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Abstract

The spent fuel generated by nuclear power plants contains large quantities of radionuclides, in-
cluding long-lived fission products (LLFP) and minor actinides (MA). These nuclides decay to no
harm through thousands of years. Partitioning and transmutation technology (P&T) is to separate
these nuclides from the spent fuel into specific device for neutron irradiation, making it into a
low-level radioactive nuclides or stable nuclides. As a major MA nuclide, neptunium (Np) has a
high productivity and long half-time. In this paper, MCNP code is used to build the AP1000 reactor
core model, and neptunium dioxide (NpO:) transmutation rod is introduced to design 10 schemes
where transmutation material is putted into the first cycle core. By calculation and comparing the
effective multiplication factor (K.s), the added quality of neptunium dioxide and the changing ex-
tent to make the core reach the critical again, the result shows that the scheme where neptunium
dioxide coating is putted in the fuel enrichment 4.45% of the core has advantages. This paper
analyzes the scheme and optimized.
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Table 1. The content of MA nuclides in spent fuel
F L MARZERASEZ BRI FNEE[3)

P33 Tuola m/(kg-Gwe *-a %) Z BRREH 1 B (%)
Np-237 2.14 x 10° 13.0 0.052
Am-241 433 1.6 0.0064
Am-243 7370 3.3 0.0132
Cm-244 18.11 1.01 0.00404
Cm-245 8.53 0.04 0.00016
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Figure 1. Np-237 transmutation chain
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Figure 2. The first cycle of AP1000 core
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Figure 3. The neutron spectrum of AP1000 core
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Table 2. The main parameters of AP1000 core
5z 2. AP1000 HERFEESH (9]

SH B
HREAIE(MW) 3000
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S ETR O 157
U-235 542 (%) 2.35, 3.40, 4.45
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f5E4ME(mm) 9.5
0,52 )% B (mm) 0.57
Fe i (mm) 12
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FIORE i o (R 96.084
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Table 3. The size of neptunium dioxide coating

3 ZEWERERY

St i itk
BAREG P42 (mm) 4,095 3.995
BRI 52 9 4% (mm) 4.18 4.18
POEHEL5E4ME (mm) 475 4.75
2 JELFE (mm) 0.1

Table 4. Distribution patterns of neptunium dioxide transmutation rods
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Figure 5. Fuel assembly
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Figure 6. Transmutation rods distribution patterns in fuel
assemblies of scheme 8
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Figure 7. Transmutation rods distribution patterns in fuel
assemblies of scheme 9
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Figure 8. Transmutation rods distribution patterns in fuel
assemblies of scheme 10

8 7% 10 AHPETHHE

Table 5. Effects after adding transmutation rods to the core

3% 5. MANETEEX TR

WL AL () Kest JiEN07°
BT R R A 4.985 0.69114 1.0563
(X 35k 1 2P BT R A 2 A 1.683 0.91307 1.4516
(X 35k 2 L0 T IR A 1 AR 1.607 0.92336 1.4213
(X 358 3 LA FTA R FE I R 10 AR e 1.607 0.98517 1.0563
DX 1 A0 2 AR A MR 2 S A e 3.334 0.87861 1.6403
(X358 10 3 AR A MR R A S AR 3.334 0.82208 1.0241
(X358 2 1 3 AR TR MR A AR 3.302 0.82213 0.9610
JITAT AL A 4 A e 5 XA L 2.492 0.81177 1.1022
B A P 11 x 11 ARKR R R A 2.039 0.85032 0.9000
B ALAE SR L B 1A 2.945 0.81209 1.2250

Table 6. Fuel enrichment to make core return to the criticality

F 6 WOEMIRFHMNERE

HE Rt SRR R e BRI (%) (5 A k)
X% 1 X &% 2 X1 3
X35 3 A AF BTG RS 2 L AR 2.35(2.35) 3.40 (3.40) 4.55 (4.45)
X35 1 A1 2 LA A AR 0 2 A s 4.2 (2.35) 4.8 (3.40) 5 (4.45)
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M 6 TR, 6T IX 4k 3 LA A R R AR R e e T R, R I 3 I s AR M 4.45 4t
F) 455, B7F 0.1, SUBECNFEIREN 2%. AT X 1R 2 A FTA R R R AR, B X R
AR E ] 78%, 41%F1 12%., ARFRAER K, FMEIATVL T D U A Wi R, oy
FAATHL,

R LR, BAETT RN 3 AR ITA AR & AR R . AP1000 HMESSEA RS & 96.084 T,
KPR S AR AR R RS T 1.672%.

