced by burnup, fuel type,
core con fig u ra tion and other re ac tor op er a tion con di -
tions [3, 5, 10, 11]. Thus, pre cise eval u a tion of the ki -
netic pa ram e ters con trib utes to im prov ing the safety

and the ef fec tive op er a tion of the re ac tor. Sev eral stud -
ies were con ducted to es ti mate the ki netic pa ram e ters
of var i ous re search re ac tors us ing con tin u ous-en ergy
Monte Carlo trans port codes [1-3, 8, 10, 13-21]. Ki -
netic pa ram e ters of the 20-MW D2O-mod er ated re -
search re ac tor (NBSR) were es ti mated us ing the
MCNP5 code and the ENDF/B-VII li brary, which
yielded the most ac cu rate es ti mates for the de layed
neu tron frac tion and the prompt neu tron life time [22].
As sess ment of the ki netic pa ram e ters was con ducted
for the ini tial core of the In do ne sian 30-MW Mul ti pur -
pose Re search Re ac tor us ing con tin u ous en ergy
Monte Carlo codes (MVP3 and MCNP-6.2) and the
nu clear data li brar ies of JENDL-4.0, ENDF/B-VII.0
and ENDF/B-VII.1. The re sults in di cated that the
MVP3 cal cu la tions with the ENDF/B-VII.0 li brary
agreed well with those ob tained us ing the MCNP-6.2
(JENDL-4.0, ENDF/B-VII.0, and ENDF/B-VII.1)
and the MVP3 (JENDL-4.0) re sults [23]. Ki netic pa -
ram e ters were es ti mated for the Ghana Re search Re ac -
tor 1 (GHARR-1) af ter 19 years of op er a tion us ing
MCNP5. The re sults aligned closely with the ini tial
Safety Anal y sis Re port [24]. Ki netic pa ram e ters based 
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on burnup were in ves ti gated to im prove the per for -
mance of a re search re ac tor [3]. It was re ported that the 
beff de creased with burnup, while the lp ex hib ited an
in verse ten dency [3].

The Dalat Nu clear Re search Re ac tor (DNRR) is
a 500 kW pool-type re search re ac tor, op er ated by
Dalat Nu clear Re search In sti tute (Dalat, Viet nam). In
1983, the DNRR core was up graded from the
TRIGA-MARK II re search re ac tor with the power of
250 kW and loaded with highly en riched ura nium
(HEU) fuel of the Rus sian WWR-M2 type. In 2011,
the core was com pletely con verted to low-en riched
ura nium (LEU) fuel with the 235U en rich ment of 19.75
wt. % [25]. The op er a tion of the DNRR is es sen tial for
the de vel op ment of many sci en tific ac tiv i ties and ap -
pli ca tions in clud ing nu clear phys ics, nu clear en gi -
neer ing, bi ol ogy and ag ri cul ture, as well as ra dio ac tive 
iso tope pro duc tion for med i cal and in dus trial ap pli ca -
tions [25-30].

To sup port the op er a tion of the DNRR, core
phys ics and safety-re lated anal y sis have been per -
formed based on the ENDF/B and JENDL data li brar -
ies. How ever, the ki netic pa ram e ters of the DNRR
have not been re ported in any pub li ca tion. Thus, it is
ben e fi cial to con duct cal cu la tions of the ki netic pa -
ram e ters of the cur rent DNRR core us ing a Monte
Carlo method code and the lat est data li brary. The
pres ent work re ports the ki netic pa ram e ters of the
DNRR core with LEU fuel us ing the MCNP6.3 code
[31] and the lat est JENDL data li brary (JENDL-5)
[32]. Two meth ods used to cal cu late the beff  were the
adjoint weighted method and the prompt method.
Whereas, to cal cu late the lp, the adjoint weighted
method and the 1/v ab sorber in ser tion method were
used. The adjoint weighted method based on per tur ba -
tion the ory and adjoint flux, and the prompt method
us ing the ra tio of prompt and to tal fis sion neu trons.
The 1/v ab sorber in ser tion method is based on the as -
sump tion of the lin ear de pend ence of the re ac tiv ity
with a small 10B con tent uni formly in serted into the
core. The adjoint weighted method pro vides a high-fi -

del ity eval u a tion, while the prompt method and the 1/v
ab sorber in ser tion method serve as com par a tive base -
lines. The ki netic pa ram e ters were eval u ated at both
the be gin ning of cy cle (BOC) and the end of cy cle
(EOC) of the DNRR core in com par i son among the
meth ods. By com par ing among the meth ods, the re li -
abil ity and the ac cu racy of the cal cu lated ki netic pa -
ram e ters of the DNRR are en sured.

