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Optimization Study of High Conversion Light Water Reactor

with Axially Heterogenecus Core

Hiroshi AKIE, Keisuke OKUMURA, Yukio ISHIGURO
* E:
Kunio KANEKO and Jun SATTO

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 4, 1992)

A concept of axially heterogeneous core type high conversion light
water reactor (HCLWR) has been developed by extending the double fla:
core HCLWR concept; The core parameters of this heterogeneous core
were optimized based on the knowledge that has been obtained in the
studies of HCLWRs. As a result of the optimization, the core
characteristics of the discharge burnup of 45GWd/t and the fissile Pu
conservation ratio of 0.85 were obtained maintaining the void reactivity
negative.

The sharp power peaking, which appears at the boundaries of the
active core and inner blanket regions, was pointed out to be ome of the
problems of the axially heterogeneous core. It was shown that the
power peaking can be decreased by mixing Gd poison in the blanket
region adjacent to the active core region. The use of Gd poison can

also improve core burnup characteristics.

Keywords: Neutronics Calculation, High Conversion Light Water Reactor,
Axially Heterogeneous Core, Core Parameters, Optimization,

Burnup Characteristics, Power Peaking, Gd Poison, SRAC System
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Fig. 1 Axially heterogeneous core model
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Table 2 Range of core parameters

parameter values
core height (cm) :h 40, 45. 50, 55, 60
blanket width (cm) st 15, 20, 25 30
Vm/VE Sy 1.0, 1.1, 1.2, 1.3
Pul enrichment (wt.%) : e 10.0, 10.5, 11.0, 11.5, 12.0
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Table 3i2iZ. @& 310 LTRAKLIOD "HWEELBF L O35 4 — 5 EREFLHEHOR
LThz, cOENGHNE LI, OOFLEBOERIIFEALET L. i, REALIN
FAF T X QM P (h=40~45cm ; t/h~0. 36:0.42) T, WA tE LI LB EOFLHED
EIZELTH 7. |

Lo RM S, Table AR R LTH B 2P LA FWMIFFLE LTBEL, ZRODOF
. L EEAE0enE T B &, FRENS 000Kt R RS -200MVCE K IF DR TG B CFIgR T
180%/cn® A 2 FLEO S ITRE LHEE). RETEFGIDFERESITAE L OREES
BMAEZDE, CITRESNLBFAFEEFOCOKEGEY v F1323. 3enk 2 5, M LF
Zo00cnic S ST 5 MEE S B EITBIEELD . by S EIFIFLOFCHESERE L D RH
Hok—JEH I BRERDLIOUNRBEN S, HBAT. RFZEFOEEERBEKGFHCLYR-
IDFIOFLRENTINTHLEOTERI L,

Table 3 Major core characteristics cf two selected "axially heterogeneous cores”

W4 h t v e B CR S Ak e{1-8)/B
(em) | (em) (wt. %) (G¥d/t) (%) (t/G¥d)

1.0 41.5 | 15.0%) 1.0" |10.07 | 44.1 .81 | 0.84 3.52 0. 0358

0.0 44. 5 18.5 1.0* |10. 2 44. 3 0.82 | 0.84 3. 50 0. 0359

%) Each value corresponds to the lowest value of the parameter range under

consideration.

Table 4 Specifications of main parameters of axially heterogeneous cores

core thickness of Pu’ number whole core
case | height | blankets (cm) | Ym/VE | enrich. of height"®
(cm) inner | outer {(wt. %) | core layers (cm)
1 40 15 30 1.0 10 5 320
2 45 18 30 1.0 10 4 294

%) The outer blankets are included.
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Fig. 9 Core model for detailed burnup analysis
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Table 5 Burnup characteristics of the axially heterogeneous cores

Ker cvcle duration conversion ratig linear heat rate
(BOL) (3 batch refueling) (3 cyvcle average) (max.through burnup)
standard case 1. 0508 586 days 0. 812 300%/cm (BOL)
<huffer zone in core region>

(bJ)E=5. 4% 1. 0835 543 . 822 247 {BOL)

3. 2% 1. 0796 520 0. 827 207 . (BOL)

1. 1% 1. 0727 488 0. 835 236 (BOL)

{c)5.4,3.2,1.1% 1.0679 450 0. 843 I[85 (BOL)
(141+2¢m)

(d)Gd 15000ppm 1. 0593 555 0.817 205 {BOL)
20000ppm 1. 0562 536 0.819 196 (BOL)
30000ppn  1.0519 494 0.822 191 (ROL)

¢buffer zone in blanket region>

(e)Gd 15000ppm  1.0473 586 0. 812 207 (500days)
20000ppm 1. 0459 585 0. 813 200 {700days)

<6d mixed in the whole blanket>
Gd 1000ppm 1. 0438 587 0.810 255 (100days)
5000ppm 1, 0344 579 0. 806 226 (300days)




JAERT-M 52-030

250.0 , , ; ] .
" 200.0L N
O
~
=z
150.¢
>
2
o=
c
£ 100.0
O
o
x 50.0
Q
O
0.0 | ; | ] . L
0.0 5.0 10.0 15.0 20.0 25.0 30.

distance from core center {(cm)

