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Fuel Cycle Cost Evaluation to Burnable Absorber and Feed
Assemblies
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Abstract

The comparative analysis of fuel cycle cost for 16 equilibrium cores was performed to
evaluate the fuel cycle cost depending on the combination of four different types of burnable
absorbers (BAs) and feed assemblies for 18 month cycle operation of Westinghouse type
3-loop plant using 17X17 Vantage bH fuel. The BAs considered are IFBA, Gadolinia, Erbia,
and WABA and four cases of number of feed assemblies are 56, 60, 64, and 68. The optimal
and practical combination of BA and number of feed assemblies is proposed.

The optimum equilibrium core loading patterns for 16 cases were generated by using
self-generating method and core design characteristics and the fuel cycle cost were evaluated
for each loading pattern. The cycle lengths for all the cases were fixed as 480 EPFD to
exclude effect of capital cost. Uranium ore cost, conversion cost, enrichment cost, fabrication
cost, and back-end cycle cost were considered to evaluate fuel cycle cost. When considering
the front-end cycle cost only, with the assumption of 8% discount rate, the 60 feed
assemblies with using WABA case shows best result from the economic viewpoint. But the
cost differences among the cases of using WABA, IFBA, and Gadolinia were negligible. And
it was founded that the major factor for fuel cycle cost is BA price. In view of the core
design characterisics, IFBA and Erbia were found to be more flexible than WABA and
Gadolinia.
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[3% 1] =AAA AlgkA|
s & A gk A] Hl 51
Fiu < 1.528 D bank 4% A% E3
Peak Rod Burnup < 60,000 MWD/MTU
BOC Boron Concentration < 2,100 PPM HFP, NO Xe
BOC MTC < 9 pem/TC H7P
[E 2] AAYESY 54
AR EFETE WABA IFBA Gadolinia Erbia
Material B4C ZrBy Gd203 Er:03
Poison Content - 2.53 mg/inch 9w/o 2w/o
Number of Poison | 4, 8, 12, 16, 20, | 16, 32, 48, 64, 4812 16. 20 16, 32, 48, 64,
Rods 24 80, 104, 128 156 ~ 7 7 77 80, 104, 128, 156
6 inch | 6 inch | 120 inch . 6inch | 6 inch
Natural U | Enriched U Enriched U + Poison Enriched U | Natural U
IFBA, ERBIA
6 inch 6 inch 120 inch 6 inch 6 inch
Top Bottom
Natural U | Enriched U 1.8 w/o U + Poison Enriched U | Natural U
Gadolinia
12 inch 120 inch 12 inch
Top [
7r AlLO; + B4C /r




24
(1,7)]1(5,6)16.3)]4,5)](36)|| F |[4,6)][(5,5)
24 24
5,016 F ||@5))| F |[|[@7)] F |[[(35)
24 24 24
63| F ||B4)] F [[B2] F ||26)
24 24
@n|@en| F ||43)] F F 11(1.5)
24 24
30| F ||23)] F ||6,4)]|1.2)
24 24
F I|(72)]| F F 11(1,3)
BP#
46| F ||62)]1.4) Shuffle | Once
BP#
(5,5)]|(2,2) Shuffe| Twice

[29 2] LP for 60 Feed with WABA

1t 2 3 4 5 6 8
20 12
(1,2]0.2]|(1,4]] F ||{B2]|5BS5)] F ||25)
20 20 |4
(1723 F |[26)||27]| F || F ||(16)
20 16
(14)|| F [|45)|46)6.3)]| F |[(34)
20 20 ||4
F 6264|649 F || F |15
20 |8
(321(7.2)]|36)|| F || F ||(35)
20 (16 |4
G5 F || F || F |[63)
12 |4 BP#
F || F 4352 Shuffe| Once
BP#
2.5)](2.2) Shuffle| Twice

[z298 4] LP for 60 Feed with Gadolinia

(1,9)](B.2)]|26)|| F |[1.7]@3)] F [|(1.2)

104 104 ||32

104 |64 ||48
@3 F || F | F |[(63)
48 |32 BP#
F F 114.3)|[(2.2) Shufle| Once
BP#
(1,2)||4,2) Shuffle | Twice

[72¥] 3] LP for 60 Feed with IFBA

(1.2)][4.5]|(1.4)] F ||(659] (17| F ||(1.5

104 128 |32

104 80
(14| F ][26)4.6)]63)] F |(E4)
128 104 |16
F |123)][64)6.2)] F F |22
104 ||48

128 |80 |16
anll F Il F |l F |[25)
48 |32 BP#
F || F |l43)](6.1) Shuffe| Once
BP#
(1.5)]|(3.5) Shuffle | Twice

