
A  STUDY  ON  IM PROV ING  THE  PER FOR MANCE  OF  A
RE SEARCH  RE AC TOR'S  EQUI LIB RIUM  CORE

by

Atta MUHAMMAD 1,2, Masood IQBAL2*, and Tayyab MAHMOOD 2

1De part ment of Nu clear En gi neer ing, Pa ki stan In sti tute of En gi neer ing and Ap plied Sci ences,
Islamabad, Pa ki stan

2Nu clear En gi neer ing Di vi sion, Pa ki stan In sti tute of Nu clear Sci ence and Tech nol ogy, Islamabad, Pa ki stan

Sci en tific pa per
DOI: 10.2298/NTRP1304362M

Uti liz ing low en riched ura nium silicide fuel (U3Si2-Al) of ex ist ing ura nium den sity (3.285 g/cm3),
dif fer ent core con fig u ra tions have been stud ied in search of an equi lib rium core with an im proved
per for mance for the Pa ki stan Re search Re ac tor-1. Fur ther more, we have ex tended our anal y sis to
the per for mance of higher den sity silicide fu els with a ura nium den sity of 4.0 and 4.8 U g/cm3. The
cri te rion used in se lect ing the best per form ing core was that of “unit flux time cy cle length per 235U
mass per cy cle”.
In or der to an a lyze core per for mance by im prov ing neu tron mod er a tion, uti liz ing higher-den sity
fuel, the ef fect of the cool ant chan nel width was also stud ied by re duc ing the num ber of plates in the
stan dard/con trol fuel el e ment. Cal cu la tions em ploy ing com puter codes WIMSD/4 and CI TA -
TION were per formed. A ten en ergy group struc ture for fis sion neu trons was used for the gen er a -
tion of mi cro scopic cross-sec tions through WIMSD/4. To search the equi lib rium core, two-di men -
sional core mod el ling was per formed in CI TA TION. Per for mance in di ca tors have shown that the
higher-den sity ura nium silicide-fu elled core (U den sity 4.8 g/cm3) with out any changes in stan -
dard/con trol fuel el e ments, com pris ing of 15 stan dard and 4 con trol fuel el e ments, is the best per -
form ing of all ana lysed cores.
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IN TRO DUC TION

Pa ki stan Re search Re ac tor-1 (PARR-1) is a
swim ming pool-type ma te rial test ing re search re ac tor
(MTR) with a parallelepiped core com prised of LEU
(U3Si2-Al) fuel, con tain ing 19.99% 235U. De min er al -
ized light wa ter is used as cool ant and mod er a tor. One
side of the parallelepiped core is re flected by graph ite,
i. e. the ther mal col umn, while the op po site side is re -
flected by a blend of graph ite re flec tor el e ments and
light wa ter. The bot tom side is re flected by a com bi na -
tion of alu minum and wa ter. The three re main ing
sides,  i. e.  the  top  and  two lat eral  sides,  are  re flected
by light wa ter only. Fuel el e ments, con trol rods, graph -
ite re flec tor el e ments, wa ter boxes for the ir ra di a tion
of sam ples and fis sion cham bers with their guide tubes 
are as sem bled on a grid plate bear ing 54 holes, ar -
ranged in a 9 ́  6 ar ray, with a lat tice pitch of 81.0 mm × 
´ 77.1 mm. At PARR-1, five con trol rods (Ag-In-Cd
al loy) are em ployed for the power-level con trol of the
op er at ing re ac tor and safe shut down in nor mal or pos -
si ble ac ci den tal cir cum stances. The PARR-1 core pro -
vides nu mer ous ir ra di a tion fa cil i ties which in clude

wa ter boxes, a graph ite ther mal col umn, pneu matic
rab bit tubes, beam port tubes and a dry gamma cell,
bulk ir ra di a tion area, and hot cell. Main PARR-1 spec -
i fi ca tions are given in tab. 1[1].