Fig. 17 Power distribution (20, 000ppm Gd in the blanket adjacent to core)



JAERI-M 92-030

4. MR OO E

Table 4% UFig. Q0 R4 HMMHTHE L2 — 22D T, WEDER. 77 07 v PEABEERY
2. AEELELUNSRBERCLERTABEAN o v BE., SREGHIIETIHEM KR F
RIGEGY. BEEtS0R 0BEREE L. Bk, ThoOoHBIEF LA RTFLE
FOHCLIRD B H P ED SN THRDT, ThEOFREREBOLDFOHNERRRIC
@ L, Bb. RETEFLORMEANLAOMNIHIEL T, 7 — R B LUIOFHFEEEH
Az R E L THEET -, ST ABHENRZ BB L2 100080 — 21D R T2 000K (T
— 20 TH B, ETlho F—RAIRUAIH L THMFEINLEID B URBEER, Table 3m L
FREL D W LR AAGNd/ T A D NI BRI 5 fe, TR REMAHRE 2T > FLE
P MEEBELTH 1ORH L, S THEET - BRI FONEREBFLTH S
CTENEREZEZOND, T, ASGN/UEFEOBBEERRT S0, HAaERBPOELE
B AT . BARBPUEAEEL0 Twt. % LAz, Figs 18~22K BMIEEMBEICLIIMY M LK
MR OPHERE., BAREPIBTIL. 2RRICE. HoRHPEBREOEROKRTESRT .

_ 46.0 : | | | | r
s

~

2

& 44.0] §
m

< 42.0] .
(o

=

cC

Y 40.0l ]
0

[\}]

o

L 38.0| |
< —e— CASE-1
g --o-- CASE-2
o

o 36.0 ; .

9.8 100 10.2 10.4 10.6 10.8 11.0 11.2
Pu? enrichment (wt.¥)

Fig. 18 Dependence of burnup on Pu' enrichment



average conversion ratio

Pu’ surviving rate (8)

o O O O o CC O O O O O

.875

. 840

.830
.828
.826
. 824
.822
.820
.818
.816
.8l4
.812

.810 ! 1 ] . ]
9.8 10.0 10.2 10.4 10.6 10.8 11.0 11,

JAERE-M 82-030

T T 1 T T

- —e— CASE-1 |-
N --o-- CASE-2

T

i

Pu® enrichment (wt.%)

Fig. 19 Dependence of average conversion ratio on Pu’ enrichment

.870

.865

. 860

.855

.850

. 845

L

3.8 10.0 10.2 10.4 10.6 10.8 11.0 11
Pu’ enrichment (wt.%)

Fig. 20 Dependence of Puf surviving rate on Pu’ enrichment

.2



JAER!-M 82-030

4.0 T ,
¥ 3.8l i
3
>  3.6| ]
2
"
o 3.4] ]
(M)
—
m 3.2 —
v —e— CASE-1
X — - CASE-2
3.0 ] i 1 i ] ]
9.8  10.0 10.2 10.4 10.6 10.8 11.0 11,

Puf enrichment (e) (wt.%)

Fig. 21 Dependence of excess reactivity on Pu’ enrichment

(%1072 )

3.65¢

e(1-5)/B (t/GWd)

’ —e— CASE-!
. ~-o-- CASE-2

9.8 100 102 104 10.6 10.8 11.0 1l.

Puf enrichment (e) (wi.%)

Fig. 22 Dependence of e(1-S)/B on Pu’ enrichment

2



JAERTI-M 82-030

4.1 EXHR

SR L2 — 202 MAMICE L THSHEELBEE L >THA0T, b THEAD
ST 2RANREFRA L TELENS L, O DHSRAC-CITATIONK IFSRAC-ANISN
I— FAANTBLE FIOLOBMA MR ENM LA, I T. EOLTOEMEBOEFREERIL.
FLBEEFETEONAAEE LRV B UBRERIESHT, bor LT -7 nT
NABED SHMIE L THRD A, Table 6icid. BEBORH Y LBBENSRLTH S,
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Table 6§ Discharge burnup of each region at EOC

CASE-1 CASE-2
region burnup (GWd/t) region burnup (G¥Wd/t)
1 _ core 48. 7271 inner blanket 19. 4675
"2 | inner blanket 20. 0349 core 48. 3444
3 core 47. 8279 inner blanket 18. 2874
4 | inner blanket 18. 2810 core 40, 0250
5 core 37. 7582 outer blanket 5.48713
6 | outer blanket 5. 14887
Table 7 Transport effect for keer
CITATION ANISN transport effect
Ker: Keer (%Ak)
BOL EOL BOL EOL BOL EOL
CASE-1 | 1.07811 | 0.96934 | 1.07936 | 0.97037 0.125 0.103
CASE-2 | 1.08046 | 0.96%24 | 1.08096 | 0.97028 .05 0.104
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Table § Burnup characteristics of axially heterogeneous core

obtained with one dimensional calculation (CASE-1J

(transport effect and blanket temperature effect)

