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A Feasibility Study of 900MWt, Lead-Alloy Cooled Core Design with
The Enriched Nitride Fuel
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Abstract

In this work, a feasibility study of 900MWt, lead-alloy cooled core design
with the enriched nitride fuel is performed. The core is designed so that its
conversion ratio without blanket assemblies is slightly larger than unity to
minimize the amount of the excess fissile materials and thus, there is no need
to feed externally the fissile materials. Furthermore, the core is designed to
consist of the single enriched fuel rods. In order to flatten the power distribution
under the single enrichment of fuel, combinatorial use of B4C tie rods and
vacancy tie rods are considered here. In comparison with the previous design
with the natural nitrogen fuel, the core height is increased to 120cm while the
fuel rod diameter is decreased to increase the coolant volume fraction. The use
of enriched nitrogen fuel and the increased core height make it possible for the
conversion ratio to be increased in spite of the increase of the coolant volume
fraction. Due to the increase of the conversion ratio, the cycle length is
extended to 465 effective full power days.
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Mol Aoyge] Ao AAAsAS A4 A9 2ol =A4HAE AqH
A (USS) IME =4dsdel fAAA17]1a, USSe] B %82 Scram Compensator
(SC) 24709} Ao o3k W& w9} cold-to-hot WHEEZE BASH7] Y3+ 24719
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T e AAANA
A A A AL 2 A A
d== (MWt) 900
FaxAi=e] (cm, cold) 120
7t~Zdd 4ol (ecm, cold) 120
AsH 97 (ecm) 0.85
A5E IHHEAFA (cm) 0.057
Tie % €74 (cm) 0.92
Tie & 354 F7 (cm) 0.057
A2+ P/D H] 1.46
AFAY F 55 217
A7 3+4 (em) 0.32
HAEA A (ecm, cold) 18.365
AS/YZA/FZ2A F9)4]
5 =4 (IC) 0.227/0.566/0.105
44 (MO) 0.235/0.568/0.105
2] F- =4 (0OC) 0.258/0.574/0.104
A&A 4 (IC/MC/0C) 48/72/78
HAEFADG tie 57 (FF5x%F) IC/MC/OC) 37/31/13
AgAG A58 (IC/MC/OC) 180/186/204
AEFAD T8 (IC/MC/OC) 6/0/0
A 289U % (Wee, hot/cold) 120.5/130
AT dE9dE (W/em, hot/cold) 185.9/197.6
7|4 o] (EFPDs) 450
TRU S AH] (BOEC, wt%) 16.5
Hj 214 (IC/MC/OC) 5/5/5
B-10 =% (wt%, IC/MC/OC) 43/-/-
EA T ZA) HT-9
Ao & A5 (USS/SC/RC) 1/24/24
Aol -0 A A H] (%, BAC/YZA/TZA)
Uuss 85/5/10
SC 50/10/20
RC 0/0/20
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AotAngdm=aol vleiA vtE=77F S7Hee & 5 e ole $Y=A
A s7E ddA ez Srbsta o5=i el JAs7E 24y eez ddd
SR :AliEole] FUIE o) AR Agyoziet AzZbdr EE N-149 n3
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DA/ NF/ S/ F = (F71 %) 1.0174/0.9980/1.0119/1.0376

A A/ NH/7 /2 F =4 (52713 1) | 1.0004/0.9858/0.9930/1.0199
AALHS =7 (pem) +192
HEdA AT (MWD/kg)

A A/ N/ /2] H =4 90.2/102.1/103.8/72.3
AFHEdAE (MWD/kg)

W5/ 5/ 5 A 131.9/134.0/1185

TRU - AlM](wt%)

DA/ N/ 5/ F = (F71 %) 16.45/16.53/16.57/16.31

DA/ NF/ S/ F =] (F71E) 16.79/16.86/16.94/16.64
PU FAH] (wt%)

DA/ N/ 5/ F A (F71 %) 15.82/15.89/15.94/15.68

DA/ NF/ S/ F = (F71E) 16.16/16.22/16.31/16.00
Fissile & AlH] (wt%)