In the cur rent study, var i ous re search re ac tor
mod els based on dif fer ent fuel (U3Si2-Al) load ings
and cool ant gaps have been stud ied. The ef fect of ura -
nium silicide fuel den sity vari a tion was an a lyzed to
pro pose an op ti mum fuel load ing based on: ther mal
neu tron flux at ir ra di a tion sites, cy cle length, con -
sump tion of 235U per cy cle and the ini tial in ven tory of
235U. A higher neu tron flux at ir ra di a tion sites is al -
ways de sir able in a re search re ac tor for ir ra di a tion
sam ples, ba sic re search and iso tope pro duc tion. Min i -
mum fis sile ma te rial con sump tion per cy cle length and 
lon ger cy cle lengths are eco nom i cal. There fore, the
cri te rion cho sen for the se lec tion of the best core per -
for mance was de ter mined as “unit flux time cy cle
length per 235U mass per cy cle”. An anal y sis was car -
ried out by as sum ing the PARR-1 grid plate and no
changes in the PARR-1 cur rent sys tem con cern ing
struc tural/em bed ded pip ing sys tems for core cool ing
or pri mary and sec ond ary pump sys tems, mo tors etc.
At PARR-1, con trol rods should be at least 50% out of
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po si tion in the crit i cal core. The end-of-cy cle ex cess
re ac tiv ity of the equi lib rium core should be 1.0% Dk/k, 
so as to ac count for 0.5% Dk/k of the sam ple load and
0.5% Dk/k for tem per a ture ef fects at full power [2].
This cri te rion has also been con sid ered dur ing crit i cal -
ity cal cu la tions of the cur rently an a lyzed cores.

With higher-den sity fuel, the fuel-to-mod er a tor
ra tio in creases and the core which is oth er wise crit i -
cally-mod er ated be comes highly un der-mod er ated
[3]. Uti liz ing higher-den sity fuel, the ef fect of the
cool ant chan nel width was also stud ied by re duc ing
the num ber of plates in the stan dard fuel el e ment and
con trol fuel el e ment to check the per for mance by im -
prov ing neu tron mod er a tion. By re duc ing the num ber
of plates in fuel el e ments, the heat trans fer area is de -
creased, lim it ing the steady-state power. Al though the
cool ant flow per fuel plate is in creased by re duc ing
fuel plates in the el e ment, this can not coun ter the de -
creas ing ef fect of the heat trans fer area.

HEU fuel is the best op tion for a re search re ac tor
due to the higher burn-up, lon ger op er at ing cy cle and
lesser ra dio ac tive waste [4]. Through the global threat
re duc tion ini tia tive (GTRI) and the re duced en rich ment
for re search and test re ac tor (RERTR) Pro gram, the in -
ter na tional com mu nity has come to gether to min i mize,
and to the ex tent pos si ble, elim i nate the use of HEU in
civil nu clear pro grams through out the world. There -
fore, LEU fuel is be ing con sid ered world wide as a de -
sign so lu tion for fu ture re search re ac tors. The den sity of 
235U is much lower in LEU fuel than in HEU. The

higher in ven tory of 238U in LEU fuel is a source of
prompt neg a tive re ac tiv ity feed back, also af fect ing neu -
tron econ omy and mak ing the fuel re quire ment higher
than that of HEU. To coun ter this ef fect, one op tion is to
in crease the num ber of fuel el e ments and plates per fuel
el e ment in the LEU-fu elled re ac tor core. The other one
is to re place the low-den sity HEU fuel with LEU fuel of
a higher den sity. Ther mal neu tron flux at ir ra di a tion
sites and cy cle length are im proved by us ing higher
den sity fuel. Both op tions have been an a lyzed in the
cur rent study. En rich ment re duc tion by sim ple sub sti tu -
tion of lower-en riched ura nium in ex ist ing fuel de signs
has the im me di ate ef fect of re duc ing core per for mance.
Fuel burn-up ca pa bil ity de creases, while fuel costs in -
crease. The burn-up po ten tial can be matched to that of
the un mod i fied re ac tor by in creas ing the 235U con tent in 
the LEU core to an amount slightly over that of the HEU 
core, at the ex pense of a slight de crease in the in-core
ther mal flux-per-unit-power per for mance [5]; there -
fore, re ac tor power also needs to be up graded within the 
lim i ta tions im posed by the ther mal-hy drau lic.