2 RS BIXFP5 Z AR AR R AT o LU R s, S HEC 2 Ak RE AR R R R, PR X SRR
W AT EGE, WAt AN =M R, W 7 iR, ik MCNP F2 5 11 5159 H R0 5 52 (10 200 58 R
T, ISR AT R AU R, I T R,

e 7 WLLEH, =805 RE RU8E N T 5 X 3 BTE 4L A R R IR E R R, N
TAE A AR SRR TR E BN T 19 B X RS IR I AR 1 H 1, BT LU EUX IR, 3 BT ARk
P R AR W A8 SUAT X AT 6, X5 S A AR T B R ST 1) 0.869%.

E 9 4 T BT B B Ak T 58 DA R HE T EHES IR I AR 1R Th A A, I8 LA R IR TR
B Np-237 B D2 K2 1.2033, #3AI Np-237 J5 D)2+ 2.1271, St s S0 D 280 ] 7 L &
HETZ AT L Np-237 [ It Thae =28 7 ASFIISZm[12] . O T AP A il i, 0T DUOd i 78 MO 20 1
HH R SN A MR 0 7 VR R A, X AR S BB L 1 A 2

Table 7. Effects to core of the improved schemes

7= 7. IR RIHES RN

Ti% AR T () R T
X35 3 A LA RR R R A e 38 XA B 0.835 0.98527
X3 3 FTA 4L P 11 x 11 ARIR RIS L A 0.675 0.98615
X5 3 JiT AT LA SR R S B A b 0.975 0.98431
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0.1806 |0.1344 e
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0.9444 [1.0675 | 0.9536 | 1.0409 | 0.8090 (0.7850
12110 [1.3252 | 1.0277| 0.9216 | 0.5412 | 0.2886
10376 | 0.9349 | 1.0918 | 0.9461 | 1.0801 |1.2033 | 0.8255
16889 [ 1.4998 | 1.5731 11649 | 0.9496 |0.4863 |0.1992
0.9663 [1.0995 | 0.9757 | 1.1270 | 1.0213 | 1.1946 | 1.1776
1.8263 [2.0120 | 1.6161 | 1.5892 | 1.0807 |0.7354 | 0.3376
10619 [0.9762 | 1.1422 0.9929 | 1.1485 | 1.0257 | 1.2005 |0.7654
2.1231 |1.9064 | 1.9932 | 1.4871|1.3095 [0.7505 | 0.3819 |0.1393
0.9924 |1.1000 | 1.0131 | 1.0780| 1.0164 | 1.1215 | 0.9816 |0.9436
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Figure 9. Power peak factor distribution of assemblies
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5. &

ASCH A MCNP #2748 2 AP1000 HESEAY, SRAH A MBIREMBT T, Wit 2 Minmir £,
I AT AT R A ) ARTHESS keff 520, S HZ50WTR:

1) W F A EA R W, SR E, HES T R AR RSP TRk E R A 2.38
mm, N T AE T RIRRE SV B RE, JEEEAERR RS BIA I 0.1 mm 1) AL IR 2 A EAR
s

2) W TIEASMEEHES I E, ARG 10 FORFIR T %, S v B T S AR IR
EAE RONAER F, DA R f L [ AT A M O FE R, SR ENE AP1000 PR IAHE SRR B AR N
4.45% X 35 B A BORHER TR I — AR IR B I T RAE NI IE A D7 2, X R 7 b ZERAGE I TR
AP1000 HEEAREE T FE 1Y 1.672%.

3) JEII XA TT RSk, BRARE AR AR HE S A PERE MR, JEHL APL1000 T IS FAHE SRR &
BEFEN 4.45% DX 38T IRBHEL A R R H s RN B AR B A8 SUAT B X b 7 AR MR A T 5, XMy & —
AR TR 5 AP1000 HE AL EL i & 1) 0.869%.
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