_ NO TRANSPORT TRANSPORT BLANKET
ITEMS CORRECTED CORRECTED TEMP.
EFFECT
BLANKET TEMPERATURE (K» 600 600 900
CORE THERMAL OUTPUT (MWT) 2665 2665 2665
EQUIVALENT CORE DIAMETER (CM) 347.94 347.94 34L7.94
CORE HIGHT (cM2 4L0%5 LOx5 L0%5
INNER BLANKET HIGHT (CM) 15%4 15%4 15%4
CUTER BLANKET HIGHT (CM) 0 30 30
FUEL PIN DIAMETER (CM) 0.95 0.95 0.95
NUMBER OF FUEL PIN 74028 74028 74028
VM/VF 1.0 1.0 1.0
CLADDING MATERIAL IRY IRY IRY
CLADDING THICKMESS (CM) 0.06 0.04 0.06
LOADING FISSILE PU ENRICHMENT(WTX) 10.7 10.7 10.7
BLANKET MATERIAL ugz uo2 ugez
LOADING FISSILE PU (TONNE? 7.3919 7.3919 7.3919
QUTPUT FISSILE PU
CORE (TONNE? 6.0125 5.9944 6.0120
CORE + BLANKET (TONNE) 6.2604 6.2450 6.2682
AVERAGE LINEAR HEAT RATING
CORE (W/CMD (BOL/ECOL) 1697147 1697167 169/147
BLANKET (W/CM) (BOL/EOW) 18.3/55.1 18.3/55.3 18.1/55.1
AXIAL POWER PEAKING FACTOR(BOL/EOL) 1.79/1.22 1.79/1.22 1.78/1.21
MAX. POWER DENSITY (W/CC) (BOL/EOL) 234/139 236/139 234/138
CONVERSION RATIO
CORE 0.64/0.73 0.6470.73 0.64/0.73
CORE + BLANKET (BOL/EQOL) 0.82/0.84 0.82/0.8B4 0.82/0.84
AVERAGE CONVERSION RATIOD
CORE 0.692 0.693 0.692
CORE + BLANKET 0.814 0.815 0.817
REGION-WISE POWER
CORE % {BOL/EOL) 93.9/81.6 93.9/81.6 94.0/81.7
BLANEKT (%) (BOL/EOL) &.1/18.4 6.1/18.4 6.0/18.4
SURVIVING RATID CORE/ (BLANKET+CORE) '
FISSILE 0.81/0.84 0.81/0.8B4 0.81/0.84
PU 0.87/0.90 0.87/0.90 0.87/0.90
PU FISSILE 0.81/0.85 ©0.81/0.84 0©0.81/0.85
PU VECTOR AT EOL CORE/(BLANKET+CORE)
PU-239 (ATOMIC %O $52.4/52.8 52.3/52.7 52.4/52.8
PU-240 C(ATOMIC %) 28.5/28.3 ©28.5/28.3 2B.5/28.3%
PU-241 C(ATOMIC %) 12.5/12.5 12.5/12.5 12.5/12.5
PU-242 C(ATOMIC %) 6.6/6.5 6.6/6.5 6.6/6.5
DISCHARGE BURN-UPC(GWD/TY (3 BATCHES) 44,0 44 .6 46,0
BURN-UP/(NET CONSUMPTION OF FISSILE 2874.6 2881.8 2894.%9
INVENTORY) (GWD/T-FISS.)
CYCLE LENGTH (FPD) 443 450 443
MODERATOR VOID REACTIVITY COEFF.
AT BOC (PCM/XVOILD) -22.38
AT EQC (PCM/ZVOID) -61.26
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Table § Burnup characteristics of axially heterogeneous core

obtained with one dimensional calculation (CASE-2)

(transport effect and blanket temperature effect)