METH OD OL OGY FOR AN A LYZ ING
THE EQUI LIB RIUM CORE 

A MTR-PC26 pack age was used for the gen er a -
tion of mi cro scopic cross-sec tions of the dif fer ent re -
gions of the PARR-1 core. This pack age uses the
WIMS/D4 [6], an up graded ver sion of the Winfrith
im proved multi-group scheme (WIMS) [7] com puter
code, along with an at ten dant code called BORGES
[8]. The BORGES is used to read the out put of
WIMS/D4, as per in struc tions of the user, and then
writes it in a form that is readily us able in the multi-di -
men sional, dif fu sion the ory code, CI TA TION [9]. The
WIMS/D4 code uses its own 69-group li brary and
solves the neu tron trans port equa tion in one di men sion 
with re flec tive bound ary con di tions.

Ten-en ergy group mi cro scopic cross-sec tions
were ob tained. The en ergy group struc ture used is
given in tab. 2 [2, 10-12]. All cross-sec tions were
eval u ated at 40 °C. The unit cell shown in fig. 1 [13]
was se lected for the gen er a tion of cross-sec tions and
num ber den si ties of the fuel part of the stan dard and
con trol fuel el e ment. The half-unit cell shown in fig.
2, con tain ing fuel meat, clad ding, cool ant and the ex -
tra re gion was used in WIMS/D4 to gen er ate the
cross-sec tions of the fuel el e ment con tain ing 23 fuel
plates. The ex tra alu mi num in the clad of the end fuel
plate with the ex tra wa ter in front of the end fuel plate
have been equally dis trib uted over 46 half-unit cells
and were ac com mo dated in the ex tra re gion. The side
plates, the non-fu elled lat eral por tion of the fuel
plates and the wa ter in the non-fuel por tion were
mod elled as struc tural ma te ri als in a sep a rate unit
cell. Con trol rods and con trol-fol lower re gions were
mod elled in a sep a rate unit cell. Mi cro scopic
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Ta ble 1. Main spec i fi ca tions of PARR-1

Type Swim ming pool

Nom i nal core power [MW] 10

Lat tice pitch [mm] 81.0 ´77.11

Fuel ma te rial and en rich ment U3Si2-Al  (19.99 % by wt.%)

Clad ding ma te rial Alu mi num

Cool ant/mod er a tor Light wa ter (H2O)

Cool ant flow rate [m3h–1] 950

Re flec tor Light wa ter and graphite

Fuel el e ment de scrip tion Straight plate MTR type fuel
el e ment

235U con tents per fuel plate [g] 12.61

Con trol rods Oval shaped 5 rods

Com po si tion of con trol rods 80% Ag, 15% In, 5% Cd

Op er a tional modes Man ual and au to matic

Feed back co ef fi cients:

Dopp ler co ef fi cient,
%Dk/k – °C –1.91×10–3

Mod er a tor co ef fi cient,
%Dk/k – °C –5.97×10–3

Void co ef fi cient,
%Dk/k – °C Voids

–0.34

Ir ra di a tion sites: Neu tron flux [cm–2s–1]

Beam ports ~1.0×1013

 Ther mal col umn De pends on the depth in
ther mal col umn

Pneu matic rab bit ~3.0×1013



cross-sec tions and num ber den si ties for the wa ter re -
flec tor, graph ite re flec tor and the ther mal col umn
lead and graph ite re gions, were also gen er ated uti liz -
ing the WIMS/D4 code and BORGES. Sim i larly,
half-unit cells shown in figs. 3 and 4 were em ployed
to gen er ate the cross-sec tions for the stan dard fuel el -
e ment con tain ing 22 fuel plates and 21 fuel plate, re -
spec tively.