THE DALAT NU CLEAR RE SEARCH
RE AC TOR AND CAL CU LA TION MODEL

The Dalat Nu clear Re search Re ac tor

The DNRR con sists of a cy lin dri cal alu mi num
tank of 6.26 m in height and 1.98 m in di am e ter. The
ac tive  core  has  a  cy lin dri cal  shape  with a height of
60 cm and the di am e ter of 44.2 cm. The core in cludes
121 hex ag o nal cells for load ing fuel bun dles, con trol
rods, ir ra di a tion chan nels and be ryl lium blocks. The
con trol rod sys tem in cludes: one au to matic reg u lat ing
rod (AR), four shim rods (ShR) and two safety rods
(SR). The ab sorp tion length of the con trol rods is 65
cm to com pletely cover the ac tive core. The dry and
wet ir ra di a tion chan nel are cov ered by alu mi num cyl -
in ders with a thick ness of 0.5 mm. The neu tron trap at
the core cen ter is a wa ter cyl in der with 6.5 cm in di am -
e ter and 60 cm in length sur rounded by twelve be ryl -
lium blocks. The be ryl lium block has the same outer
shape as the fuel bun dle. A be ryl lium ring is lo cated
be tween the ac tive core and the graph ite re flec tor and
serves as an ad di tional re flec tor. The thick ness of the
graph ite re flec tor is 30.5 cm. Fur ther de scrip tion of the 
DNRR core can be found in [25-30]. Fig ure 1 shows
the core con fig u ra tion of the DNRR con sist ing of 92
LEU fuel bun dles [1]. Ta ble 1 pro vides the main de -
sign spec i fi ca tions of the DNRR core and the
VVR-M2 LEU fuel [25].

Fig ure 2 dis plays the cross-sec tional view and
the de sign pa ram e ters of the LEU fuel bun dle hav ing
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Fig ure 1. Con fig u ra tion
of the DNRR core with 92
LEU fuel bun dles



three con cen tric an nu lar tubes, along with a header
and a tail. The out er most fuel tube is hex ag o nal, with
par al lel sides of 32 mm in width. The two in ner fuel el -

e ments have cir cu lar shapes, with the outer di am e ters
of 22 mm and 11 mm, re spec tively. The fuel em ployed
com prises a mix ture of ura nium di ox ide and alu mi -
num (Al-UO2).

Cal cu la tion model

Ki netic pa ram e ters of the DNRR core with LEU
fuel were cal cu lated us ing the MCNP6.3 code [31] and 
the JENDL-5 nu clear data li brary [32]. Fig ure 3 dis -
plays the ver ti cal and hor i zon tal cross-sec tional views
of the DNRR core model in the MCNP6.3 code. The
model is ex panded from the ac tive core to the re ac tor
tank, with di men sions of 198 cm in di am e ter and 184.5 
cm in height. The MCNP6 cal cu la tions were con -
ducted with 200 cy cles and 106 neu tron his to ries per
cy cle for ob tain ing the sta tis ti cal er ror of keff less than
20 pcm (1 pcm = 10–5). The ki netic pa ram e ters were
cal cu lated at the be gin ning of cy cle (BOC) and the end 
of cy cle (EOC) to eval u ate the ef fect of fuel burnup. 

KI NETIC PA RAM E TERS

Ef fec tive de layed neu tron frac tion

Radionuclides emit ting de layed neu trons are
called the de layed neu tron pre cur sors. De pend ing on
the half-life of the radionuclides, the de layed neu tron
in ten sity and their ef fect also change with time. Thus,
the de layed neu tron pre cur sors are di vided into six
groups based on their half-life. The de layed neu tron
frac tion in a pre cur sor, bi, is de fined as the ra tio of the
de layed neu trons in this group to the to tal neu trons
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Ta ble 1. De sign spec i fi ca tions of the DNRR core
with LEU fuel

Pa ram e ter Value

Re ac tor
Re ac tor type Pool type

Fuel el e ment type Rus sian VVR-M2
Cool ing sys tem Nat u ral con vec tion

Mod er a tor and cool ant Wa ter

Re flec tor Graph ite, be ryl lium
and wa ter

Nom i nal power [kW] 500
Core

Num ber of fuel bun dles 92
Reg u lat ing rod (Stain less steel) 1

Shim rod (B4C) 4
Safety rod (B4C) 2

Be ryl lium rod 12
Ir ra di a tion chan nel 4

Fuel
235U en rich ment (wt.%) 19.75

Num ber of fuel el e ments in a bun dle 3
Out er most el e ment (Hex ag o nal shape) 1