NO TRANSPORT TRANSPORT BLANKET
1TEMS CORRECTED CORRECTED TEMP.
EFFECT
BLANKET TEMPERATURE (K) 600 400 900
CORE THERMAL OUTPUT (MWT? 2398.5 2398.5 2398.5
EQUIVALENT CORE DIAMETER (CM) 347.94 347.94 347.94
CORE HIGHT CCM) LS54 L5%4 LS54
INNER BLANKET HIGHT (CM) 18%3 18x%3 1833
OUTER BLANKET HIGHT (CM) 30 30 30
FUEL PIN DIAMETER (CM> 0.95 0.95 0.95
NUMBER OF FUEL PIN 74028 74028 764028
YM/VF 1.0 1.0 1.0
CLADDING MATERIAL ZRY ZRY ZRY
CLADDING THICKNESS (CM) 0.06 0.06 0.06
LOADING FISSILE PU ENRICHMENT(WTX) 16.7 10.7 10.7
BLANKET MATERIAL vez uoz uoz
LOADING FISSILE PU (TONNE) 6.6527 6.6527 6.6527
QUTPUT FISSILE PU
CORE (TONNE) 5.4056 5.3941 5.4072
CORE + BLANKET CTONNE)D 5.6379 5.6282 5.64645
AVERAGE LINEAR HEAT RATING
CORE (W/CM) (BOL/EQOL) 1697144 169/146 1697146
BLANKET (W/CM) - (BOL/EOL) 17.1/53.1 17.1/53.3 16.9/53.0
AXIAL POWER PEAKING FACTOR(BOL/EOQOL)? 1.61/1.20 1.61/1.20 1.59/1.19%
MAX. POWER DENSITY (W/CCY (BOL/EOL) 2127136 2127136 210/135
CONVERSION RATIO
CORE 0.646/0.73 0.6470.73 0.64/70.73
CORE + BLANKET (BOL/EOL) 0.81/0.84 0.81/0.84 0.81/0.84
AVERAGE CONVERSION RATIO
CORE 0.693 0.693 0.693
CORE + BLANKET 0.813 0.814 0.818
REGION-WISE POWER
CORE % (BOL/EOLD 94,0/81.3 94.0/81.3 94.1/81.4
BLANEKT (X% (BOL/EOL) 5.0/18.7 6.0/18.8 6.0/18.7
SURVIVING RATIO CORE/(BLANKET+CORE) :
FISSILE 0.81/0.84 0.81/0.84 0.81/0.8%
PU 0.87/0.90 0.87/0.90 0.87/0.90
PU FISSILE 0.81/0.85 0.81/0.85 (.81/0.85
PU VECTOR AT EOL CORE/(BLANKET+CORE)
PU-239 (ATOMIC %) S2.4/52.7 52.3/%2.7 52.4/52.8
PU-240 C(ATOMIC X% 28.5/28.3 28.5/28.3 28,5/28.3
PU-241 C(ATOMIC %) 12.5/12.5 12.5/12.5 12.5/12.5
PU-262 (ATOMIC %) 6.6/6.5 6.67/6.5 6.6/8.5
DISCHARGE BURN-UP(GWD/T) (3 BATCHES) 4.2 44 .7 L4 .1
BURN-UP/(NET CONSUMPTION OF FISSILE 2895.8 2901.3 2914 .2
INVENTORY) (GWD/T~FISS.?
CYCLE LENGTH (FPD) L46 451 445
MODERATOR VOID REACTIVITY COEFF.
AT BOC (PCHM/%VOID) -30.76
AT EOC (PCH/XVOID) -49.03
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Table 10 Fuel and moderator temperatures assumed for core states

core state

fuel temperature

moderator temperature

hot full power 960K 600K
hot shut-down 600K 600K
long cold shut-down 300K 300K

Table 11 Critical search by natural beren

at full power state

natural-B CASE-1 CASE-2
concentration Kot ket
2000 ppm 1. 00978 1. 01109
2991 ppm 0. 59883
3000 ppm 0. 99873 1. 00054
3123 ppm J.99932
4000 ppm 0. 98873 0. 99103
critical value” 0. 99882 0.99932
CASE-1 CASE-1
natural-B natural-B
concentration | concentration
ke re=1.01000 2083 ppm 2060 ppm
Kere=1.00000 2991 ppm 3123 ppm
kese=0.99000 3491 ppm 4190 ppm

%) This value corresponds to the critical state

estimated with diffusion theory.
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Table 12 Soluble natural horon concentration

needed for hot shut-down

natural-B CASE-1 CASE-2
concentration Kees ket
3000 ppm 1. 00744 1. 00941
3845 ppm (. 99882 ,
4000 ppm 0.99731 0.99977
4049 ppm . 99932
5000 ppm 0. 98801 0. 99094
critical value” ). 99882 0. 99932
CASE-1 CASE-1
natural-B natural-B
concentration | concentration
Keee=1. 01000 2871 ppn 3009 ppn
Ko.:e=1.00000 3845 ppn 4049 ppm
kaer=0.95000 4508 ppm 5192 ppm

%) This value corresponds to the critical state

estimated with diffusion theory.
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Table 13 Soluble natural boron concentration

needed for long cold shut-down

natural-B CASE-1 CASE-2
concentration Karrs ket
4500 ppm 1. 00988 1. 01615
5365 ppm 0.99882
5500 ppm 0.99716 1. 60403
5910 ppm 0.99931
6500 ppm 0. 98538 0. 99275
critical value™ 0.99882 0.99932
CASE-1 CASE-1
natural-B natural-B
concentration concentration
Keer=1.01000 4580 ppn 5054 ppn
kere=1. 00000 3365 ppm 5910 ppm
ket r=0. 98000 6200 ppm 6817 ppm

*¥) This value corresponds to the critical state

estimated with diffusion theory.
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Table 14 Coolant void reactivity ccefficient

at full power operation (BOC)

CASE-] CASE-2
void (boron 2991ppm) | (boron 3213ppm)
Kets Kets

0% 0. 59883 0. 99932

20% (. 99284 0.99227

40% 0.98796 0. 98736

60% 0.98448 0.98290

80% 0.98111 0.97693

95% 0.97782 0.97054

void coeff. -22. 38 -30.76
{pcm/%void)

Table 15 Coolant void reactivity coefficient

at full power operatiom (EQC)

CASE-1 CASE-2
void {(boron (ppm) (baron (ppm)
Kot Kett
0% 0. 99888 0.99920
20% 0. 98311 0.98337
40% 0.96719 0.96723
60% 0. 95419 0.95334
80% 0. 94517 0.94167
95% 0.94241 0.93578
void coeff, -61. 26 -69. 03
(pcm/%void)
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Fig.31 Burnup reactivity changes calculated with different Gd concentrations
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Fig. 32 Burnup dependence of peaking factors with different Gd concentrations
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Table. 16 Burnup characteristics of axiaily heterogeneous HCL¥Rs

obtained with one dimensional calculation)