In or der to an a lyze equi lib rium cores of dif fer ent 
con fig u ra tions, dif fer ent fuel den si ties and a vary ing
num ber of fuel plates listed in tab. 3 were used in
WIMSD/4. The cores were mod elled in x-y ge om e try
(2-D) of CI TA TION, with out a con trol ab sorber. In the 
third  di men sion, buck ling  was  in cor po rated,  with 
8.0 cm re flec tor sav ing from top-to- bot tom of the ac -
tive part of the core [2]. For static, de ple tion and fuel
man age ment anal y sis, the dif fu sion the ory based
code, CI TA TION, was used. Re search and power re ac -
tors are op er ated ac cord ing to a cer tain fuel man age -
ment scheme, based on re ac tor safety and econ omy.
For a re search re ac tor, the scheme should be op ti mized 
on peak ing fac tors, cy cle length and neu tron flux at ir -
ra di a tion sites. Ini tially, fresh fuel el e ments with zero
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Ta ble 2. Ten en ergy group struc ture for mi cro scopic cross-sec tions

En ergy
group
[eV]

Up per
en ergy

WIMSD4
en ergy
group

Av er age
en ergy
[eV]

Re marks

1 10×106 1-5 2.87×106 Above thresh old fis sion of 238U and no de layed pro duc tion

2 0.821×106 6-7 4.98×105 Av er age en ergy of 2 to 6 de layed neu tron groups pro duced

3 3.025×105 8-8 2.353×105 Av er age pro duced en ergy of first de layed neu tron group

4 0.183×106 9-20 8.2×103

Fourth and fifth groups are of equal leth argy in ter vals in WIMSD groups from 9-33
5 367.262 21-33 20.551

6 1.15 34-40 1.057 Group cov ers the res o nance of 240Pu i. e. at 1 eV

7 0.972 41-45 0.78 Group 7 sep a rates the en ergy bound aries of group 6 and 8

8 0.625 46-55 0.296 This group cov ers the res o nance of 239Pu i. e. at 0.3 eV

9 0.14 56-60 0.0837 The ninth group is based on the max i mum ther mal neu tron cut-off en ergy (0.14 eV (5 kT)

10 0.050 61-69 2.2×10–4 Re main ing ther mal groups

Fig ure 1. Stan dard fuel el e ment of PARR-1 with unit cell
con fig u ra tion

Fig ure 2. Half-unit cell con fig u ra tion with a 23
plates-stan dard fuel el e ment for WIMS/D4

Fig ure 3. Half-unit cell con fig u ra tion with a 22
 plates-stan dard fuel el e ment for WIMS/D4

Fig ure 4. Half-unit cell con fig u ra tion with a 21
 plates/stan dard fuel el e ment for WIMS/D4



fis sion prod ucts were taken for study ing the equi lib -
rium core. The cy cle length of the equi lib rium core
was de ter mined by burn-up anal y sis. Re shuf fling
schemes for all cores were se lected so that a fresh el e -
ment was first in tro duced to the core pe riph ery and, af -
ter each cy cle, moved to wards the cen tre of the core in
or der to be, ul ti mately, dis charged from it. The inbuilt
con ver gence cri te ria for search ing the equi lib rium
core in CI TA TION code is 9.999 ×10–3 i. e. the max i -
mum dif fer ence be tween the num ber den si ties of all
iso topes of two suc ces sive cy cles should be less than
this num ber.  At  the  be gin ning  of  cy cle  (BOC),  the
CI TA TION code checks the num ber den si ties of each
iso tope with pre vi ous cy cle num ber den si ties for the
ef fec tive mul ti pli ca tion fac tor and group neu tron flux
dis tri bu tion, so as to test the equi lib rium core con di -
tions
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where en, ek, and ef  are the small num bers for test ing
equi lib rium core con di tions, while N r kn

eff
n( ) ( )( , ), ( )0 0

and fn r( , )0   are the iso to pic num ber den si ties, mul ti -
pli ca tion fac tor and flux at the nth cy cle at po si tion ( r)
at BOC.

