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Transmutation properties of coated axially non-uniform MA/’LiD
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Abstract  [Background] The nuclear transmutation is the only way to reduce the radioactive hazard of the high
level long-lived radioactive minor actinides (MA). The majority of commercial reactors in operation in the world are
pressurized water reactor (PWRs), hence the transmutation efficiency of minor actinide nuclide (MA) in PWR are
crucial problem in the area of the nuclear waste disposal. [Purpose] This study aims to improve the transmutation
efficiency of MA and flatten the core power distribution by using MA nuclide for PWR. [Methods] First of all, the
HPR1000 (Hualong #1) model 177 core structure was taken as reference PWR, thermal-fast neutron convertible
material ‘LiD was introduced to design coated axially non-uniform MA/LiD transmutation rods which structurally

applicable to the PWR. The internal component of the transmutation rods was UO,, and the external component was
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the transmutation coating material composed of MA and °LiD nuclides. The layout of the coating material on the
transmutation rods was axially three, five and seven segments structure, and the coating thickness gradually
decreased from the middle to both ends. Then, the Monte Carlo program RMC2.0 developed by the Reactor
Engineering Calculation and Analysis Laboratory of Tsinghua University was employed to establish the core and
calculate the effect of transmutation coating material composition on core k., [Results] The results show the best
transmutation effect up to 23.25% is realized when the mass ratio of °LiD to MA in the transmutation coating material
is 2 ¢ 8. Among the coated axially nonuniform transmutation rods, the seven-segment transmutation rod has the best
transmutation effect, and the transmutation rate is 25.43%. The best fission effect of three-segment transmutation rod
has the fission rate of 4.48% for MA nuclide. At the same time, the transmutation rod with axial non-uniform
structure can reduce the axial power peak factor of the core from 1.778 to 1.375. [Conclusions] Compared with

axially uniform rods, these axially non-uniform MA/’LiD transmutation rods have good transmutation efficiency,

especially the fission rate, and good performance on flatten axial power distribution is achieved, simutanously.
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Table 1 Parameters of PWR core

HES 2R
Core parameter

B8

Data used in simulation

NG B Active core height / mm 3 657.6

e SE R ELAT 3228
Equivalent diameter / mm
PRRLE SR UOo, 177 (2.4%/61+3.1%/68+

Enrichment and assemblies number  4.4%/48)

PRI FE Density of UO, / g-em™  10.41
BopEEHES )7 2 17x17
Fuel assembly pattern
L7 Kl Cladding material
157 )5 /¥ Cladding thickness /mm  0.57
£ 754z Cladding out radius / mm 9.5
YRR ] 13

Space between fuel rods / mm

Zr £ 4 Zircaloy

UO, B B AR 8.192
UO, fuel diameter / mm

2 HERESFE

I 2245 2 B 7 RMC2.00 44 2 i 5 JF IT Je
THEHF S, B0 B ENDF/B-VIL. RMC2.0 /275 &
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YR ) SRR B i M . RMC BT 56 e /K HE
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Table 2 Composition and molar fraction of MA

1% % Isotopes Np *Am **Am **Cm
EL 9l Nuclide ratio / % 562 26.4 12 5.4

R®3 EFEMARERENEREIE THFRREL
Table 3 Capture-to-fission ratio for main nuclides
of core fuel

1% % Isotopes FGE Thermal FRIE Fast
*Np 63 53
*Am 100 7.4
*Am 111 8.6
*Cm 16 1.4
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Fig.1 Nuclear reaction chain of thermal neutron in ‘LiD
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Fig.2 Schematic diagram of transmutation rods

(a) Radial structure of transmutation rod, (b) Axial uniform transmutation rod,

(c) Axial three-segment transmutation rod, (d) Axial five-segment transmutation rod, (¢) Axial seven-segment transmutation rod
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Table 4 Parameters of MA transmutation rod

Z ¥ Parameters AR

Data used in simulation
{174 ¥} Cladding material #5642 Zircaloy
£17¢ )8 ¥ Cladding thickness / mm 0.57
17 4M% Cladding out radius / mm 9.5
Tl A 34 21 E AR MA B2 JE TS MA coating thickness of axial-uniform transmutation rods / mm 2

i) = Bt R AR #E MA )2 J5 € MA coating thickness of axial-three-segment transmutation rods / mm 2, 3, 2

i) 7o B U AR MA 32 25 MA coating thickness of axial-five-segment transmutation rods / mm

1,2,3,2,1

L B VB AR MA 312 )5 MA coating thickness of axial-seven-segment transmutation rods / mm 0.5, 1,2, 3,2, 1, 0.5

75 & 55 i Heigh of transmutation rods / mm

3657.6
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Fig.3 Position distribution of transmutation rods in fuel
assembly (color online)
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RS HWEMSEBTHEHNETREETNER MAZREHEDTAEZER 540 d FREEZEL(LID:MA=2:8)
Table 5 Transmutation condition based on different transmutation coating thickness after 540-day-explosure
(LiD:MA=2:8)

1% % Isotopes %2 )R Clading thickness / mm
0.1 0.5 1.0 1.5 2.0

“"Np {8 4F % *'Np Transmutation rate / % 25.82 21.83 21.04 20.59 20.38
2 Am {48 3% ' Am Transmutation rate / % 60.16 45.98 4222 40.09 38.99
5 Am {48 % 2 Am Transmutation rate / % 25.96 21.86 21.80 21.80 21.94
2Cm §E4F % **Cm Transmutation rate / % -45.33 -36.56 -34.54 -33.55 -33.02
MA {75 % MA transmutation rate / % 31.22 25.56 2431 23.59 23.25
MA %475 3 MA fission rate / % 3.67 3.83 3.88 3.92 3.94
MA {75 & MA transmutation amount / kg 46.3 180.3 320.7 434.5 528.1

R A—a———— - BB AR 5 18 UE 50 )4 13.98 FEAN 11.95 2.
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Fig.7 Variation of MA transmutation rate within 540 d with
different axial structure of transmutation rods
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(nyy) (B, 2.12d)
237Np [N 238Np — 238Pu (5)
(n,7) 16 h) (a,163h)
WAM — 2Am — *Cm — 2Pu (6)

(n,7) (f,26 min) (n,7) (n,7)
WAM — *Am — *Cm — *Cm — *Cm (7)

Hy 3 ] A6 ) S B8 BT LA Y MA R T 22
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Table 6 Transmutation rate, fission rate and transmutation amount after 540-d-explosure

ARV JT 5 PRI S MABRE  MAR MA J MA & ZEMA 7"

Transmutation rods design scheme MA )5 & Jo AR A A g
MA mass of one MA mass MA MA MA (PWR)
transmutation rod loaded in total transmutation transmutation fission Equivalence to
/' kg / kg rate in total ~ mass in total ratein  the annual MA

/% /% total yield of a PWR
/%

il ) 22 ) B AR 1.724 2 648.67 23.25 548.26 3.94 2179

Axial uniform transmutation rods

) = BRI AL 1.489 2287.27 24.05 491.76 4.48 19.54

Axial three-segment transmutation rods

il ) T B NI AR 1.046 1607.21 24.44 351.84 446  13.98

Axial five-segment transmutation rods

e L B N A 0.856 1314.15 25.43 300.81 4.43 11.95

Axial seven-segment transmutation rods
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