In ner el e ments (Cir cu lar shape) 2
Fuel el e ment thick ness [mm] 2.5

Fuel meat thick ness [mm] 0.94
Clad ding thick ness [mm] 0.78

Fuel clad ma te rial Al
Fuel meat ma te rial Al-UO2 al loy

Cool ant chan nel width [mm] 2.5-3
To tal length of a fuel bun dle [mm] 865

Ac tive fuel length [mm] 600

Fig ure 2. Cross-sec tional view of the Rus sian VVR-M2 type LEU fuel bun dle



gen er ated in a fis sion re ac tion. The ef fec tive de layed
neu tron frac tion, de noted as beff, is the sum of the de -
layed neu tron frac tions over the six pre cur sors. Two
meth ods em ployed to cal cu late the ef fec tive de layed
neu tron frac tion beff were the adjoint weighted method 
and the prompt method.

Adjoint weighted method

The equa tion to cal cu late the ef fec tive de layed
neu tron frac tion beff is writ ten as [13, 15, 33]

b
f f

f f
eff 





( )

( )

B
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where f and f+ are the for ward and adjoint neu tron
fluxes, re spec tively, B – the de layed neu tron op er a tor,
F – the fis sion term op er a tor, . – the in te gra tion over
space and en ergy.

The terms in the nu mer a tor and de nom i na tor of
eq. (1) can be elab o rated as fol lows
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where v(E) and vd (E') are the av er age of to tal and de -
layed neu trons at en ergy E' gen er ated per fis sion, re -
spec tively; c( , , )  E E

 
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 
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are the spec tra of en ergy and an gu lar dis tri bu tion 
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W  of the to tal and de layed neu trons pro duced by

in com ing neu trons with ( , ) E

W , re spec tively; f  – the 

mac ro scopic fis sion cross sec tion, 

r – the neu tron po si -

tion; E – the neu tron en ergy; 

W is neu tron di rec tion.

From eqs. (1-3), the ef fec tive de layed neu tron frac -
tion, beff can be writ ten as

To sim plify eq. (4), the op er a tor . is used to
carry out the in te gra tion over the spa tial, an gu lar, and
en ergy vari ables. This in te gra tion is ex pressed as eq.
(5) us ing sim pli fi ca tion
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Spriggs re for mu lated the beff from the above
equa tion to con cen trate only on quan ti fy ing the de -
layed neu tron frac tion, hence, the k-ra tio is sub se -
quently in tro duced as fol lows [13, 34]

b
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The cal cu la tion of b0 us ing MCNP code is
straight for ward and is ac com plished by count ing the
to tal and de layed neu trons gen er ated dur ing fis sion
events, whereas kd is de rived from the de layed neu tron
en ergy spec trum.

Prompt method

From eq. (5), one can re write the ex pres sion for
beff as fol lows [13]
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Fig ure 3. Ver ti cal (a) and hor i zon tal (b) cross-sec tional views of the DNRR core model in the MCNP6 code
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The es ti ma tion in the fi nal phase is founded on
the sub se quent ra tio nale. The term ( )c cd dv  is two
or ders of mag ni tude less than the one with cvp, be -
cause vd is two or ders of mag ni tude smaller than vp. 
Due to the same ra tio nale, the shape of c is al most
equal to that of cp. At this point, an im por tant step is
car ried out. The beff can be es ti mated as fol lows

c

c
bp p p pv

v

k

k

k

k
   eff 1 (8)

where k is the eigenvalue for all neu trons and kp – the
eigenvalue for prompt neu trons only.

Neu tron gen er a tion time
and prompt neu tron life time

Adjoint weighted method

The neu tron gen er a tion time L, and the prompt
neu tron life time lp are cal cu lated based on the fol low -
ing equa tions [13, 15, 33]
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From equa tions (3), (9), and (10), the neu tron
gen er a tion time (L) can be es ti mated by eq. (11)

and the prompt neu tron life time lp de fined as

l
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From eqs. (3), (10), and (12), the prompt neu tron 
life time (lp) can be es ti mated by eq. (13) as

where keff is the ef fec tive mul ti pli ca tion fac tor and v –
the neu tron speed. The prompt neu tron life time lp was
cal cu lated us ing the adjoint weighted method, which
was im ple mented in the KOPTS card of the MCNP
code [35].

1/v ab sorber in ser tion method

The prompt neu tron life time lp was cal cu lated
us ing the 1/v ab sorber in ser tion method [35]. This
method in volved the in tro duc tion of a small ad di tion
of 10B as a per tur ba tion in the core ma te ri als. The ap -
pear ance of the ab sorber con tent re sults in a neg a tive
change of re ac tiv ity. The neg a tive re ac tiv ity in ser tion
is cal cu lated as

r   
k

k k k

1 1

eff, u eff, p

(14)

where keff,u is the ef fec tive mul ti pli ca tion fac tor with -
out the 10B ad di tion (un per turbed) and keff,p – the ef fec -
tive mul ti pli ca tion fac tor with ad di tional 10B con tent
(per turbed).

