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o Ong | Purpose of the Paper

with a Benchmark Homogeneous Model.

-  Simulate The Reactor Conversion
Processes From HEU to LEU.




N L Ak
In ion >

" Neutronic and Burnup analysis  are
provided for Conversion Processes of the
plate type MTR IAEA 10 Mw Benchmark
research reactor from High Enrichment
uranium (HEU ) fuel to low enrichment (
LEU ) uranium fuel. The Core Consists of
5x 6 fuel Elements ( 28 for Fuel and 2
Irradiation Channel).
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¢ The High Enrichment Uranium Core ( HEU )
Consists of 28 Fuel Elements . ( 23 Standard Fuel
Elements and 5 Control Elements ) Fuel element
Dimensions 7.71 x8.1 cm with core dimensions
46.26x40.5 cm with active length 60 cm

» Standard Fuel Element Contains 23 Plates and
Control Fuel Element Contains 17 Plates and 4
Control Plates.

* The Fuel are in the form of UAIX-Al with
enrichment 93 % which Contains 280 gm %3°U per
standard Fuel and 207 gm 23°U per Control Fuel.

«* The Plate Thickness is 1.27 mm, Water Channel
thickness 2.19 mm, meat Thickness 0.51 mm and
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“ Low Enrichment Uranium Core (LEU) Consists of 28
Fuel Elements(23 Standard and 5 Control) , Element
dimensions 8.1 cm x7.71 cm.

 Standard (LEU) contains 20 Plates while Control
Element contains 14 fuel plates and 4 control plates.

e Fuel is in the form of U; Og with enrichment 19.7 %
Standard element Contains 446 gm 23U while
Control Element contains 312.2 gm 23U per Element.

¢ Plate Thickness 1.76 mm (1.99 mm outer plates).
Water channel thickness 2.217 mm. Uranium density
In the meat 3 gm /cm? meat thickness 1.0 mm.

¢ More detalils for core Compositions References (1,2,3).
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MCNPX computer code is used to model the reactor conversion
process from high enrichment fuel (HEU) to low enrichment
fuel (LEU) . Three dimensional and typical model for the

reactor geometry and dimensions is designed.

v The core is reflected by graphite in two faces and water in the
other faces. 20 cm water layer thickness I1s assumed above and
below the reactor core. Four million neutron histories are used
to simulate the core and accumulate the reactor tallies.

v FIG. 1 illustrates core set up, i. e. the HEU reactor core
Burnup in %°U per cent consumption at both beginning of

equilibrium cycle (BOC) for upper values and End of cycle
(EOC) for Lower values.
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FIG.1.

Burnup Distributions (% U2 consumptions)

for HEU core at

beginning of Cycle BOC (upper values) and End of Cycle EOC (lower values)
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For Burnup Calculations , the Cycle length is 69 , 80 ,
76, 90 , 105 and 118 days respectively which
corresponds to Pure HEU core , four mixed cores and
LEU core respectively.

For every Core Cycle 4 LEU element are Loaded Into
the reactor core and 4 HEU are discharged from the
Core and the fuel are shuffled in the mixed core
according to reference (3).
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£ FIG. (2.b) Vertical Cross Sections of the Core
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FIG.(3.a) Standard HEU Fuel Element (23 Plates)
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The Results cover three Types of

Calculations:

1. Calculation of Reactor Multiplication
factor through Conversion process(6
cycles).

2. Fuel Element Power distribution at
Beginning and End of each Cycle.

3. Fuel Burnup at Beginning and End of

o each Cycle.




Calculation of Reactor Multiplication factor through

0.95

Conversion process (6 cycles ).

HEU Core
1 st. mixed
2 nd mixed
3rd mixed
4 th mixed
LEU Core

0

1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
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Operation time(days)

FIG.5
Keff.
\Versus
operati
on time
of the
core

(days)



S - Sy NN | ¥

d FIG. 5 illustrates core multiplication
factor K Versus different core cycles.

I As shown In the figure HEU core

/1 represents full high enrichment core

< fuel. The next 4 cycles represents mixed

HEU and LEU fuel assemblies. The 6t

cycle represents LEU fuel assemblies.

The present results are in good

agreement with reference [3]. The

maximum difference between the two

results are 500 pcm '( at 6 th cycle )




Results of The First Cycle HEU Core

Z O Z
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FIG. 6 Comparison between the power distributions(normalized) at
BOC for HEU core. (Upper values: Present Model) , ( Lower values:
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FIG. 7 relative power distribution at EOC for HEU (Upper values:
present model), (Lower values: reference [3])
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FIG. 8 Comparison between Burnup of 23U for present ( MCNPX model

:Upper values) and (reference?® : Lower values) for EOC in HEU core.




Results of The Second Cycle (First Mixed Core)
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FIG. 9 Burnup of 23U for present (MCNPX model :Upper values) and
(reference[3] : Lower values ) for EOC of first mixed core.
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FI1G.10 Normalized power distribution for( present MCNPX model :
Upper values) and ( reference [3] : Lower values) for EOC of first mixed

core.



Results of The Third Cycle ( Second Mixed Core)
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FIG. 11 Comparison between Burnup of 23U for present MCNPX model

(Upper values) and (reference?® : Lower values) for EOC of second mixed
core.
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FIG. 12 Comparison between normalized power distribution for
(present MCNPX model :Upper values) and (reference3 : Lower
values ) for EOC of second mixed core.



Results of the Fourth Cycle ( Third Mixed Core)
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FIG.13 Comparison between Burnup of 23U for( present MCNPX
model :Upper values) and (references : Lower values) for EOC of

third mixed core.
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FI1G.14 Comparison between normalized power distribution for (
present MCNPX model :Upper values) and (reference?® :Lower
values ) for EOC of third mixed core.



= Results of Fifth Cycle (Fourth Mixed Core)
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FIG. 15 Comparison between Burnup of 23°U for ( present

MCNPX model : Upper values) and ( reference? : Lower values)
for EOC of fourth mixed core.
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FIG. 16 Comparison between normalized power distribution for
present MCNPX model (Upper values) and reference? (Lower
values ) for EOC of fourth mixed core.



Results of Sixth Cycle (LEU Core)
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FIG.1 7 Power Peak factor for LEU core BOC( Upper values
Present Model , Lower values reference ).
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‘A’g FIG. 18 Power Distributions for LEU at EOC



Conclusion

1- MCNPX computer code Is used to design a
heterogeneous model for a research reactor conversion

From HEU to LEU.

2- The multiplication factor of the reactor are calculated
during transition and conversion process and a
maximum difference between the reference
homogenous model is 500 pcm.

3- the power distribution and fuel burnup are calculated
during all conversion process and it IS in agreement with
the reference results.