(with 30000ppm in blanket region adjacent to core region)

ITEMS CASE-1 CASE-2
CORE THERMAL OUTPUT (MWT?> 2665 2398.5
EQUIVALENT CORE DIAMETER (LMD 347 .94 347 .54
CORE HIGHT {(CMD 40%5 L5%4
INNER BLANKET HIGHT (CMD 15%4 18%3
QUTER BLANKET HIGHT (CM) 30 30
FUEL PIN DIAMETER (CM) 0.95 0.95
NUMBER CF FUEL PIN 74028 74028
VM/ZVFE 1.0 1.0
CLADDING MATERIAL ZRY ZRY
CLADDING THICKNESS (LM 0.06 0.06
LOADING FISSILE PU ENRICHMENT(WTX) 10.7 10.7
BLANKET MATERIAL udz uo2
EXCESS REACTIVITY (%D-K) (3 BATCHES) 2.3 2.6
LOADING FISSILE PU (TONNE)D 7.3919 6.6527
ODUTPUT FISSILE PU

CORE (TONNED 6.0109 5.4110

CORE + BLANKET (TONNE? 6.2680 5.6495
AVERAGE LINEAR HEAT RATING

CORE (W/CM> (BCL/EOL? 172/146 1717146

BLANKET (W/CM2 (BOL/EOL> 14.2/56.0 13.5/54.0
AXIAL POWER PEAKING FACTOR(BOL/EOLD 1.55/1.43 1.47/1.38
MAX. PEAKING FACTOR 1.63 1.53

(600DAYS) (600DAYS)
MAX. POWER DENSITY (wWwsCC> (BOL/EOL) 2077163 1977157
CONVERSION RATIO

CORE 0.64/0.72 0.64/0.72

CORE + BLANKET (BOL/EQL) 0.79/0.83 0.79/0.83
AVERAGE CONVERSION RATIO

CCRE 0.685 0.687

CORE + BLANKET 0.804 0.804
REGION-WISE POWER

CORE (%) (BOL/EQL)D $5.3/81.3 95.3/81.0

BLANEKT (%) (BOL/EOL)D 4.7/18.7 L.7/19.0
SURVIVING RATIO CORE/ (BLANKET+CORE)D

FISSILE 0.81/0.84 0.81/0.84

PU 0.87/0.90 0.87/0.90

PU FISSILE 0.81/0.85 0.81/0.85
Py VELTOR AT EOL CORE/(BLANKET+CORED

PU-23% (ATOMIC %O 52.4/52.8 52.4/52.8

PU-240 C(ATOMIC %5 28.5/28.2 28.5/28.2

PU-241 C(ATCMIC %) 12.5/12.5 12.5/12.5

PU-242 (ATOMIC %) 6.6/6.5 6.6/6.5
DISCHARGE BURN-UP(GWD/T)Y (3 BATCHES) 44 .0 44.0
JURN-UP/(NET CONSUMPTION OF FISSILE 2884 .2 2898.6

INVENTORY) (GWD/T-FISS.)
CYCLE LENGTH (FPD? 440 440




power density (W/cm)

power density (W/cm)

JAERI-M 92-030

250.0 : , , , — , "
E— 0 days
---~ 200 days
200.00~ 400 days |7
—— 800 days
e 1320 days
150.0 s
100.0 T:jfﬁﬁ, :
B,
50.0 i
0.0 I ) 1 i 1 ) %
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
distance from core center (cm)
Fig. 33 Axial power distribution (CASE-1, 30, 000ppm Gd in blanket)
250.0 : , . . , . '
—_— 0 days
~~-- 200 days
200.0L 400 days |7
—— 800 days
N 5 N 9 1320 days
150.0} Jﬂiiliiihih ]
| i'u,-f"_"“"-a_-: frat 25N it i
100.0¢ . : “ i i
50.03%% i
™
.0

20.0 40.0 . 60.0 B80.0 100.0 120.0 140.0 160.0
distance from core center {(cm)

0.0
0

Fig. 34 Axial power distribution (CASE-2, 30, 000ppm Gd in blahket)
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Fig. 35 DNB ratio by KfK correlation (CASE-1, 30, 080ppm Gd in hlanket)
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Fig.36 DNB ratio by KfK correlation (CASE-2, 30.000ppm Gd in blanket)
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FOORBEEREE EERHE T DU TOM~MOBEREFEFELTVE, Zhon )
S5(D~G)0BELEOERIE L TRIZBE LS 2H., FETRRILER TS, Th b
DEREFERTLELEIAZUTINBRD DY EII L L THFEORII TS, *

(1) #WHrés#l (ICR : Instantaneous Conversion Ratio)

TCR(E) :fdrde EET(t 1 E)e 6 (L, 1, E) /fdrde St L Ede Bt E)

= GEMHE-U-238, Pu-2400p Y FHIMRIEER) / B YEHE U-235, Pu-239, Pu-24]
D Y TR ST )

- (BOREPEHOERE) / BARUEMEOHEE) (A. 1)

