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A Feasibility Study on Reload Core Design with
Duplex Burnable Poison Rods
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Abstract

In order to evaluate the feasibility of duplex BP, nuclear core design was performed
using optimized fuel assembly contained duplex burnable poison rods. Korean Standard
Nuclear Power Plants(KSNP) based on 18 and 24 month fuel cycle were selected as
reference core. As the results of core calculation, pin peaking and MTC of the core with
duplex BP were similar to those of the core with gadolinia BP in two kinds of fuel cycle.



In aspect of fuel cycle length, the core with duplex BP based on 18 month fuel cycle
showed few days difference with reference core. The calculated fuel cycle length based on
24 month fuel cycle was longer 7 days than that of core with gadolinia BP. It was
confirmed that the duplex BP is applicable to the extended fuel cycle core.

1.4 &

A7l wAdel Bl NS Aol E M aEla = afe] vleR AAAL 7
T 2dA AR e 95 Adetrl fEA ol Jid e Tl SEe demdAE
TaolA AAE v gl olegrE 7HAA 5% (Duplex BP)O] 7E= AR A (fuel
pellet) 7719 2AAE ol natural UOy-Gd03E, €149l enriched UO:-Er032] A
2 08 5245 A2 dHE ofFa 9lew I8 19l Duplex BPS 725 YES
otV A Ao s oleld Duplex BPO &l47 ZwolM el 548 w7tetr] 98l 3719

[e>

1

REe

A 7+ EE(mtegral burnable poison rods)®! gadolinia, erbia, IFBAS ©]-&3}4 57}
SEARAE AAG F A5 Austdrt? wE dAgel W ugEEASe Fa 18
ML} 24709 F710] g A=A Ads AFAS QA ds JEA w3 A5
Ae ksl 59l A Duplex BP7F 7Hd Hetdh A 54dS ®Below HAFeEY S
Hol A= AAm FJFAU v 588 g ErbiaZlt 7HE @2 A5 eE8S B
SEA7E S¥oA = IFBAZE 71 FatAl ey JFE52Eo] 7HE A& Ao®E e
Ui, EALEASF SHE 05 eV S A E=L FHEFTFEHEA S 2= ErbiaZt 71
wo S(-)9] MTCE HAt. 83 o2 Duplex BPY dHEAL RalZuASo AFE=E
=] A Gadolinia®th £& MEAS BYoy AEALEAS SH S A7 =1
MM = A FARE BEFS E‘ii‘jr.m

AE AA A A 83Fe] Duplex BP9 =

A A BgAe B = 18709 3 240 F71¢] 93 3/457]9]
=aow dAsion =4 A A 37HA FHAAW agEtt. Fr1Ho], HAFEE
g 2y AEAL A STt nsta Ay S b FAES A

2. Duplex BPE &3 =4 A7

21 HA Az HFA

At Aol A Duplex BPe] AAH Gz tis i e B4S T 24 ddg JAdAE A

Attt 12709 1671¢] Gadolinia BP7F Fd ¥ dlds A 57FE ©]F+ Duplex BP

o Vs AAstaL olE o] &3A HEFACl dMAm JAAE AAsEATE 12709 1674 €]

Gadolinia BPel tial A 212 16709 2470 2] Duplex BPE o] &3te] 571 HFS =25 2t & S
Rom, i v, 5549 vF% 28l 559 X e AAwSsd d&] Uie



BAS FYstgth A4 9AR Q%A APPEe 244 24 AN DEAEZ WA
Atk Shbs A2 F UE E(ump)EGI Lol dehbs TaFulASRe 23 FFALS
Farzlm Add 7712 gae gAFAe o, ® st 9dn 4gA AF8EY
2 Has N2 5 AES AT SR A GEALEAFE 2 WS} g
W o Ielstd gtk 1Y 2 oY@ UL NHFES AW HH AR 4
Aol P22 e Aeln ® 1e 187195 24709 F71el tlg A4 Duplex BP AAA%
2 bl Aol

2.2 Reference Core

E Ao A= 187/ E ) 24709 F7] =A4lo] tha] Duplex BP9 A E£4S R8sy 98] o
# 3/4571E vl =4 ow AAsAT. dA daRed dARA e =

719 1812 F719] F 7FA7F slem 24709 F719 AFL ofx A & At 187
4 F7] 3A =4S 15719 2577 | 9 3457 dqdE JFAE

ow 3F7I5E 180 3uiA =@ oz A, Lela 5F7]elA o= Ax FPF77F

l
o3
L
o
ol
2
e
)
of
R

AYEa pgean. B 24709 F7] 3w =AL 1871 FrlE FE A REd =
e 2he F7IE et WHS Adste]l w4lo] 2470d HPF7] FHEe Thed e
TUEEE aqdth ol wel 657 FE 2449 3 A wF o' HAASGA, 9F 7| 7A 2o
sto] WP =AS EESAT & 28 S RTIAARE w4 240d F7], vl w4l &)
AdE HEA ARE YEbd Aol 177 % 257]= 12709 F7] 9% 3457 =A% vt
AR 27eAdE AsFEES AMEsHA &2 ddam JF{A, 5271 A =% A=
H&A, 10078 AFsH=es AHES Ads JFAZE EF AREHL o A =4l &
Aot ddm JFA= BF 520 AssHEs dds JdAE AHgsta v A s5=%
of AHgH AF A FHFETS L sFLEE v 27 =Ade vF5EE 1.0 wtk 9
FAem AFH 4ol 05 wtd Al sttt & @ 2= Gadoliniag ARt glow 1

