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Neutronic Calculations of NRC HEU Core
Dr Ali. Pazirandeh

Physics Department, Faculty of Science, University of 1ehran

Abstract

Research reactors as a source of neutrons and gamma rays have a great potential
for doing original applied physics studies such as solid state, nuclear properties,neutron
crystallography, neutron dosimetry, neutron radiography, neutron activation analysis -
(NAA), metallurgy and reactor physics.

‘ The HEU fuel of nearly all research reactors have to be replaced by lower enriched
uranium fuel, namely 20%, in near future. In the conversion of HEU to LEU fuel



analytical and experimental studies should be made to assist decision makers on fuel

loading and on changes necessary in the core configuration to be implemented to meet

present and future researcher’s demands .

In this study, neutronic calculations of the present HEU fueled core was performed.

Reactivity, group tlux distribution, burnup pattern and power distribution in the core were

obtained. In the continuation of the calculations neutronic, thermal hydraulic and kinetics

of the HEU and LEU fueled cores will be investigated in order to achieve a consistent

results for fuel replacement .

1. Introduction

Research reactors -from the day of their birth
have always been valuable source of neutrons and
gamma rays of {airly wide range of energy to implement -
research projects and practical studies in many fields
of scientific and technological intcrests. Ttis worthwhile
to pay more attention to its development and capabilities
for future plé.nning of scienﬁfic fesearch and tcchnolo -

gical developments in Iran .

Research reactors are now passing a new era of
core design and capabilities. Compact cores with high
density of uranium fuel ( Bonigand Van Der Hardt,
1988) with high neutron flux and equipped with cold
neutron facilities give wider range of applicabilities for
neutron studies. In many countries have already ini
tiated new core design. .‘

AEOI 1s in the process of changing HEU fuel of

1ts reactor core to LEU fuel of 20% enriched. The .

present calculation is only a part of neutronic analysis

of the HEU core {or fuel con\?ersio-ri td LEU fuel .

2. Core specifications

The core configuration is shown in Fig -1, The

core consists 6f 20 standard fuel elements (SFE) (AMF,

1959) 2 partial fuel elements and 6 contro}l fuel elements.

In this study in place of partidl fuel elements twostandard

fuel elements were considered. Each SFE is composed

of 18 curved plates which 16 of them-are fueled with

209. 37 g of vranium of 93j()/6,'6nfi'iéhedﬁ'in3*U “ 235, .

‘3. Method of calculation

3. 1 Cell Calculation

To perform cell calculations a unit cell shown

in Fig 2 (a,b)was considered. The extra zone accounts for

extraAluminium and water in the SFE. In the cell calcula

tion the modular code System RSYST (Ruhle, 1975,
Ruhle, 1983) was used. By calculation neutron spectrum

in zero burnup and no Xe - 135 buildup, five group
constants were generated {rom 45 energy group libraty

see Table 1 for group structure. As fuel irradiation

Table 1 Five and Three Energy Group
Structure used in RSYST

S s

l_- ——— -——-—n——h-—-—-—-—l—.

Energy group Energy Ranges [
1 15 Mev  0.111 Mev
2 1111 Kev 1. 855 Kev |
3 1_ 855 cV 0 625 cV |
4 0.625 ev 0. 11157 ev
5 0.11157 ev  0.000001 ev
A B
1 1 4 2 1
2 2 2 + 3
3 445 4 +5

- proceeds fuel burns and as a result neutron energy

varles, assuch for further calculation new cross section

data becomes necessary. Therefore, a new set of cross

sections' in five groups for ditferent. materials were det -

-~ermined.  In this sequence of calculations burnup, Kinf
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Fig. 1. NRC - Core Arrangement

and group constants were calculated as a function of
irradiation time in unit of full power day (FPD). The
cross section calculation was performed in a unit cell
after homogenization of the cell and macroscopic cross
sections in 45 groups were collapsed into five broad
energy groups.

The solution of burnup equations yielded atomic
densities of 16 actinides and 64 fission products as a

function of irradiation time (FPD).