The keff,p is cal cu lated by chang ing the 10B con -
tent added to the core ma te ri als. The re ac tiv ity in ser -
tion due to the ad di tion of the 10B con tent is

     
k

k
N v lps0 0 (15)

where N is the atomic den sity of the 10B ab sorber (at -
oms/(b.cm)), s0 – the ther mal neu tron ab sorp tion cross 
sec tion in barns (b) (1 b = 10–24 cm2) of the ab sorber, v0

– the speed of ther mal neu trons, and l p– the prompt
neu tron life time when 10B ab sorber is added.

The prompt neu tron life time lp is cal cu lated
when the 10B con tent ap proaches zero [14, 35]
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In the pres ent work, the 10B con tent was added
uni formly to all core ma te ri als with the con cen tra tion
from 4.010–9 to 15.010–9 at oms/(b.cm). The keff,p
value was then cal cu lated at each step of the 10B con -
tents for de ter min ing the lin ear de pend ence of the re -
ac tiv ity with the 10B con tent. The lp is ob tained when
the 10B con tent ap proaches to zero.
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RE SULTS AND DIS CUS SION

Ef fec tive de layed neu tron frac tion

The MCNP6.3 cal cu la tions were set up to es ti mate
the keff of the DNRR with 92 LEU fuel bun dles with the
stan dard de vi a tion (1s) of 15-21 pcm. Fig ure 4 de picts
the de pend ence of the beff as a func tion of burnup ob -
tained from the adjoint weighted method. It can be seen
that the  beff de creases rap idly in the first 200 ef fec tive
full power days (EFPD), which is then fol lowed by a
grad ual de cline. The beff de creases from the BOC to the
EOC (800 EFPD) by about 52 pcm. The adjoint
weighted method pre dicts the beff val ues of 760 pcm at
the BOC and 708 pcm at the EOC, re spec tively. Ta ble 2
shows the beff val ues of the DNRR core at the BOC and
the EOC in com par i son be tween the adjoint weighted
method and the prompt method. The prompt method es -
ti mated the beff lower than those from the adjoint
weighted method by about 8-12 pcm. Com par ing be -
tween the two meth ods, a good agree ment was found
with the dis crep ancy less than 1.6 %. Com par ing to other
re search re ac tors, the beff of the first core of the RSG
GAS us ing MVP3 and MCNP-6.2 with var i ous data li -
brar ies was re ported ap prox i mately 738.3 pcm [23]. The
beff of the TRIGA Mark II re ac tor were 800 pcm for a
small core (43 fuel rods) and 750 pcm for a full core (90
fuel rods), re spec tively [5]. Thus, the beff val ues ob tained
for the DNRR are ap prox i mate that of other re search re -
ac tors.

Neu tron gen er a tion time and
prompt neu tron life time

Ta ble 3 pres ents the cal cu lated val ues of neu tron
gen er a tion time and prompt neu tron life time us ing the
adjoint-weighted and l/v in ser tion meth ods. The val -
ues of neu tron gen er a tion time, L, at the BOC and the
EOC, ob tained by us ing the adjoint weighted method

and the JENDL-5 li brary, are 86.99 and 82.41 µs, re -
spec tively. Fig ure 5 pres ents the prompt neu tron
life time lp as a func tion of burnup ob tained from the
adjoint weighted method. The lp in creases lin early
with burnup due to the de crease of the pro duc tion rate.
The lp val ues at the BOC and the EOC are 79.01 and
82.76 µs, re spec tively. Fig ure 6 de picts the de ter mi na -
tion of the lp val ues us ing the 1/v ab sorber in ser tion
method by vary ing the 10B con cen tra tion from
4.010–9 to 15.010–9 at oms/(b.cm). The lp val ues at the 
BOC and the EOC are 79.72 and 82.98 µs, re spec -
tively. Com par ing be tween the two meth ods, the dis -
crep ancy of the lp val ues is within 1 %. The ten dency
of the ki netic pa ram e ters agrees with that re ported by
Atta Mu ham mad et al. [3].