0]
=
=
o
o

B =4

F71 2 2F7AME 6 wt Gd0sE, 1870E3 24709 F7] B =A7kA BT

G035 HAFehw A5 EFsto] AMESH 3F7] o|F=2 5577bA 1870 57

=AY 6577158 977 7bA] 2470 W =Aldd ¥ = Gadolinia BP A5 3 A

ZF 1270F 16719 7FAAd =85 Abgste]l =AW E8 S Aot AEd Al ¥

NASTHFA = 1871€92 45/4.0 wt%, 24L& 495/445 wt% A= JFA7E FA
=AY AR HEA ALY FHARG B A5E FGAAHEAFLZREH Y FE)

o

RUT)
32 oo A o

R ESY
ol

=)

*

2.3 Duplex BP =41 A7

Duplex BP =41 & dAFelA Fadstdd 4 A
Al A mEe mnl Aol AR 2 3
FAE Y AR FHdst= 57 = stk 1571 2 2574 += 6
wt% GdeOsE AM&3la, 357] o]F =2 557|714 1809 F7] HE w3 6577]5H 9577t
Ao 247Md HE A FdHdH= Duplex BP 35 [A= 22 1670 24709 7194

=Z] t‘;ﬂL

N
=

N

A

olgatel AN =

= Duplex BP d & F

-~

Py



HEe AT A wAd dEEe ¥ = ¥ 2eddAEe sdsA 18
ML 45/40 wi%, 24D 495/445 wi% HAR AAS @k 17 3 184L 7}
2404 F7] BE = FAEFE vEhd Aol =44
2 ol gdte] Fastge. 00

A= HELIOS-MASTER ZAHA A

3 =AAL A2

3.1 F7] 4o

%—71 Zo] ZwWo|A Gadolinia BP =43 Duplex BP =4& 1879 F7]ol= 2 o7
AARE 2470 F7]ol= 7Td B F71Ho|7F AFHATY. £ & 240 3wA =49 &

—r7] o] 3 Gadolinia BP ¢} Duplex BP & HFAES AA3 Ao F7]dolE v

Aotk 15719} 25F7]9+= Gadolinia BP9} Duplex BPAIE =4 5 434 1270E F7]

-

o 081' g0

N

£ "WEshE Gadolinia S8 FAE AMEste] F7] Zol7t #dsith. 28y 3F7I R AR
0E 74 58S AFESH HERE ol F7] Aol ofzte] Wt k. F =4 25 18
ME F71 =Add s 557714 B3P eils o] FA+=d Gadolinia BPE ©]-83F =419
7% 4309, Duplex BPE ©] 43 w=Alo] o= 428U R 299] 2o]E HPom 557 A
HEE o|FA 25 & + Utk 6—21‘7101]’\1 240 =g o8 AAste] 977 F =4S B
T HYEHE FAYY 2409 F7] P A val Ao HlE) 9F 7] 6079 2 600 ¢
F714d0]E H<Ql Gadolinia BP =4lel wvld] 7¢ AFHALH AEH o2 F7|do] FHo|A
w 1871 F7lel dsiAe & Aol7F fiAT FFUId 2470 w4l s e Bk =4
@] AAH SHAA Fesie & 5 U

32 FFEEd

AU HFEEEEAAE dAAA Fosk AA AT F shutolth 24/M€Y U] S x
FHAAY AN HFEY &= 1552 olth. 1Y 4= 1870193 24709 F7] Duplex
BP x=4lo] vAwer 9225 Uebd Aojth 1879 =A4lol A= 1172, 24719 =4 oA =
127198 RF AASEAE et =4 HAFeE9dx SHAA= ddm A9
NEA AATe} FAdeA AN HFeEdFErS AAA AdxFred A Gadolinia
BP =A4lRT v HFE Z9dx WstE Bt 19 5% F71d FP w49 Fra LHER
Aolth, 24704 F7] Aol giaiAE 1871 7] =4lol vls] & AolE HolA i Ak
g A A¥ES ®Bla, 156 MWD/kg-U oA Blud & Zoz HFEEHAA7} Z:Li‘g}l:—
Gadolinia BP Coredll H]3] Duplex BP Coret= A&d84 o2 743t} 71 HE

H

5 a9 62 T
Ao Fog Webd Zolth 18719 F7] =41 vbaweke] dig dFeE9 43 fAFSHA

AAH QaFgrel eA ma wie] we) e HFEREAS malwd uAY 7 e
& 15 MWD/kg-UZA #AH# 4474 %% Bolth7l 1 o] F2 Gadolinia BP Bt} o} &

ATERAAAE nsle



% Gadolinia BP

A5 F7]

9]

]

7] =

=
-

uhe} o] 18744

-
.