RE SULTS AND DIS CUS SION

Adopt ing the above men tioned cri te ria, equi lib -
rium cores were stud ied for dif fer ent con fig u ra tions.
The ther mal flux at ir ra di a tion sites, fuel burn-up at the 

be gin ning of equi lib rium cy cle (BOEC), ini tial fis sile
in ven tory, cy cle length (full-power days) and fis sile
con sump tion per cy cle were de ter mined and re sults
sum ma rized in tab. 3 so as to iden tify the best per form -
ing core.

From tab. 3 it is ob vi ous that, while keep ing the
same size and re duc ing the num ber of plates per fuel
el e ment, the core size is re duced and that this is fol -
lowed by an in crease in the ther mal flux at the ir ra di a -
tion site. Nev er the less, the dec re ment of fis sile in ven -
tory re duces the cy cle length and, hence, the av er age
burn-up at dis charge also de creases. The per for mance
of high den sity fuel (U den sity 4.8 g/cm3) with 15 stan -
dard fuel el e ments, 4 con trol fuel el e ments, 23 fuel
plates per stan dard fuel el e ment, and 13 fuel plates per
con trol fuel el e ment, is the best of the cores ex am ined. 
The pro posed core is shown in fig. 5, with wa ter boxes
at C(7) and C(4) po si tions. This is a com pact and
highly un der-mod er ated core. It is re flected by graph -
ite blocks from three sides, while the re main ing one
fea tures a graph ite ther mal col umn, so as to min i mize
neu tron leak age and flat ten the flux pro file.

The re shuf fling scheme for an a lyz ing the pro -
posed equi lib rium core is shown in tab. 4, based on the
cri te rion of min i miz ing the peak ing fac tors from a
safety point of view. Start ing with fresh fuel, the
burn-up in creases with each cy cle num ber, as shown in 
fig. 6 and, hence, keff also de creases with burn-up, as
shown in fig. 7, un til the equi lib rium core is es tab -
lished. When the equi lib rium core is es tab lished, at
each BOEC, the burn-up is the same and, hence, the
mul ti pli ca tion fac tor for con sec u tive cy cles re mains
the same. It is ob vi ous from figs. 6 and 7 that a to tal of
nine steps are suf fi cient for es tab lish ing the equi lib -
rium. The 10th step is BOEC.

 The max i mum dis charge burn-up is 32.93%,
while the av er age dis charge burn-up is 30.745%. A to -
tal of 1511 gram of 235U is loaded per cy cle. The
burn-up at BOEC is shown in fig. 8. Fresh el e ments are 
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Ta ble 3. Re sults of the an a lyzed equi lib rium cores

U den sity [gcm–3] 4.8 4.8 4.8 4 4 4 3.285 3.285

No of stan dard fuel el e ments 15 15 15 17 17 17 24 29

No of con trol fuel el e ments 4 4 4 5 5 5 5 5

No of plates/fuel 21 22 23 21 22 23 23 23

Mass of 235U loaded per cy cle [kg] 1.36 1.44 1.51 1.14 1.20 1.26 1.32 1.32

Ini tial in ven tory of 235U  [kg] 6.61 6.96 7.31 6.33 6.66 7.00 7.78 9.23

Ther mal flux at in ner ir ra di a tion site
[ncm–2s–1] 1.84E+14 1.83E+14 1.83E+14 1.59E+14 1.57E+14 1.56E+14 1.63E+14 1.39E+14

Full power days 35.5 38 41 24 27 30 35 47

Av er age burn-up at be gin ning of
equi lib rium core [%] 10.29 10.44 10.71 7.66 8.19 8.56 11.92 16.97

Max i mum burn-up at dis charge [%] 31.81 32.22 32.93 23.49 24.96 25.95 37.63 47.74

Av er age burn-up of dis charged
el e ments [%] 23.69 24.02 30.75 21.72 23.11 24.20 33.41 43.30

Unit flux.cy cle length/ 235U
mass per cy cle 4.80E+15 4.83E+15 4.97E+15 3.35E+15 3.54E+15 3.71E+15 4.30E+15 4.95E+15