AA/ N/ S/ F = (F71 %) 10.36/10.42/10.44/10.26

DA/ NF/ S/ F = (F71E) 10.58/10.63/10.68/10.46
Fissile PU # (kg)

DA/ N/ 5/ F = (F71 %) 2170/493/767/911

AA/ N/ S/ F = (F71E) 2173/492/767/915
ARFFHE dFHF (kg)

U-235 0.828

U-238 418.6
HaAEEdE (W/em)

DA/ N/ S/ F = (F71 % 185.9/206.9/214.2/150.6

)
AA/ N/ S/ F A (F71 ) 185.9/213.8/212.8/148.1
HZeEdE (W/ee)

A/ N/ S/ AR = (F7] %) 120.5/126.0/134.8/103.9
A/ W/ /2= (F7E) 120.5/130.2/133.8/102.2
3AH <4 (BOEC/EOEC) 1.438/1.436

AT uEZAA ZFA2 (n/emd) 3.99E+23




%2 =45 F4 A9 (A%
A EA AR A1

APA =L = (W/em)

W/ F g/ (F7]1%) 271.9/275.4/246.6

Wi/ T/ 54 (F71E) 271.3/275.1/241.9
A F4 A% (10E+15n/cm’sec)

Y5/ Td/5F A (71 %) 3.266/3.306/2.928

Wi/ T/ 5 =4 (F71E) 3.294/3.330/2.886
Y8 s

Y5/ Td/d5F A (71 %) 0.251/0.404/0.337

Wi/ T/ 54 (F71E) 0.260/0.401/0.332
A EEEE AF¢A HoAdEEd e

Y5/ T/ 5F A (71 %) 263.3/271.0/219.0

Wi/ T/ 54 (F71E) 265.5/268.6/214.3
HAEEE e 1A 9 stage factor

Y5/ Td/d5F A (71 %) 1.0139/1.0098/1.0052

Y5/ =/ =4 (F71E) 1.0235/1.0181/1.0097

£ 3 WS EA S, WA SR, Ao B A A WGt
9544 F71% T

SEYAST (A5, dp/dT) | -4.47968E-06 | -4.36304E-06
W A 5

(dk/k)(R/dR)(pcm/%) -358 -356
ARRFYGH G5

(dk/k) (H/dH) (pem/%%)

A= -169.4 -167.4

As+72E -124.5 -122.3
27 A ($)

(FrEx=4 100%7]3})

IC +6.31 +6.42

MC +6.43 +6.33

OoC -0.48 -0.48

TC +12.67 +12.99
Bett 0.00341 0.00339
Ao Y FANEE ()

USS 2.81 3.12

SC 9.51 9.08

RC 1.62 1.56

USS+SC 14.09 14.09
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217} 0.06%, 0.04%, 1.6%, 0.06% Z7}§-th. Minor actinide (MA) &1Z9] 7o 23
wAlel A A e 115kg (0.87%) #adth 1% 3, 4 A4 F71x9 T2
AsUol TRU & FoFAv(%)E YeErAT TdoA Hzo] ZF :A4ldg oo
A TRU#Z9 AW E Sdsit)h, £ Pu-2399 Pu-2400] 60%, 30% A== A
Aol 90% JEE AA s MAE 04% 7] kol),

# 3 F71xNM TAFEF (kg)

[}

CE HMAZA  WRsA BUwA Ry

U-234 0.536E+00 1.469E+00 2.264E+00 2.804E+00
U-235 6.425E+H00 1.380E+H00 2.163E+00 2.881E+00
U-236 5.932E+00 1.348E+00 2.092E+00 2.492E+00
U-238 1.754E+04 3.954E+03 6.137E+03 7.448E+03
Total U 1.756E+04 3.958E+03 6.144E+03 7.456E+03
PU238 3.912E+01 8.817E+00 1.371E+01 1.659E+01
PU239 2.045E+03 4.641E+H02 7.219E+02 8.593E+02
PU240 1.022E+03 2.312E+H02 3.604E+H02 4.304E+02
PU241 1.249E+02 2.840E+01 4.464E+01 5.183E+01
PU242 9.346E+01 2.127E+01 3.301E+01 3.918E+01
Total Pu 3.325E+H03 7.538E+02 1.174E+03 1.397E+03
Fissile Pu 2170E+03 4.925E+H02 7.665E+02 9.111E+02
NP237 1.031E+01 2.362E+00 3.656E+00 4.294E+00
AM241 0.41764+01 1.431E+01 2.194E+01 2.792E+01
AM242M 4.609E+H00 1.054E+00 1.630E+00 1.985E+00
AM243 2.503E+01 5.690E+H00 8.838E+00 1.051E+01
CM242 2108E+H00 5.122E-01 8.188E-01 7.772E-01
CM243 2.082E-01 4.738E-02 7.653E-02 8.427E-02
CM244 1.730E+01 3.959E+H00 6.191E+00 7.152E+00
CM245 5.307E+00 1.209E+00 1.879E+00 2.220E+00
CM246 3.217E400 7.332E-01 1.136E+00 1.347E+00
Total MA 1.323E+02 2.987E+01 4.617E+01  5.629E+01

