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Study on evaluation of nuclear fuel cycle performance
for KALIMER core design
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Abstract

Three core design of KALIMER is evaluated by applying performance index about nuclear
fuel breeding, non-proliferation resistance, radiotoxicity of spent fuel. It is difficult to select
best nuclear fuel, because each evaluated items have different superiority. Therefore, in this
study, G-value(Global efficient index) is introduced with weighting factor of each efficiency.
3-type of KALIMER core design is compared by G-value in the several cases.
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3. 9dw AHs HJ}

31 dm T2 5 AT HIF A

AR A U-233, Pu-239, Pu-2415¢ g4 542 TH-232, U-238, Pu-2405 7% 22 9
AmA Bdo FAAE THFonA AR FAng de ¢ AL £4 ddw
FTAdozA 7] AAA AFTEY EEHHY A4 F WEHE I 2% B2 AS
sty AREAd 2He AAY &A2EES UehE HE=2A oldet 22 24 &(Breading
Ratio,BR) &< 738 (Conversion ratio, CR)-S =2 A}-& 3t}

__Rate at which fissile isotope is produced
BR = - (1)

Rate at which fissile isotope is destroyed

CR Total fissile material production rate

= Total fissile material consumption rate @)

ey BR#ZF CRE Aol whel Wsh7] witod 490 mepA $2 & A3A7| = A=
AASEES dHE & 7] "o A7z ste] AR SA4S BoF7] f& dAidd &4
Z o W3} H¥]8(Overall Fissile Inventory Ratio, FIR)Z} &G4 &3 o] 5 (Fissile Gain, FG)&
Abgete] dldm FAEAES HUbs A

Fissile fuel amount at the end of a refueling period
Initial fissile amount

FIR = (3)

Discharged fissile amount — Feed fissile amount
Feed fissile amount

FG = (4)

¥ 2. KALIMER 24 &4 19y 54 Z3dZ9 HEHF

¢ttE 5595 =4 THEA =4 Breakeven x4l
Burnup(EFPD) 320 465 465
Feed U-235 2.774E+2 5.081E+0 7.008E+0
fissile
Pu-239 1.982E+1 2.001E+2 4.386E+2
amount
(kg) Pu-241 5.993E-3 3.799E+0 1.422E+1
Discharged| y-235 2.570E+2 4.605E+0 6.582E+0
fissile
Pu-239 3.306E+1 2.061E+2 4 400E+2
amount
(kg) Pu-241 1.387E-2 4.164E+0 1.408E+1




g w5 g&59E =4 SAEA A Breakeven X4
Byt S H] 0.67 1.05 1.03
FIR 0.98 1.03 1.00
FG -0.024 0.028 0.00
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AAZFS H7Msle AF2ZM Bare Critical Mass(BCM)E &-831%9 Y. BCM+ A18% dd=
NA FEH FFEF 2ARE FERARA AA AT Azl gt FFEF HAAT
t}. Critical Mass Valuet™ Vacuum ReflectorE 714 ZFEH T4 7 dldl MCNPZ ALFsES
o}

¥ 47 =4 2FER 24% BCM AFA

. Weapon- *2E 9598 THEA Breakeven

Nuclide Grade =4 =4 =4

Pu-238 A4 & 0.00012 0.00001 0.0062 0.011

Pu-239 44| & 0.94 0.98 0.79 0.71

Pu-240 =441 & 0.058 0.019 0.18 0.24

Pu-241 44| & 0.0035 0.00041 0.016 0.023

Pu-242 x4 & 0.00022 0.00001 0.0072 0.018

BCM (kg) 10.51 10.26 12.78 10.93

Ratio to WG 1 0.98 1.22 1.04
TeE F59% =42 BCMO 7 93 F5 Pu-239¢] xAdHEo] 98%°lgt, W-GRU}