Unit flux.cycle length/initial 235U mass 9.90E+14 9.97E+14 1.02E+15 6.02E+14 6.36E+14 6.67E+14 7.31E+14 7.10E+14



loaded at the core pe riph ery, low-burned el e ments are
also away from the core cen tre and high-burned el e -
ments are lo cated al most at the very core cen tre, so as
to min i mize the peak ing fac tor. Figure 9 shows the
burn-up at end of equi lib rium cy cle (EOEC). El e ments 
at C(8), C(6), D(7), and D(8) po si tions achieved the
high est burn-up at EOEC. These el e ments should be
dis charged and the core re shuf fled ac cord ing to the

scheme given in tab. 4 for the new BOEC. The burn-up 
of dis charged el e ments is not very high but, due to in -
suf fi cient re ac tiv ity, the core can not be fur ther op er -
ated af ter 41 full-power days.

With the in creas ing burn-up of the fuel, the ini -
tial load ing of 235U is de pleted and 239Pu and its higher
iso topes are pro duced. Due to the in ter nal con ver sion
of 238U, plu to nium iso topes are also con trib ut ing to
power-gen er a tion as the burn-up in creases. There fore, 
the com po si tion of the dis charged fuel is also im por -
tant, due to plu to nium iso topes. Ta ble 5 shows the
com po si tion of the fuel in the core and dis charged fuel
el e ments at BOEC and EOEC.
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Fig ure 5. Pro posed equi lib rium core configuration

Ta ble 4. Re shuf fling and re fu el ling scheme for an a lyz ing the pro posed equi lib rium core

From core po si tion To core po si tion From core po si tion To core po si tion

E(5) (Fresh) D(5) B(7) E(8)

D(5) E(6) E(8) C(6)

C(5) B(7) D(8) Dis charge

B(5) (Fresh) C(5) C(8) Dis charge

E(6) E(7) B(8) C(9)

D(6) C(8) E(9) (Fresh) B(6)

C(6) Dis charge D(9) D(8)

B(6) D(6) C(9) D(9)

E(7) D(7) B(9) (Fresh) B(8)

D(7) Dis charge

Fig ure 6. Fuel burn-up at BOC of each cycle

Fig ure 7. BOC mul ti pli ca tion fac tor with the in creas ing
cy cle num ber



From tab. 5, it is clear that the  235U de ple tion rate 
is high be cause of the high fis sion cross-sec tion in the
ther mal re gion, while 238U is de pleted slowly, due to
the fast fis sion and the in ter nal con ver sion to plu to -
nium iso topes. All plu to nium iso topes are on the in -
crease with burn-up.

 Keep ing the fixed core ge om e try for con stant
power gen er a tion, the flux and fis sile con cen tra tion
are in versely pro por tional to each other. When fis sile
con tents are de pleted, the flux in creases, there fore the
flux in creases at EOEC. More over, with in creas ing
burn-up, the fuel-to-mod er a tor ra tio de creases, lead -

ing to a soft neu tron spec trum [2, 14]. Fig ure 10 shows
the ther mal neu tron fluxes in the core, at dif fer ent lo ca -
tions, in clud ing wa ter box stands and con trol fuel el e -
ments at BOEC and EOEC.

The fast/ther mal neu tron flux av er aged over
each stan dard fuel el e ment, con trol fuel el e ment and
wa ter boxes for the pro posed core are shown in figs. 11 
and 12. The fast flux is in creas ing to wards the core
cen tre, while de creas ing at the pe riph ery, due to leak -
age. The ther mal flux is at its max i mum at C(7),  i. e.
the wa ter box lo ca tion for sam ple ir ra di a tion. 
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Ta ble 5. Com po si tion of fuel in the core and the dis charged fuel el e ment

Nu clide
Mass of nuclides [g] in core Mass of nuclides [g] in the dis charged fuel el e ment