FHRELOEHILESCRERILTH Y. REBETLOERBEL LB IIHAT S,
BB ETO t=-BOLURHFMYD T /23, FOBRBEHETO t=BOCCHEEHY 1 7 Ly
B SEXFICHEIE# E(Initial Conversion Ratio)EEH., £ FHRLOBSITITHEE
DRZDLEHIFFNICEATZH, BRFFHBEEFONBETRUNMERKLOBDRL L, THb
L. BFHETREFRBBEE Y0 IHET 3 EREE5L 3018 L. FOHBETIIPNT
MBRBEH LSO ERILEEA D LK S, 3. 0% Y 5 L% 4 5 07PYRO 15 & B0LE
BT H00. 45, 336Wd/ LIRS BY R O EOL (B35 w0 K WD ER R 130, TARRETH 3.

(2) EigEEH k. (ACR : Average Conversian Ratio)

ACR :JWCR(t)dt / fdt )

ICRREFBEFETHLI . DFCORREFET 20U AL, J OB ER % KL
KE-THHETFHLINETFEERLEBLTHERATS. BOHMEIR. RPAEFEOBSBL
POECLE T, FLBRBRHBEORSITIEBOCH SEOCUEEY 4 7 LKL E TET BH. J0OHE
ua%%b&&@%wﬁisiécBaamwwmﬂmwumm3%%M®§ﬁ%ﬁ&%ﬁ%&
LTO6BEETH S, .

CORIIEBESN A VPHEHBLEIFLORELTIMT 2 - DOHBEEL LTEHTS 340, B
MEIEGFT 5.0, BHRBECCRLVERIN IR LRBE L OB FIZHA S
hWRRohBAot, EREIMBBEIIH L THMBERETH L &b ICBEBEEIIH L THRY

ko IBHE—EE: TEERBEAKFHRIIEIIGEREOAFAL L UESE AAGFAF 25 32
350 (1990).
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WITEOEHERESBONID . BEABENTLES E0 L, T, BEBELZEZ LTI L
CEDEAEEAERTETCHLPHERLETIIARR LN L., REELERER)IOES S %
T T A, B ORBEROHAEREAECLORETINS,

(3) MR HEBAFL (FCR : Fissile Conservation Ratio)

FCR = {EOLB¥ D #% 4+ 34 PE4 H (U-235, Pu-239, Pu-241)#8 8}/ {BOLFF D i 8 ) (A 3)
(4) ¥ ARSI P =y L E®RFE (PuFCR : Pu Fissile Conservation Ratio)

PUFCR = {EOLBY D5 BHE 7V b =7 L (Pu-239, Pu-24 D8 & }/ (BOLKF D3 2 } (A4
(53) b= LB (PCR: Pu Conservation Ratio)

PCR = {EOLE%GJQPU#;%}/{BOLH?@%‘ &= } (A.B)

(3~ Ry M) EELTRETh, BBEMHOED R 1&4@% AR I L
HORNEELV AT LN, BHROEUBIEOTERETRELTODONERTHOTH D,
T5 vk VABOERRTIE. FITOERE D LRI SN S, FHEMIERIND
EERICENEENSEE LTERN TH LA, FOLASEEAYooRETHROLWINOESL L0
ED . THERILEERICERREE LAY TERRINOINEETH S,

HCLVRDMOXBRENS . ™ 5 L MGAE, 5B 6N 2 0. AT 5V OWREMRELTHD.
2 SENAMONU-2BRERERANICERERLTIOEDEL H S, FORE D IFPuFCRAVE
CHHENSE, L. BEAYIVTEAHIBEHECOBLAEY S V2T LENIER
HKhdHn. COBSITIRFROFHFBY ELDE, 77 BREEERAT SPYROE-FIZIE. FORIT
GW /3R 485 17 B 05 (3. Qwt. SRR EERCEHE D T0. 45T H O . 556Wd/ tEREEIF 2T (4. Twt. REHEOTH
0.20BE LL S,

(B) HENEREERE (B..(: Effective Discharge Burnup)

Beff(MWd/t) BB ERE) . BEEEI R (Full Power Days) /
L E R E A A B ) (HOM tonne) (A B

BMEE LN EROPITE. K@i'ﬁf&:’)@a%ﬁ"i&&bfoﬂffz\%)e 1) B REREA
RybysizbhoBondziNF-—EE. 2 HHT AERBOMBOREL LS, BITPR
DESITI Uy PEFLBOFTHE, BOBUBREREES0BKRTEMLTLRALTS
B, LIANTI Uy FOBHWEEASURFETREFORET S vy MREETHREAERIIR
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Rl BEADA R MORREDZ O, EEEICE N S BB (MN/ LM )IS T e
WIe T2 04y MO AFELSFIIKREOBAIIHE. DEDOBEREHTELIVTILE A
(185, EIT DOBERTHREELZTMIT 2IZE. AORDOLICFOBH T 2 LF— %4
CHEHEOLED A X Y TELHVEYTH L, CHERIIEDRBRELIBHLTRAT S &
DET D,