H A& o] BOME 2=t 2254 w45 Breakeven =4l Pu-239°] Z4H &o] W-GR
o} vtolA ©f B2 BCME zH=th

H7}el= X424 Spontaneous Fission Neutron Source(SNS)E &-&
3tk SNSE AL&F %“0 ZoA 22y ZTRER ZAH|A ZTREYF DALY PEE
FAAA W& &olrt. SNSO| o3 AdE AT AFUIELe] 58S A= 840, 3
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¥ 5. Plutonium Grade®l] ™2 SNS A3

spontaneous o a1 .
) . Weapon- | $#+% 5% | 5254 |Breakeven
Nuclide fission rate
Grade Ag w4 A A
(#/g-sec)
Pu-238 2600 0.31 0.026 16.12 28.60
Pu-239 0.022 0.021 0.022 0.017 0.016
Pu-240 910 52.78 17.29 163.80 218.40
Pu-241 0.049 0.00017 0.000020 0.00078 0.0011
Pu-242 1700 0.37 0.017 12.24 30.60
A4t
= 53.48 17.36 192.18 277.62
SNS (Ba/g)
(Ba/e) ORIGEN-2 - 52.86 17.24 1829 950.2
Ve B/ | | | '
ERRER(%) = - 1.16 - 0.69 -4.83 -9.88
Ratio to WG - 1 0.32 3.59 5.19
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¥ 6. Plutonium Gradeo] W& TG A|+Z]

Specific deca
) P Y Weapon-— S s Z4Ee4 Breakeven
Nuclide heat
Grade o H A A A
(watts/kg)
Pu-238 560 0.07 0.0074 3.48 6.43
Pu-239 19 1.78 1.86 1.49 1.34
Pu-240 6.8 0.39 0.128 1.24 1.64
Pu-241 4.2 0.01 0.0017 0.067 0.095
Pu-242 0.1 0.0 6.06E-7 0.0071 0.0018
5= A Ak
ud - 2,25 201 6.29 951
TG (watts/kg)
N - 227 2.02 6.34 9.58
(W/ke) (watts/kg) ' ' ’ '
ERRER(%) - -1.33 0.498 0.795 0.736
Ratio to WG - 1 0.893 2.795 4.227
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13 2. Breakeven

Time (yr)
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REBUS code?] 94 Ab&d 9l

Z+skar, W2k 7) (Half-life time) 7} 1d o] 49 & go] thah Axke 3k
1.00E+012
I\.\.
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@ n
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0.00E+000 — n n
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Time (yr)
1% 3. Breakeven 249 WAL 54
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3 7. KALIMER®] WA =4 254

4w 598 =4 SHAEA =4 Breakeven 4]
Short-term 1.012E+11 6.69E+12 6.96E+12
Long-term 7.70E+11 5.91E+13 3.68E+13




[l Short-term Radiotoxicity
[ Long-term Radiotoxicity

Rediotoxicity
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G—value = Z}W,[fl;wfw] 5)

where Wi = weighting factor of index type i,
fi = value of index type 1,

fi, = base value of index type i

Gvalues 24 37k 329 A85E AFA9 498 2 B {457 gaME Feaa
HEA AL ReHor Basth B ERdAE Govale BARAE AAH, A 44,
WA SA Bdo Adstn Brlehac
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o] Breakeven =A% 7|22 WY F4E =
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¥ 8. G-value H7}

O ] o LA
Index Breakeven Al Tj-;‘;;,—' ZAEA A
FIR 1.00 0.98 1.03
BCM (kg) 10.93 10.26 12.78
SNS (Ba/g) 250.2 17.24 1829
TG (W/kg) 9.58 2.02 6.34
Is 6.96E+12 1.012E+11 6.69E+12
Ip 3.68E+13 7.70E+11 591E+13
73 A A 0.0 -0.33 0.045
G-value | &4 434 0.0 -0.56 -0.025
HIALAY A 0.0 0.47 -0.40
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