3.2 Few Group Diffusion Calculation

Solution of the multigroup diffusion equation
yielded the eigenvalue, mesh point group flux and

consequently power distribution in each fuel element,

Burnup pattern in fresh core and in equilibrium core

for a specified fuel cycle length, 10 FPD, were obtained.

Table 2 gives results of the core calculations.

To study fuel shuffling scheme in an equlibrium
core a fresh SFE was inserted in position 3 followed by
sequential shuffling of the other SFEs and the last SFE

was discharged from position 22, see Fig - 1. The {fuel
cycle length is a period of time during which a fresh

SFE 1is irradiated in each positton. Therefore the
total length of irradiation for each SFE is 220 FPDs .

The fuel cycle length is determined in such a way that
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Fig. 2 a. Representation of physical geometry
of fuel element - XMW Core

Dimensions in Cm
18 plates St. FE & 8 plates Con. FE

End ptates are dummy in case of 93 %fuel

the core reactivity remains in controlable margin. As
irradiation progresses core reactivity drops and there -
fore Keif should always remain above unity. In this
calculation control fuel elements were apparently unch -
angeable butin fact they were replaced by new CFEs

after one - half of the core life .

4. Results and discussion

Most of the results of calculations are shown in
form of figures and tables. Table 2 gives Ketf, burnup and
U - 235 -loss as a function of irradiation time (FPD)
and the same results are shown 1n lig 4.

Fig 5 shows the integrated power generation per

'

; l
|

) |
13| AL Ho0  |Extra |

“Fuel

Clad| Moderator| Zone

|
0.0767 l~—
l Unit Cell l

Fig. 2b. Unit Cell for cross section
calculation - in RSYST

0.0254+-- 10,038}~ 0.158 -

[ )

Dimenstions in Cm

18 Ptates St. FL

SFE. 1t is uderstood that the fuel burnup in each SFE
can not easily be determined, that is because of sharp rise
in flux distribution in water traps, see Figs 6. and 7 In
normal operation about 60% of the control rods are
withdrawn and therefore great part of power is generated
in lower portion of the core. As fuel burns many fission

products are produced and accumulated and also

many actinides are born through successive neutron cap-
ture. Majority of fission products are neutron absorbers

among them Xe-135and Sm-149 are most prominnt
in absorbing thermal neutrons, Accumulation of {ission
products especially two above mentioned nuclides create

rather high negative reactivity. Fig 8 shows variation of
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84 mesh points

Fig 3. Core Shuffling pattern

Table 2 Summary of HEU Fuel Core Calculation

U235 SFE BOC Cycle Burnup U235— U235
93% Ketf Length at Exit Loss Loading

- plts SFE EOC (FPD) ~ MWD/Kg %o in core

1904. 72 1. 09649 10 [— — 4868g

16A + 2D

194.. 72 1. 01462 10

16A + 2D 1. 00540 19. 90 26. 36 4868¢g

A = Active D = Duminy
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Fig. 6. Integrated Flux FE in HEU NRC Core
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atomic densities of Xe - 135 and Sm - 149 as a function transfer conditions in the reactor core are intimately
of irradiation time. Some of the thermal neutrons suffer interrelated. The neutronic calculations show that
non - {issionable capture in uranium atoms genérating the fuel replacement from HEU to LEU quite feasible
transuranic elements such as Np - 239, Pu - 239, Pu-240, even in upgrading power of the reactor .

Pu - 241 etc. which some of them are fissile and act Abbreviations

similar to that of U - 235. In Fig 9 changes of atomic NRC Nuclear Research Center

densities of U-235, U - 238 and Pu - 239 are indicated. HEU Highly Enriched Uranium

One should bear in mind that in fuel conver - LEU Low Enriched Uranium
L sion from HEU to LEU thermohydraulic study should FPD Full - Power - Day
be performed since the neutronic behaviour and heat AEO1 Atomic Energy Organization of Iran
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