(1) EWRHEZ S REMBMBEE (B... : Effective Burnup per Net Consumption of Fissile
Inventory) '
Boer = (EZMBBEERE) / {e - (1-FCR)} (A7)
e U-230MMEE ISR E IV =T LBEMGL % / 100

BRI~/ K DIz, FCROZBA HFIMOBLBABRELHN L TE%RERT LOTH S, (A D
HEDINOCOBERUMIEIENTEE, ORI, HEETEFIZH T, RELERD
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Table A-1 Fine energy group structure of 90 groups

group

¢ fast >

energy range (eV) group

energy range (eV)

group

¢ thermal >

energy range (ev)

L o T~ - IR ) N Y - T X T

Qo G2 M N DD RN DN DN DN RN s e e e et b e e e s
— O w2 00 =1 Oy U1 B QO D e D W 0 ] R U B ) DN — O

AT B e i - - B & ) = £ B - - e N B = = T S S U N S S S N SN

.DOOE+07 7.788E+06 32 4
_788E:06 6. 0656406 33 3
0B5E+06 4.724B+06 34 2
.T24E406  3.B879406 35 2
_BT9EH06 2. 865E106 36 1
_865E406 2. 231E+06 87 1
.231E406 1.738E+06 38 O
.738E:08 1.353E406 39 7
.353E+06 1. 054E+06 40 5
_054E+06 8. 209E+05 41 4
.209E405 6. 393E+05 42 3
.393E405 4.979E+05 43 2
.979E+05 3. 877E+05 dd4 2
_87TE+05  3.020E+05 45 1
020E+05 2.352E405 46 1
L 352B+05 1.832E405 47 |
(832E405 1. 426E405 48 7
_426E105 1. 111E+05 49 8
C111E£05 8.652E104 50 4
_652E+04 6.738E+04 51 3
T38E+04 5.2485+04 52 2
. 248E+04 4, 087E4+04 53 2
_087E+04 3. 183E:04 54 1
C183E+04 2. 479E+04 55 1
4T9E404 1. 931E+04 56 1
.931E+04 1.503E104 57 8
L 503E404 1. 1TIE+04 58 6
J171E404 9. 119E403 59 5
119E403 7. 102403

_102E:03 5. 531E+03

. 531403 4. 307E+03

. 307E+03
. 355E+03
.B13E+03
. 035E403
. 585E+403
. 234E+03
.G611E402
. 485E+02
. 830E+02
. 540E+02
. 536E+02
. 754E+02
. 145E+402
.670E+02
. 301E+02
.013E+02
. 889E+01
. 144E+01
. 785E+01
. T27E+01
.902E+01
. 260E+01
. T80E+01]
. 371E401
. 068E+01
. 315E+00
-4T6E+00
. (44E+00

3. 355E+03
2.613E+03
2. 035E403
1. 585E+03
1. 234E+03
9.611E+02
7. 485E+02
5. 830E+02
4. 540E+02
3. 53B6E+02
2. TH54E+02
2. 145E+02
1. 670E+(2
1. 301E+02
I.
7
6
4
3
2
2
1
1
1
8
6
5
3

013E+02

. 889E+01
. 144E+01
. T85E+01
.T27E401
. 902E+01
. 260E+01
. T60E+01
. 371E401
. 0B68E+01L
- 315E+00
4T6E+H(0
. 044E+90
. 928E+00

60
61
62
63
b4
65
66
67
68
69
7t
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
38
89
90

- 928E+00 3. 058E+00
. 059E+00 2. 382E+00
. 382E+00 1. 855E+00
. 850E+00 . 1.637E+00
.B3TE+Q0 1. 445E+00
- 445E+00 1. 275E+00
. 2T5E+00 1. 125E400
. 125E+00 9. 831E-01
. 931E-01 8. 764E-01
. T64E-01 7.734E-01
. T34E-01 6. 826E-01
. 826E-01 6.024E-01
. 024E-01 5. 316E-01
.316E-01 4.691E-01
.691E-01 4. 140E-01
. 140E-01 3.653E-§1
. 653E-01 3. 196E-01
.196E-01 2. 770E-01
CTTOE-01 2. 37T4E-01
. 374E-01 2. 009E-01
.009E-01 1.674E-01
.674E-01 1.370E-01
.370E-01 1. 086E-01
. 096E-01 8. 540E-02
. 940E-02 6. 402E-0Z
.402E-02 4.579E-02
. 57H9E-02 3. 060E-02
. 060E-02 1. B47E-02
. 847E-02 9. 381E-03
.381E-03 3. 342E-03
. 342E-03 1. 000E-05




JAERI-M 82-030

Table A-2 Energy group structures

energy range (eV)

group number

E-upper E-lower a06 236 156 11G 6G 8G 66
I.000E*07 8. 209E+05 I~ 10 1 1 1 1 1 I
8.209E+05 6. 738E+04 1n~20 2 2 2 2 2 2
6.738E+04 9. 119E+03 | 21 ~28 3 8 3 3 3 3
9. 119E+03 1. 301E+02 29 ~ 45 4 4 4 4 4 4
1.301E+02  3.928E400 | 46 ~ 59 5 5 5 5 5 5
3.928E+00  1.4458400 | 60 ~ 64 6 8 6 6 6~

1. 4458400  1.275E400 65 7> .

