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INTRODUCTION

Many research reactor are using beryllium reflectors (Such as ETRR-2, MARIA, and SAFARI-1)

Neutron interactions with beryllium lead to the problem of accumulation of °Li, 3H and 3He isotopes
within the beryllium matrix.

The SLi and 3He are neutron poisons (strong absorbers have large thermal neutron absorption cross
sections of about 940 barns and 5327 barns respectively) inducing changes in properties of the beryllium
reflector elements and are considered as ageing degradation.

The large densities of °Li and 3He poisons can impact the worth of beryllium reflector and core
parameters ( such as core excess reactivity and cycle length) .

Modeling of accumulation of the poisons are provided for various scenarios and irradiation conditions
and calculation of the impact of beryllium poisoning on the core parameters are also provided.

The proposed solutions/approaches to manage the beryllium poisoning and compensate for the
Impact on core parameters are compared and discussed.
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BENCHMARK CORE
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METHODOLOGY aux

Verification of Validating BERY program and CITVAP code used in modelling and
calculation  of impact on core parameters by comparing the results with the
benchmark core design calculation and measured values.

Verifying that that it has been understood how to use the
calculation tools properly

Calculation the neutron flux values in 7 energy groups in each Beryllium element
using CITVAP with 7 energy groups macroscopic cross-sections library.

Dividing of Beryllium elements into zones according to the neutron flux values (the
average flux) for each zone and the reactions rates between fast neutrons and Be,
3He, 6Li1 and Tritium.



METHODOLOGY ¢

5. Calculation of the atomic density of different poisons (3He, °Li, 3H) accumulated

Inside the Beryllium reflector matrix under the reactor operational scenario
conditions using BERY program.

6. Assessment of the impact on core parameters for verius operational scenarios on
the build-up of beryllium poisons.

7. Propose and compare base on calculation solutions to minimize and compensate

for the impact of beryllium poisoning on the reactor core parameters for the worst
conditions.



Zones of core reflector base on Av. Flux (7 zones )
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OPERATION SCENARIOS AND CONDITIONS

Operation scenario

Description

Scenario (1)

Reqular operation for each month
5 days power + 2 days shutdown] for 3weeks + shutdown for 1 week

Condition (1Y)

Irradiation for 1 years under scenario (1)

Condition (5Y) Irradiation for 5 years under scenario (1)
Condition (10Y) Irradiation for 10 years under scenario (1)
Condition (20Y) Irradiation for 20 years under scenario (1)

Long-term shutdown

Irradiation for 10 years under scenario (1) + 10 years of shutdown

Comparisonwith actual
Scenario (2)

MARIA researchreactor actual scenario (93-94).

Longterm operation (3)

SAFARI-1researchreactor actual scenario (1965 - 2011)




Comparison of Scenario 1 conditions
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Comparison with reactor

Additional calculation wusing the
period 93-94 of MARIA reactor
actual scenario has been carried
out using the neutron flux values in
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core in 3 approximations:
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Comparison with long term operation Scenario 3

« This scenario has the longest history between all simulated scenarios but its negative
Impact on beryllium reflector elements and core parameters is almost the least one
because the limited changes in power history and no long periods of shutdown.
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3He and °Li long term accumulation

<1077
? L] I I L] I L] I zl:lna:1l
Zone2)
=i —¥— Zone3)
E Zoned)
= —#— Fone&)
2gt Zone(s)
E ZoneT)
=
-=fl:_ 1l |
=
I
—
S 3t ! ‘ :
o l ‘
5 | )
T2 ' a | =
E )
f=-=-—-=- R~ - | L 1 1 1 1 L
0 4] 10 15 20 25 20 35 40 45 50

Time, Years

12 ¢

Lithium Atomic density, Atoms/cm . bam

10 15 20 25 30 35 40 45
Time, Years

Accumulation depends strongly on flux of thereflector zones

50



3H accumulation compared with cumulative power history
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PROPOSED SOLUTIONS (1/3)

Worst condition

 The long-term shutdown scenario with ten years of regular operational history
and another ten years of reactor break-out, is the WORST condition on the
beryllium reflector elements and on the reactor core parameters.

« The seven zones of beryllium elements contain high atomic densities of
Helium-3 and Lithium-6 poisons and reactor cycle length is decreased to
almost the third of its initial value of the fresh reflector core.



PROPOSED SOLUTIONS (2/3)

Full extraction of strong negative
experiment (cobalt irradiation
device) to add more excess
reactivity to the reactor core.

Exchanging beryllium zone (1) Iin
the first row with the other zones.

Replacement of poisoned
beryllium elements of zone (1)
with fresh ones.

Exchanging the beryllium elements of zone (1) with the other zones
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PROPOSED SOLUTIONS (3/3)
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CONCLUSIONS

Comparing the results of all operational scenarios, confirmed that the neutrons poisons
3He and °Li have a strong negative Impact on the reactor core operation parameters
specially in the case of long-term shutdown.

The accumulation of these poisons inside Beryllium matrix depends strongly on the
values and distribution of neutron flux, the position of beryllium elments around the
reactor core and the elements should be divided into zones according to their
neutron flux values.

Three solutions are supposed and to minimize the impact of beryllium poisoning on the
reactor core parameters, these solutions are extraction of cobalt irradiation device from the
core for adding more reactivity, replacement of the first row Beryllium zone (1) with fresh
Beryllium and exchange between this zone (1) and other Beryllium zones.

The solution of zones exchange is the best to add more excess reactivity and increase
the core operating cycle length without more cost.
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