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Abstract

The radiation hazard of minor actinides (MA nuclides) in spent fuel cannot eliminate until tens of
thousands of years’ decay. Partitioning and Transmutation technology (P&T) is a method to elim-
inate MA nuclides’ radioactive hazard. By loading into the operating nuclear reactor, MA nuclides
separated from the spent fuel are transmuted to short-lived nuclides or stable nuclides. Fast reac-
tor is efficient and mature neutron source for transmuting MA nuclides. We build a simulation
model of fast reactor by MCNP code to study the effects on effective multiplication factor (Keq)
caused by the addition of MA nuclides and to compare different loading amounts and different
nuclides include 237Np, 241Am, 243Am, 244Cm, 245Cm and the mixture of MA nuclides above (MA mix-
ture). Results show that the addition of 237Np, 241Am, 243Am and MA mixture can cause a decrease
of Kesr, while the addition of 244Cm and 245Cm boost the K. instead, and the effects on effective mul-
tiplication factor (Kker) of the reactor core enhance with the raising of MA loading amount, which
threatens the safety of the reactor, thus, we consider the minimum amount as the best loading
amount. Simulation results of neutron flux show that the minimum loading amount of MA barely
affects the neutron flux, which is a advantage to transmute MA nuclides in fast reactor.
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fai Rk LLFP)FIVH 2 4% 2 (Minor Actinides, fii#k MA, TZAAHE: *'Np. *'Am. **Am. 2*Cm Hi1 *>Cm)
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Table 1. Cross section and capture-to-fission ratio of main nuclides in thermal reactor and fast reactor [9] [13]
F 1. WS EERREHERIRE P Z R R FFIRZLLTEE[9] [13]

(¥
oi/barn oc/barn o o/barn o./barn o

25y 21.9 6.19 0.283 2 0.564 0.282
28y 0.119 0.866 7.277 0.044 0.299 6.795
#5py 2.07 15.1 7.295 1.03 0.663 0.644
9Py 45.8 25.2 0.55 1.85 0.514 0.278
#0py 0.65 41.8 64.31 0.372 0.405 1.089
#1py 52.4 17.4 0.332 2.63 0.59 0.224
#2py 0.492 19.0 38.62 0.263 0.572 2175
%Np 0.52 33 63.46 0.32 1.7 5.313
#1Am 1.1 110 100 0.27 2.0 7.407
BAm 0.44 49 111.4 0.21 1.8 8571
#4Cm 1.0 16 16 0.42 0.6 1.429
#5Cm 116 17 0.147 5.1 0.9 0.176

JAE 25 T FRFIUASE 1) FAHE P A 1) MA A% 3R [10]

WE L FR, E8 MABROABBIH AL 220 K, MA BRI R GEIX 1280 B 5 e R
BT REIE I BT AR ERHE R AR MA %3R5, (RBE DX IR R P2 H K 20, mrRe R 80H
PRHE ) T RG2S AR [11]

WE L FR, EE MAZRNABBIH AL 220 K, MA BRI R GEIX 12480 B 5 R R
BT REIE . BT AR ERHE R AR MA %3R5, (RBE DX IR P2 H K 20, mrRe R 80H 3,
PRHE ) T RG2S AR [11]

3. RIEETHETIR T

ARSCHF MCNP F2 7 2 37 AR 18 AR BRI 5T MA KL RN ARHE TG Kere BT 718 522 B2 43 A1 1R 2 AL o

PRAEHES HRRHAAE . FRAEXAEAE FEbbe . R AL R v 00 S AL A, RS B HES
BRRHA AR A X AR AR S G540 [12], HHERSSE M ] 2 Fis o IX P45 14 R 7 A4 B8 e P 386 B EL IRk )>
By R 5, HESRA R SRR R, SRR R aE eS8 R =AM,
KRR HE D R o« ORI AR P AR X 2 A A B N 1] 3 Fos o RRLER IR & UO,-PO, KL, MOX
BRI RS S N3 2 FioR. TERRRLEH R 77350 KR U0, R AR DX ORI T 30 TE, MR 454
WiE 4 fioso