Total TRU 3.457E+03 7.837E+02 1.220E+03 1.454E+03
Total Fissile = 2.177E+03 4.930E+02 7.687E+02 9.140E+02

Total HM 2102E+04 4.742E+03 7.364E+03 8.910E+03
Fissile wf 1.086E-01 1.042E-01 1.044E-01 1.026E-01
TRU wf 1.645E-01 1.653E-01 1.657E-01 1.631E-01
FPU 8.411E+01 2172E+01 3.439E+01 2.800E+01
FPPU 5.985E+02 1.541E+02 2.432E+02 2.012E+02
FPMA 8.650E+00 2.217E+00 3.505E+00 2.927E+00
REU 2.389E+01 6.089E+00 9.618E+00 8.187E+00
REPU 1.433E+02 3.641E+01 5.734E+01 4.953E+01
REMA 2.218E+00 5.615E-01/ 8.856E-01 7.708E—-01
DUMP 1.085E01 2.635E02 4.346E02 3.865E02

Total FP 8.608E+02 2.212E+02 3.490E+02 2.907E+02
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HE A =l L& A L e |
U-234 -1.551E+00 | —2.341E+00 —2.534E+00 = —3.426E-01
U235 —1.280E+01  —1.427E+01 = —1.467E+01 | —1.090E+01
U-236 —2.023E-04 | —2.692E-01 —2217E-01 = 3.311E-01
U238 —2.386E+00  —2.645E+00 @ —2.740E+00 @ —1.958E+00
Total U —2.389E+00 | —2.648E+00 = —2.744E+00 = —1.960E+00
PU238 -8.286E-01 —1.445E+00 = —1.250E+00 | —1.529E-01
PU239 6.219E02 @ —2.636E-01 —9.642E-02 @ 3.715E-01
PU240 4168E02 @ —4.155E-01 —6.425E-02 @ 3.763E-01
PU241 1.597E+00 = 1.330E+00 1.967E+00 | 1.423E+00
pPU242 6.291E-02 | —1.165E-01 465302 @ 1.740E-01
Total Pu 1.031E-01 = —-2.598E-01 —1.750E-02 @ 4.002E-01
Fissile Pu 1.505E-01 = —1.717E-01 2.377E02 @ 4.313E-01
NP237 6.167E-02 1.405E-01 1.254E-01 | -3.507E-02
AM241 —2.921E+00 | —4.061E+00 = —4.389E+00 = —1.183E+00
AM242M 6.155E02 @ —6.702E-01 = -8.003e-01 = 1.157E+00
AM243 6.279e02 = —1.587E-01 @ 1.086E02 | 2.267E-01
CM242 2.184E+01 2.149E+01 2.13%E+01 2.256E+01
CM243 8.926E-01 6.968E-01 2.325E+H00 | —2.983E-01
CM244 1.330E+00 1.388E+00 1.828E+00 = 8.666E-01
CM245 6.331E02 = —1.837E-02 2.478E-01 | 4.811E-02
CM246 6.417E02 | —1.882E02 5.175E-02 @ 1.194E-01
Total MA —8.702E-01 | —1.435E+00 —1.463E+00 @ —8.436E-02
Total TRU = 6.580E-02 @ —3.046E-01 —7.220E02 3.814E-01
Total Fissile 1.120E-01  —2111E-01 = —1.757E-02 = 3.956E-01
Total HM —1.985E+00 —2.261E+H00 —2.301E+H00 @ —1.578E+00