[x9 5] LP for 60 Feed with Erbia



AA B4 1@
z 8 IFBA WABA Gadolinia Erbia
Naas | 56 | 60 63 | 56 |60 | 64685660 64] 68
A1 FEE - I _ o
(T N asts | 4584 | 4308 49555115 | 4810 | 4575 | 4410|5050 | 4813 | 4620 | 4470
AF 535 |
T | 4503 | 4264 | 408 3,962 4565 | 4349 | 4156|4016 | 4600 | 4.474 | 4207 | 4.150
g_?g(v% 0740 | 0740 | 0740 0740( 0.740 | 0740 | 0.740 {0740 0.740 | 0740 | 0.740 | 0.740
3
72’(2];])@ 68 | 68 68 68 | 68 | 63 | 63 | 68 | 68 | 68
=17
(M};VQ/ZK—&"T]U) 18385 | 18385 | 18385 18385 18460 | 18450 | 18445 18444| 18480 | 18468 | 18468 | 18479
EFPD | 480 | 480 480 | 480 | 480 | 480 | 480 | 480 | 480 | 480 | 480
b=
(;ﬁfﬁ% 51544 48107 | 45101 1044851754 | 48278 | 45248| 42584151810 | 48325 | 45304 | 42665
o a1 of
T?Kz) ¢ | 70a51 | 72451 | Tos51 70451 | 72145 | 72181 | 72207 | 72200 72088 | 72196 | 72123 | 72081
(E“EET[» 4608 | 4544 | 4160 1024 | 848 | 832 | 784 | 784 | 4598 | 4608 | 4992 | 5408
BP EA4 égf;ﬁ] I%l;i g/ - 119w/0 | 9w/o | 9w/o | 9w/o | 2w/o | 2w/o | 2w/o | 2w/0
obd Q1A HlxL
z IFBA Gadolinia Erbia
Adez | 56 | 60 | 64 63 60 | 64 | 63 | 56 | 60 | 64 | 8
7712 SDM Y13 9991 4592 | 4.110 4927 4392|4573 | 4783 395 | 377 | 409 | 397
(%A p) . o . . o o . . . . .
= |0
T%i?M 2.81013.188 | 2.495 2923 3273(3474| 3364 255 | 274 | 290 | 281
Max, FdH | 1523|1469 | 1.497 1476 | 1.640| 1513 | 1.473 | 1.482 [ 1542 | 1.492 | 1.485 | 1.468
T2 MIC| 150 | 0,97 | 1.47 117 030 | 134 | 164 183 | 1.04 | 092 | 1.27
(DCHl/F) o . " . o o . o . . .
Z 7] uk
MTTC?J; " ~3887|-38.22 3820 ~3953|-3881|-3812] - |-39.19]-38.80| 3835
EOL PERL ) 1671 0.451 | 0.4 4 460(0.487| 0,497 0386 | 0.437 | 0.449 | 0.481
Do 0467 | 0.451 | 0.475 0.469 0.4600.487| 0.497 0386 | 0.437 | 0449 | 0.
e 544
ot 1z | 12 | o 134 N
Bogpﬁzp 9970 | 2264 | 2268 2243 2955 | 2263 | 2233 | 2423 | 2327 | 2237 | 2170
N%%E%A 2023 | 2032 | 2054 2024 | 2013 | 2023 | 2048 | 2030 | 2179 | 2100 | 2021 | 1962
PBejfmﬁff 61308|59716 59532 59508 59847|50707| 5878359755 | 58888 | 56460 56772




[3 5] 44

€

A7t 1% @t

g = 7t A bl 3
A2 (Us0g) 33.7 $/kgU
w3 64 $/kgU
EEEER » e
% 107 $/SWU
Y7 2872 $/kgU
o3 ¥ 5 I3
gz AL-8 %ﬂfi{% 200 $/kgU ?ﬂL i 10
AETAT AR 400 $/kgU A5 10
IFBA 360 $/pin Fawd 9
HARETE WABA 1,250 $/pin
7}3-1] Gadolinia 1100 $/pin
Erbia 110 $/pin ZaEd 9
o2& 8.0 %/yr
[3% 6] A F7]H|
25 IFBA WABA Gadolinia Erbia
Ao gs 5 | 60| 64|68 60 | 64|68 56|60|64]68][56]60] 64
BP 72 [0.194]0.189(0.171]0.162] 0.153|0.149] 0.145(0.110]0.105]0.098] 0.098]0.058 | 0.058 | 0.063
Az | .- -
(Bpale]) |43 4524{4557 (4584|4543 | 4563 46194 6344604 4617|4672|4723| 4725 4761
NN PETEET
(mills/KWH)| " ooy 4737 [AT13]4728(4.746) 4696 4712 4764|4.744|4709|4 715 4770|781 | 4783 4824
37714 10.472(0.511(0551(0.591] 0511 [0.551|0.591(0.470[0.510{0.550[0.589] 0.469|0.510{0.548
29027184 [5.209(5.224(5.279(5.337]5.207 5.263| 5.355(5.213|5.219[5.265|5.359] 5.244 |5.292|5.371
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4.90 T T T
4.9 T T T i v
Without BP cost With BP cost
ini v 4.85
~ —A— Godolinia I~
g 4.8 —v— Erbia T 2
4
3 3
2 / % 480
£ v < v
4.7 4 @ A
8 N 3 .
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S R S =
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T 4.6 A— i T — —
g E | - m— IFBA
z .%l 2 4.70 . e waBA
" '7 —4— Godolinia
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4.5 T T T 4.65 T T T
54 58 62 66 70 54 58 62 66
Number of Feed FA Number of Feed FA
2] A 8l 8l == 3l 3l == S
(% 8] A& =F711 (BPA <)) [719 9] A 3571 (BPEF
5.5 T T T T
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5.1 T T T T
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Number of Feed FA
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