4, RIEET MA Z%E
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Figure 1. Fission cross section of fuel nuclides and MA nuclides
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Figure 2. Configuration of the core
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Figure 3. Radial schematics of a fuel assembly and a blanket assembly
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Figure 4. Axial schematics of a fuel rod
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Table 2. Constituent of MOX fuel [1]
3% 2. MOX BARIRR 43 [1]

MOX Hfy4l UO, MOX Hf1%f PUO, Uy 238py/=°pu/2%PuPPu/**?Pu

76.3% 23.7% 0.0072/0.9928 0.04/0.544/0.228/0.118/0.07
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Figure 5. Axial schematics of a transmutation rod
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Figure 6. Five different transmutation rod distribution patterns in fuel assembly
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Table 3. The ratio of each MA nuclide in the spent fuel of PWR
= 3. EAKHEZ KR MA #ZRRIEE B

MA %% “Np 1AM 3Am #4Ccm #5Cm
Lt 4511% 56.2 26.4 12 5.12 0.28
Table 4. The density of core material
4 HWTHMREE
g %"Np #Am 23Am 244Cm #5Cm MOX BA MA
i lglem® 20.25 11.7 13.69 13,51 13.52 11.075 15.40

©



B
i
4

Table 5. The loading amount and the ratio of loading amount of MA nuclides and MOX
= 5. MA #Z R MOX #RRHE # 2 (ko) F R ELL(MA/MOX)

MA % TE— THEZ HE= 75 %Y TET
MOX k4 & 8643.578 8403.478 7923.279 7202.981 6242.584
1 P 73.168 512.176 1390.192 2707.215 4463.247

RE L 0.008465 0.060948 0.175457 0.375847 0.714969
. R E 42.275 295.924 803.222 1564.169 2578.765
Ji L 0.004891 0.035215 0.101375 0.217156 0.413093
son R 49.465 346.256 939.838 1830.211 3017.375
J b 0.005723 0.041204 0.118618 0.254091 0.483354
. B 48.815 341.704 927.481 1806.147 2977.702
it 0.005648 0.040662 0.117058 0.250750 0.476999
e HE 48.851 341.956 928.167 1807.484 2979.906
FRE 0.005652 0.040692 0.117145 0.250936 0.477352
B3 55.644 389.507 1057.232 2058.821 3394.272
RE MA
JR L 0.006438 0.046351 0.133434 0.285829 0.543730

Table 6. ke after adding different MA nuclides to the fast reactor
6. MARE MA #ZRIEBEHRIRHER Ko

N T~ TE g = J5 %Y VS0
T MA 1.00072
ZNp 0.99672 0.97865 0.96070 0.95495 0.96813
#Am 0.99764 0.97923 0.95371 0.93062 0.91947
#3pam 0.99719 0.97557 0.94310 0.90804 0.87783
#4Cm 1.00321 1.01762 1.04803 1.09117 1.14743
#5Cm 1.03223 1.20151 1.46666 1.76353 2.04961
BE MA 0.99665 0.97804 0.95309 0.93682 0.93588

MA % E AT Ko (038 1L, TS B HORRUE (i 25 K fR FR 72 0.0003 247 . WNEHRATLLE L, ARFEEK MA
BN ket FIEZMAANAD . AU 2'Np. 2PAm. 28Am FHE A MA B R EAREAE Kege 45 A [FIFLE (I FRAR,
A 2Cm H 2°Cm AR FKEAE Kere THF o

K7 7R T ANTE] MARZZ XS et IR RE A AR B2 (1 25 3 A S B MA K% 32 3R RN, Kege (AR AL
TERRAR ke J7THT, BEEZEERE MG, *PAM 51 ke AR TR, 2Am Kz, FHIRES MA,
ZINp fH Kege BRI . B 2P Am. 2PAm TR A MA FIZEEE MG, ke 2R TR S, BT 2MAm,
2BAm FEA MA FIZEBER, HEE ke IR Z . TIBEE 2'Np IZEBE MG, ke JCPRIK, BE)S
NP ETE e R UEAAEE— I AR, 245 RS I I A, 2 Np S B B I AN £ 4k 8 [ A o
O Ketre TETHE ket JTH, BEEZEEEMIIEIN, 25Cm 18 ke BIZUITHE, ML S, 24Cm HAE ke 500
3G .