BOEC EOEC BOEC EOEC
235U 6467.46 6017.56 324.4397 294.74
238U 29186.3 29139.0 1684.13 1680.0

239Pu 66.86 96.33 7.88 9.38
240Pu 4.68 8.48 0.75 1.19
241Pu 0.89 1.94 0.18 0.36

Fig ure 8. Burn-up (% age of 235U) for the pro posed core
at BOEC

Fig ure 9. Burn-up (% age of 235U) of the pro posed core
at EOEC



CON CLU SIONS

With higher den sity fuel, the fuel-to-mod er a tor
ra tio in creases, the core oth er wise crit i cal ity-mod er -
ated, be comes highly un der-mod er ated. The per for -
mance of high-den sity fuel (U den sity 4.8 g/cm3), with 
15 stan dard fuel el e ments, 4 con trol fuel el e ments, 23
fuel plates per stan dard fuel el e ment, and 13 fuel plates 
per con trol fuel el e ment, has proven to be the most ef -
fi cient of the cores ex am ined. Our 2-D de ple tion anal -
y sis of the core re veals that it can be op er ated for 41
full-power days at 9 MW, con tin u ously. There fore, ev -
ery stan dard fuel el e ment will be ir ra di ated for 205
full-power days, while ev ery con trol fuel el e ment will
be for ir ra di ated 164 full-power days. Al though the
dis charge burn-up of the  low-den sity fuel is higher,
due to higher val ues, the ther mal neu tron flux is low at
ir ra di a tion sites and, thus, the per for mance of these
cores is in fe rior to those of the higher den sity fu els
pro posed.

AU THOR CONTRIBUTIONS

Cal cu la tions were car ried out by A. Mu ham mad
un der su per vi sion and guide lines of M. Iqbal. T.
Mahmood and M. Iqbal helped in mod el ing of re ac tor
core. All au thors dis cussed and an a lyzed the re sults.
Manu script was writ ten by A. Mu ham mad and re -
viewed by T. Mahmood and M. Iqbal. Fig ures were
pre pared by A. Mu ham mad.
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Ata MUHAMAD, Masud IGBAL, Tajab MAHMUD

UNAPRE\EWE  MOGU]NOSTI  RAVNOTE@NOG  JEZGRA
ISTRA@IVA^KOG  REAKTORA

U ciqu poboq{awa mogu}nosti ravnote`nog jezgra Pakistanskog istra`iva~kog
reaktora-1, prou~avane su razli~ite konfiguracije jezgra sa niskim oboga}ewem silikatnog
goriva (U3Si2-Al) gustine uranijuma od 3.285 g/cm3. Potom je analiza pro{irena na silikatna goriva
ve}e gustine uranijuma – od 4.0 g/cm3 i 4.8 g/cm3. Izbor jezgra sa najboqim osobinama izvr{en je na
osnovu kriterijuma da proizvod jedini~nog fluksa i vremena trajawa ciklusa, podeqen masom 235U,
bude najve}i.

U ciqu analizirawa osobine jezgra u pogledu poboq{awa neutronskog usporavawa pri
kori{}ewu goriva ve}e gustine, prou~avan je uticaj {irine kanala hladioca svo|ewem broja plo~a u
standardnom/kontrolnom  gorivnom  elementu.   Obavqeni  su  prora~uni  programima  WIMSD/4  i 
CI TA TION. Za fisione neutrone kori{}ena je desetogrupna struktura za generisawe mikroskopskih 
preseka u programu WIMSD/4. Ispitivawe ravnote`nog jezgra izvr{eno je programom CI TA TION
kori{}ewem dvodimenzionalnog modela jezgra. Na osnovu istra`enih performansi pokazano je da
silikatno gorivo ve}e gustine uranijuma od 4.8 g/cm3, bez ikakve promene standardno/kontrolnog
gorivnog elementa sa~iwenog od 15 standardnih i 4 kontrolna elementa, ima najboqe
karakteristike od svih analiziranih.

Kqu~ne re~i: istra`iva~ki reaktor, reaktorsko gorivo, MTR-PC26, WIMS/D4, CI TA TION


