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INTRODUCTION. BERYLLIUM “POISONING”. TITANIUM BERYLLIDE

Metallic Beryllium (Be)
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WWR-K Research Reactor

Commissioned in 1967 (HEU fuel)

Continuous operation till 1988

1988-1998 - safety upgrade, licensing

Re-started in 1998

2015-2016 — Modernization and Conversion to LEU fuel
April 1st 2016 - First Criticality with LEU fuel

September 2016 — Operation of reactor with LEU fuel

Thermal power: 6MW

Fuel: UO,-Al

Moderator, coolant: light water
Reflector: metallic beryllium
Enrichment 23°U: 19.7%

Operation: 10 cycles/year

1 operation cycle: 21 continuous days
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Utilization
* NAA
* Fuel testing
* Gemstone radiation treatment
* Medical & industrial isotopes
* Neutron radiography &
tomography
* Material science
* Neutron transmutation doping of

silicon
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MATERIALS AND CALCULATIONS

Configuration “B”
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Figure 1 Horizontal sections of MCNP core models with different reflectors: (a) — two rings of metallic Be; (b) — two rings of Be,,Ti; (c) — the
first ring of Be,,Ti, the second of metallic Be; (1) — water; (2) — type 1 fuel assemblies, (3) - type 2 fuel assemblies, (4) - irradiation
channel, (5) - metallic Be, (6) — Be,,Ti, (7) — central irradiation position, (8) — peripheral irradiation position.

e Reactivity margin (Ak/k)

Neutron flux spectra (100 energy groups) at central and peripheral irradiation
channels

Power deposition in reflector blocks

Production of isotopes: He-3, He-4, T, Li-6 in Be; Sc-46, Sc-47, Sc-48 in Be,Ti
Temperature coefficient of reactivity

U-235 burnup in fuel assemblies




REACTIVITY MARGIN AND XENON POISONING

e Configuration A: Two rings of metallic Be (baseline)
e Configuration B: Two rings of Be,Ti
e Configuration C: Hybrid: Inner ring of Be,,Ti and outer ring of Be

Table 1. Calculated reactivity margin data [% Ak/k]

p (ther) p (“A”) p (“B”) p (ucn)
0.40+0.01 11.06%0.01 3.84+0.01 4.2910.01
(~410.6) (~3.4) (~+3.9)

+ 14 fresh fuel
—14 blocks

Be superior moderating and reflecting properties the lower moderation efficiency

The calculated reduction in reactivity margin due to Xe-135 poisoning was:
o “A”:-275%Ak/k
o “B”:-2.97% Ak/k
o “C”:-2.94% Ak/k

the highest poisoning effect due to its harder neutron spectrum



NEUTRON FLUX AND SPECTRAL DISTRIBUTION
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Table 4. Thermal, epithermal and fast neutron flux densities at the central

irradiation position [n/cm?-s]

central irradiation position

1E13

metallic Be
—Be,,Ti
— hybrid (Be,, Ti+Be)

Energy group core configuration with reflectors
metallic Be Be,,Ti Be,,Ti+Be
Thermal neutrons 1.67E+14 1.98E+14 1.56E+14
(E,<6.25eV) ( t+19%) ( t+17%)
Epithermal neutrons 7.96E+13 9.57E+13 9.40E+13
(E,=(6.25 eV+0.11 MeV)) ( 4+20%) (4+18%)
Fast neutrons 6.94E+13 8.37E+13 8.36E+13
(E,>0.11 MeV) ( +21%) ( +20%)
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Figure 3. Neutron flux density for the 100-
group energy spectrum at the peripheral

irradiation position

Table 5. Thermal, epithermal and fast/neutron flux densities at the peripheral

position [n/cm?2-s]

peripheral irradiation position

Energy group core configuration with reflectors
metallic Be Be,,Ti Be,,Ti+Be
Thermal neutrons 8.50E+13 5.!L8E+13 6.!8E+13
(E,<6.25eV) ( 1—35%) ( 1_27%)
Epithermal neutrons 1.82E+13 1.84E+13 1.84E+13
(E,=(6.25 eV+0.11 MeV)) (1 +1%) (1 +1%)
Fast neutrons 1.01E+13 1.03E+13 1.05E+13
(E,>0.11 MeV) ( +2%) ( +4%)




POWER DISTRIBUTION IN REFLECTORS

Table 6. Power deposition values of the reflector

blocks with different core configurations.

Block
position No

© | 0 N o g &~ W DN

B R
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22
23
24

42

metallic Be
3.4
6.0
3.9
6.6
4.9
4.2
3.5
4.1
6.4
3.9
4.2

4.1

1.9

2.1

1.5

Configuration
Be,,Ti
4.6
7.2
4.4
7.2
5.8
5.0
4.9
5.0
7.8
5.6
4.8

4.4
3.8

3.7

2.3

Be,,Ti+Be
a7
7.2
4.4
7.2
5.8
51
5.0
51
7.8
5.7
4.8

4.4
2.8

2.7

1.7

For the configuration using metallic Be, the total power
deposition across all 46 reflector blocks was 1377 kW. The
highest localized deposition occurred near the fuel assemblies
and irradiation positions, consistent with® high neutron flux
regions.