BB B el MA B RIEAREZ G, MA B3R DLCEATHI SR VAN REAL 7= et Js Nz HE P v -1
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Figure 7. The variation of ke of fast reactor along with the loading amount
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I3, HIX S ke B E 5L

AR, DB R EAKSEF TN 1% G MA K, K FEIKE 0.98634 [6]. W% 5
gz 6 nfLLE W, [FIRER A RHME 2800 2.39%18 & MA % BB HE, ke R F43] 0.99789, X MA #%
TR PRHEHE SR RE 52 LU R/, R IRMEE AR MA X R RIS IR AR (1 45

& MCNP 25 AR o MOX AL 312 2 I U491 %2 MOX #RKLH PuO, (8 &, {1 s B HE
HHERNE A, BIEIA MA B3RS DL TAE ke FHTEIR) 10 4550014 8 .

T 2%Pu G & TN T 20U, G0 SRR R 239Pu (1 B e 2 ) P HE S I 22 R P TR
FEURNHEREEHIR A, # MOX #ARLH PuO, M & EAREEIL 40%. B4 8 WK1, JoilfiMkF 77 A T
S5 3 HE T[4 1 FERAS A MOX R PuO, (8 Bl it 40%. (HEIMEAE 2%Pu F1 250 (S BNE, WA
BEAE TR = DU, FLAHEEE A5 5

4.4. MA BRI HEE o FE B % E R

HESIIAN MA BRSO, HACHEBOR, XTHES R . 258 AHEC R FE Al
MA 2= 0 BRI, BRATAATTE— FRREG MA ZRAERINT R 25Tk s R mJr
T MA XIS Dot HEES B 15 FN4% [r) Hh 10 5 85 52 () 82

MCNP /5 TH il I 2 — b s AR T 0L, BRI S it 8, Dasi &
ORI R A HEOP X R CRAR R TR F e 500 198 MeV,  IH— b PR~ RI AL a] A
RGN L) P il 3R B REL

1J/s 1 MeV 1fission
1w ><1.602x10’13 J ><198 MeV

ZRGIINHIKF T 970 MeV,  FRHRERAL LR 780 2.5942, 5 kerr = 1, AR 2.5942
AMEF RS R A IREA . MZRGA— T
3.152625x10™ x970x10° x 2.5942 = 7.9332x 10" neutron/s

=3.152625x10" fission/W -s

Table 7. The fission cross section and capture-to-fission ratio of main nuclides of transmutation fast reactor core
F 7 REEBTHSTERRNRTHEMERAETL

MA 1% 2 ZINp Am #Am 2Cm 5Cm BE MA MOX
oif/barn 0.32 0.27 0.21 0.42 5.1 0.31 0.39
a 5.313 7.407 8.571 1.429 0.176 5.551 0.896

Table 8. Mass faction of PuO, in MOX fuel when reactor core returning to criticality

= 8. R EEIEAE MOX #hklth PUO, B 8 (%)

MA % Ti%— HER HE= 75 %0 ESD
¥ MA 23.7
Np-237 23.8(0.99894) 24.7(0.99956) 25.8(0.99928) 26.6(1.00112) 26.2(0.99937)
Am-241 23.8(0.99979) 24.7(1.00061) 26.1(1.00044) 27.7(0.99985) 29.3(0.99986)
Am-243 23.8(0.99879) 24.8(0.99950) 26.6(0.99983) 29(0.99934) 32.1(1.00067)
Cm-244 23.5(0.99888) 22.9(1.00064) 21.3(0.99955) 18.7(1.00084) 14.2(1.00017)
Cm-245 22.2(1.00030) 12.9(1.00091) / / /
BE MA 23.8(0.99912) 24.7(0.99948) 26.1(1.00058) 27.5(1.00039) 28.3(0.99771)
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Figure 8. The neutron flux of reactor core with and without MA nuclides
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