CON CLU SIONS

Ki netic pa ram e ters of the DNRR with 92 LEU
fuel bun dles were eval u ated us ing MCNP6.3 and the
JENDL-5 li brary. The beff de creases grad u ally with
burnup time, and the val ues at the BOC and the EOC

D.-T. Dau, et al., Ki netic Pa ram e ters of the Dalat Nu clear Re search Re ac tor with ...
6 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2025, Vol. 40, No. 1, pp. 1-9

Fig ure 4. Ef fec tive de layed neu tron
frac tion beff  as a func tion of burnup
time ob tained from the adjoint
weighted method (1 pcm = 10–5)

Ta ble 2. Ef fec tive de layed neu tron frac tion of the DNRR
with LEU fuel cal cu lated by the adjoint weighted
method and the prompt method

Pa ram e ter
Adjoint weighted Prompt
BOC EOC BOC EOC

beff (pcm) 760 4 708  21 748 9 700 18

Ta ble 3. Neu tron gen er a tion time and prompt neu tron
life time of the DNRR with LEU fuel cal cu lated by the
adjoint weighted method and the 1/v in ser tion method

Pa ram e ter
Adjoint weighted 1/v in ser tion
BOC EOC BOC EOC

L (µs) 86.99 0.1182.41 ± 0.45 – –

lp (µs) 79.01 0.1182.76 0.1579.72 0.4582.98 0.19



ob tained from the adjoint weighted method are 760 and
708 pcm, re spec tively. The dis crep ancy be tween the
two meth ods is within 1.6 %. The adjoint weighted
method pre dicted the neu tron gen er a tion  at the BOC
and the EOC as 86.99 and 82.41 µs, re spec tively. The
prompt neu tron life time lp val ues at the BOC and EOC
ob tained from the adjoint weighted method are 79.01
and 82.76 µs, re spec tively. The val ues dif fer from that
ob tained with the 1/v ab sorber in ser tion method by
about 1 %. The re sults in di cate good agree ments among 
the meth ods, con firm ing the re li abil ity and the ac cu racy 
of the cal cu lated pa ram e ters. The ob tained ki netic pa -
ram e ters could be used in fur ther re ac tor dy namic and
safety-re lated as sess ment of the DNRR, and will be in -
cor po rated into the safety anal y sis re port.
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Fig ure 5. Prompt neu tron life time (lp)
as a func tion of burnup time ob tained
from the adjoint weighted method 

Fig ure 6. Prompt neu tron life time as a
func tion of 10B con cen tra tion at the
BOC and the EOC ob tained from the 1/v
ab sorber in ser tion method.
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Duk-Tu DAU, Wi-Dien NGUJEN,  Kin-Kueng NGUJEN, Kueng-Huj FAM,
Toj-Nam ^U, Van-Kaw HOANG, Jang T. T. FAN, Hoai-Nam TRAN

KINETI^KI  PARAMETRI  ISTRA@IVA^KOG  NUKLEARNOG
REAKTORA  DALAT  SA  NISKO  OBOGA]ENIM  URANIJUMSKIM  GORIVOM 

KORI[]EWEM BIBLIOTEKA  MCNP6  I  JENDL-5

Poznavawe kineti~kih parametara nuklearnog reaktora neophodno je u dinamici
reaktora i povezanim karakteristikama bezbednosti. Kineti~ki parametri istra`iva~kog
nuklearnog reaktora Dalat proceweni su kori{}ewem koda 6.3 i nove biblioteke
nuklearnih podataka -5. Numeri~ki prora~uni izvr{eni su za konfiguraciju jezgra koja se
sastoji od 92 gorivna snopa nisko oboga}enog uranijuma radi dobijawa efektivne frakcije
zakasnelih neutrona b , vremena generisawa neutrona  i vremena `ivota brzog neutrona lp. Za
izra~unavawe b  kori{}ene su dve metode: metoda sa ponderisanim adjungovanim neutronima
zasnovana na teoriji perturbacija i adjungovanom fluksu, i metoda brzog prora~una koja koristi
odnos brzih i ukupnih fisionih neutrona. Za izra~unavawe  i lp kori{}ene su metode adjungovane
te`ine i umetawa 1/v apsorbera. Vrednosti b ,   i lp, na po~etku i kraju ciklusa dobijene metodom
adjungovane te`ine, iznose 760   i 708 ; 86.99 µ  i 82.41 µ  ; i 79.01 µ  i 82.76 µ  , respektivno. U 
pore|ewu metoda, kineti~ki parametri predvi|eni su sa odstupawem od oko 1.0-1.6 %. Kineti~ki
parametri bi}e kori{}eni u izve{taju o analizi bezbednosti  reaktora.

Kqu~ne re~i: istra`iva~ki nuklearni reaktor Dalat, gorivo sa nisko oboga}enim uranijumom,
.........................kineti~ki parametar, MCNP6, JENDL-5