1.275E+00 1. 125E400 65 8

1.125E+00 9. 931E-01 67 9 } . } !

9.931E-01 8. 7B4E-01 63 10 .

8.764E-01  7.734E-01 69 1 > .

7.734E-01 6. 826E-01 0 12 i

6.826E-01  6.024E-01 71 13 } wJ ¥

6. 024E-01  5.316E-01 72 14 L
5.316E-01  4.691E-01 73 15 } -

4.691E-01 4. 140E-01 74 16 } .

A.140E-01  3.653E-01 75 17 Y g

3.653E-01 3. 196E-01 76 18 Ny

3.196E-01 2. 770E-01 71 19 } y

2.770E-01 2. 374E-0] 7% 20 0

2.374E-01 . 2. 009E-01 9 21 } )

2.009E-01 1. 674E-01 80 22

I.674E-01  1.000E-05 g1 ~ 90 23 15 11 g 8~
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Fig.A-1 Calculation geometry for SRAC and VIM codes
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Fig.A-2 Ratio of spectrum calculated with SRAC to VIM (blanket A region)
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Fig.A-3 Ratio of spectrum calculated with SRAC to YIM (blanket B region)
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Fig. A-4 FRatio of spectrum calculated with SRAC to VIK (core C region)
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Fig.A-5 Ratio of spectrum calculated with SRAC to VIM (core D region)
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Fig. A-10 Axial power distributions calculated with SRAC and VIN (BOL)

Table A-3 Comparison of ke:: and peaking factor
calculated with SRAC and VIN codes

code | energy groups Kets peaking factor
VINM | 1.09682+0.00189 2. 5906

40 1. 09300 2. 5435

23 - 1.09253 2.5398

15 1. 09253 2.9391
SRAC 11 1. 09245 2.5341

9 1. 09201 2. 5062

8 1. 08706 2. 3434

8 1. 07740 1. 7366
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Fig. A-12 Burnup dependence of conversion ratio
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76 3 M7 — %

(1) B
R PuO2 - R UD.. 9. T8g/cnm’®
75 Uy MEE B3EL0.. 9. T8g/cn’
URTPuMER  U-235:0-238=10.2:99.8
Pu-239 :Pu-240:Pu-241:Pu-242:An-241=158.0:24.9:11. 0:5.6:0. 5

Table A-4 Fuel composition(x10**atcms/cm®)

Puf{wt. %) 10. 0 10.7 10. 8 0.0
U-235 3.730E-5 | 3.B8BE-5 | 3.679E-5 | 4.363E-5
U-238 1.861E-2 | 1.839E-2 | 1.836E-2 | 2.177E-2
Pu-239 1.824E-3 | 1.951E-3 | 1.970E-3 -
Pu-240 7.829E-4 | 8.377E-4 | B8.456E-4 -
Pu-241 3.459E-4 | 3.701E-4 | 3.73%E-4 © -
Pu-242 [.761E-4 | 1.884E-4 | 1.902E-4 -
Am-24} 1.572E-5 | 1.682E-5 | 1.698E-d -
0-16 4.359E-2 | 4.358E-2 | 4.359E-2 | 4.363E-2

(2) WEH
S AL EEM. Zr : 4.290x107*(x 10" *atoms/cn®).

(3) wWEHM

Table A-5 Moderator composition(x10**atoms/cm®)

hot cold

i A T508E-2% (1-X)x (1-V) | 6.66T8E-2> (1-XDx(1-V)
0 2. 3754E-2x (1-X) > (1-V) | 3.3339E-2x (1-X) < (1-¥)

ir 4. 290E-2x X

X=0.06:volune fraction of structure material(Zr) in water

V:moderator void fraction
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8 4 REZEFLEFEEEKE HCLYR-IDF1 O F.0H#

S RE

H H B BHMITh
PAEHESAE Dlemd 0.95 0.98
BREHE Y v F Plem) 1. E7 1.17
A Pu0. -# g U0: . HAE U0:
BLEBRE) (wt. %) 10. 0CPu®> 0. 2¢U-235>
WEEMHE Jwhng-4 IWhof-4
HEEEREZ (cm 0.057 0. 057
AN~ S NV A PR -
FHEEANEAE (cn) 1.1 -
HHEBEANEES (cm) 0. 04(Iwhnf-4) -
HEBERAE (cn) 0. 852 397
1R AR 372 0
HIEBEENTAK 24 0
HEETAH 1 0.1
ok BATTE (en) 0.1 23. 54
BEEEEE v F (cm) 23.54 2.1
HHE (n (0. 3140. 6+£0.3)+0.6+[0.3) 0.79
Vm/Vf 1. 06
[ M| 7T 3%y b

 FO R
B A (H¥e) 810
O (MWL) 2432
FLoFMmE®E (n): 4.37 ( 4.80
T gy (kW/m) 17.47
BEHE S KK 313 66 )
HIE B AES KR 85 o D
nEZHBRY A7 4 6 )
ERREPUEAE (Wt %) 5.2/6.6/8 1/10.0

(B HFEMTS vy b, TS0y VOSSR FOERERTE
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RCC guide tube

Rod cluster control
assembly(RCC)

Upper core
support plate
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