In the case of the Be,,Ti reflector, the total power deposition
increased to 184.0 kW - approximately 34% higher than the Be
configuration. This rise is attributed to Bej,Ti's-higher neutron
absorption cross-section and  heavier atomic mass, which
contribute to greater local ‘heating. Notably, the peripheral
blocks of the Bel2Ti reflector exhibited power levels exceeding
7.5 KW in some positions.

The hybrid configuration (inner ring of Be;,Ti, outer ring of Be)
demonstrated intermediate power deposition totaling 168.5 kW.
This reflects the combined moderation characteristics of both
materials and indicates that Be,,Ti's influence on heating is
substantial even when partially integrated.



ISOTOPE PRODUCTION IN REFLECTOR MATERIALS

Table 7. Production of Sc-46, Sc-47 and Sc-48 isotopes with
different core configurations [GBq]

Table 6. Production of isotopes Li-6, He-3, He-4 and T with different core
configurations [at/barn-cm]

Configuration with metallic Be Configuration with Be,,Ti
Isotopes Cycles number Isotopes Cycles number
1 5 10 1 S 10
Li-6 1.53E-07 6.76E-07 1.16E-06 Sc-46 49.1 163.2 214.5
T 5.02E-09 1.09E-07 3.00E-07 Sc-47 133.4 134.0 134.0
He-3 1.04E-11 7.06E-09 1.19E-07 Sc-48 6.9 6.9 6.9
He-4 1.02E-06 5.19E-06 1.06E-05 Configuration with (Be,,Ti+Be)
Configuration with Be,,Ti Isotopes Cycles number
Isotopes Cycles number 1 3 10
1 5 10 Sc-46 48.9 162.4 213.3
Li-6 1.34E-07 6.36E-07 1.19E-06 Sc-47 132.8 133.4 133.4
T 1.87E-09 4.39E-08 1.45E-07 Sc-48 6.9 6.9 6.9
He-3 3.96E-12 1.29E-09 2.76E-08
He-4 8.75E-07 4.41E-06 8.90E-06
Configuration with (Be,,Ti+Be)
Isotopes Cycles number
1 5 10




TEMPERATURE COEFFICIENTS AND FUEL BURNUP

Table 9. Temperature reactivity feedback coefficients

Core configuration
with metallic Be
with Be,,Ti

with (Be,,Ti+Be)

Table 9. The proportion of uranium-235 burnup in fuel assemblies
in different core configurations [%]

Configuration

metallic Be

Be,,Ti

(Be,,Ti+Be)

Configuration

metallic Be

PDa T

4.0
4.8
4.7

oT (% Ak/k)/K)
-0.007
-0.010
-0.011

Central FA

Cycles number
5

19.7

23.2

22.9

Peripheral FA

Cycles number

10
38.0
44.0
43.6

10
25.2

~

Core configuration
Overall average burnup [%]

Burnup [GWd/MTU]

IIAII
2.94
4.01

llBll
2.94
4.01

IICII
2.94
4.01



CONCLUSIONS

This study provides a comparative neutronic analysis of three reflector configurations—metallic Be, titanium beryllide (Be,,Ti), and a hybrid of Be,Ti
and Be—in the WWR-K research reactor. Results from MCNP simulations allow the following conclusions to be drawn:

Reactivity Margin: Metallic Be provides the highest initial reactivity margin. However, Be,,Ti and hybrid configurations show reduced margins, and
additional fresh fuel loading (e.g., 14 blocks for configuration B) would be required to match the Be configuration. Xenon poisoning further reduces
reactivity in all configurations, most significantly in Be,,Ti.

Neutron Flux Distribution: Be yields the highest thermal flux in peripheral channels, ideal for isotope production. Bel2Ti shifts the spectrum toward
epithermal and fast ranges, enhancing fast flux but lowering thermal flux. The hybrid offers a balanced flux spectrum suitable for mixed applications.
Energy Deposition: Power deposition is highest in Be,,Ti (184.0 kW), followed by the hybrid (168.5 kW) andBe (137.7 kW). Thermal management
requirements increase with the inclusion of Be,,Ti.

Isotope Production: Metallic Be reflectors result in significantly higher He and T production:. Be,,Ti minimizes gas-accumulation but introduces Sc-46,
Sc-47, and Sc-48 through Ti activation. The hybrid effectively mitigates both issues.

Temperature Coefficients and Burnup: All configurations yield negative temperature coefficients, with Be,,Ti and hybrid being more negative, enhancing
inherent safety. Burnup analysis shows increased U-235 depletion in Be,,Ti and hybrid cores, necessitating careful fuel cycle planning.

Overall, while Be provides optimal reactivity and thermal performance, Be,,Ti offers structural and safety advantages at the cost of reactivity and
power deposition. The hybrid configuration emerges as a viable compromise, balancing neutronic, thermal, and activation characteristics for
multipurpose research reactor applications.
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