E Inner core

W Midde core

[0 Outer core

e |

D oD WO

N

o

&> o Q> ! w«m D@ VR @ o
Q\BQOQ\)Q\)Q\)§ “&v@ @@@@@

a9 3

TF71Z2°4 TRU &

of A3l (%)



70

60 O Inner core

50 M Middle core
[ Quter core

40

30

20

10 |

0 ) | | e |

@ O O N A NN 9 9 S
& P D P D
QOQ\)Q\)QQQQ%Q@‘V&S“@@@@

a9 4 F712elA TRU o] AF4H (%)

=EolAE 99%N-15 F5ASARE A8 900MWt 5 H-3t5 W7t
AAAY B AF7E A EATE o] wAldA e ERAY iAo ddE

AZALE] FFHUAIL o] f3] YR EE HEIMHO]= &3 Vacancy
< AA3s] 23, AFEste HEEHA st =49 SASAS SAYE 1.0S oF
7 el AER Fissile =29 9F-FFo] HRG = Fuel-Self-Sufficient ‘—E.H S

7RI B Aol olid el AAlel mlsiA 17}/\174 120cm = 275kt
A2 W g EFT 8% Vacancy ¥& = o AHSSISIAL %‘O“—’“Oﬂ"ﬂ

o &= Vacancy &%
FA} 2obate] WARY
T4l E 450¥ =2 =8 F
ATk v B2 7] shekg

H=
S AgesT. sEAAG 4G 0 kel o4 2lshol
2% 948 pANDOZA WS ARUE ZAA)
A9k vk sAelel Leg daAd F o

g EP WSEAFES A9

ol WA otaE Ao Uehath ob wqkelE7b me waE 24
A} rEe] 7hask N-15 7F N-149] vls) 4] 5ol Wold FHA4LAE

o] A(hard)sl”7] Wwoz JFtEo)

a3l

[1] &A47], E. Greenspan <], “Once for Life Core Design for the Encapsulated
Nuclear Heat Source (ENHS) Reactor,” International Conference on the New
Frontiers of Nuclear Technology -  FReactor Physics, Safety and
High-Performance Computing (PHYSOR2002), Seoul, Korea 2002.

[2] £47], E. Greenspan ], “Alternative Design Options for the ENHS Reactor Core,”
International Congress on Advanced Nuclear Power Plants (ICAPP03), Cordoba,
Spain, 2003.

[3] V. V. Orlov ], Naturally Safe Lead-Cooled Fast Reactor for Large-Scale Nuclear
Power.



[4] Y. Kim et al, “Self-Sustaining Lead-Cooled Reactor with Single Fuel
Enrichment,” to be published in the Transactions of the American Nuclear Society
(ANS Winter Meeting, 2003).

[5] S. G. Hong et al., “A3ld 55 AFE-3F Q00MWt o, B85 Y7 Breakeven =412 <
A=}

H
Al A7 2003 EALAE S st =2, 4, 2003

[6] S. G. Hong et al., “900MWt Lead-Alloy Cooled Fuel-Self-Sufficient Cores with
Single Enriched Nitride Fuel,” to be presented at GLOBAL2003.

[7] 34 %=, “KAFAX-E66 : KALIMER {-ehg w595 =44A5 93 42 150 3
FAF 129 okt @A gho] B 2] Calcuation Note No. NDL-23/01, 2001, =221
T4

[8] R. E. MacFarlane, “TRANSX 2 : A Code for Interfacing MATXS Cross Section
Libraries to Nuclear Transport Codes,” LA-12312-MS, LANL (Dec. 1993).

[9] R. E. Alcouffe et al., “User’s Guide for TWODANT : A Code Package for
Two-Dimensional Diffusion—Accelerated, Neutral-Particle Transport,” LANL Report,
LA-10049-M (1984).

[10] B. J. Toppel, “User’s Guide for the REBUS-3 Fuel Cycle Analysis Capability,”
ANL-83-2 (Mar. 1983).



	분과별 논제 및 발표자