4o A H
1 - 0.004%<]

3]

hyaA
ar

B

el

A8 el

itk 2474

PN
T

g -0.007% A= A e

153

i - 0.002% 9]

S

749 F7]% Gadolinia BP AF& =4lo] H]

3
A

il vl el n
=

.
1

187 € o] 2471 el W]
7

1
o

2 ago=
=

—_—

o
el

o

el

¢

1
o}

z
qr
Nl

AE=ATE BAor 1871€ 7] Duplex

18703 2470 Lol i

B
o

7o A o} 2ol A

=)
ABA%E7F Gadolinia BP &d w=4lof] H)

TRbell AA

d

s

Al HlE diaE

s

d

A}

Gadolinia BP
sk B vehow
AE A YErSth

1 80 ppm

9]

Fz 4

)

gol neh &

e

S
vl

3] Duplex BP #

Al ]

Gadolinia BP &A=

o]l;:

Al
=

Duplex BP &#%=4¢] Gadolinia BP &3 x=

Zoll=

dleh 2ol 7]

1
T

5ol Al 1.
=71

9]

ojty. &

of ]

==
T

prd
=

o A1 18

At v 24784

17 Uhebsteh ool whe

S

o =
1 4]

9]

=

A

o
T

A E=7r da A 3ol 2A

o]
=i

-
L

4r

oo

i Gadolinia BP =4l 2.t} Duplex BP

9]

MErh 24709 F7]) =Ao t

F ek

4 8

4.

=
=

15 f(ﬂ

Z 2 Duplex BP

i3

I =3 18703 2470 7]l o

e

9]

& 7hsdel o

3|
A

o=

}

file)

A =2

A=EA G 3

Fol fhol

A
=
-

Eas

HAAE, AR

24704 F7]l

w4Q)

A HERsk AR, ST

A}3]

[e]
in

- =
LIS W

3l A

of o

w4

|

7

4 F

7R

18712 2470 25 2 Ao glol

Fr&

o
iy
™
el
W
A

o

st

o

al

Holx ¢

=
=

Fole] MTC #}ol

A}

s 2

]

QARPTA ALAT} FO

A=

1

|

HA LHERS T

S

o]

N

P
T

A}

=
=

$1 AAA} giF-E Gadolinia BP

el

Bk a8y

)

o



ZuiEd
1 A528 AFgds A ; 224837448 B34, KAERVRR-2023/99, pp.37-38
S Abe A2, (2000),

2. AAEAE|EE HFROA  2AS5AE AEFAT H =4 @AEAA H7HVol 2.2),
TR.95Z]J16.J1999.115, (1999).
3o, AR 9, “FF7] mAlel Wi o]T E A EEY HEA 54 B, F=
°JX}E'”‘§4 FAStER R =T, 4T, (2003).

o, “olF Tz 7tAG =Eo] HAEA 5 HUE Aot AAEe] =1, (2003).
5. R. Stammler et. al., "User’s Manual for HELIOS,” Scanpower, (1994).
6. B. O. Cho et al, "MASTER-2.0; Multi-purpose Analyzer for Static and Transient
Effects of Reactors,” KAERI/TR-1211/99, Korea Atomic Energy Research Institute, (1999).



¥ 1. 718 34 Duplex BP A A%t

Parameter

1871 € 7]

24704 F7]

Inner Fuel Rod Material

Natural UO2+12wt% Gd2Os

Natural UO2+12wt% Gd2Os

Outer Fuel Rod Material

450wt2% UO2+2wt2% Er:0s

4.95wt% UO2+2wt% Er:0s

Inner Fuel Rod Diameter (cm) 0.54480 0.56480
Outer Fuel Rod Diameter (cm) 0.82550 0.82550
Cladding Outer Diameter (cm) 0.97210 0.97210
Outer Annulus thickness 0.14035 0.13035
F 2. 957 A A% ddm HAFA A
Assembly U0, wt% # of Rods Burnable Absorbers Cycle
Type Normal/Low |Normal/Low | Material wt% # of BA's Used
A 1.40 236 1
B 2.87/2.37 184/52 1
Bl 2.87/2.37 176/52 Gd 6.0 8 1
C 3.37/2.87 184/52 1
C1 3.37/2.87 128/100 Gd 6.0 8 1
D 4.00/3.50 184/52 2
D1 4.00/3.50 176/52 Gd 8.0 8 2
D2 4.00/3.50 172/52 Gd 8.0 12 2
D3 4.00/3.50 124/100 Gd 8.0 12 2
E F G 4.50/4.00 184/52 34,5
ELF1,G1 4.50/4.00 172/52 Gd 8.0 12 3,4,5
E3F2,G2 4.50/4.00 168/52 Gd 8.0 16 3,4,5
HIL]J K 4.95/4.45 184/52 6,7,89
H1,11,J1,K1 4.95/4.45 172/52 Gd 8.0 12 6,7,8,9
H2,12,J2,K2 4.95/4.45 168/52 Gd 8.0 16 6,7,8,9




X 3. 2470 F7] 3¥l A Gadolinia BP9} Duplex BP =49 F7]Zo] B

13712 F71 | 3F71 | 4571|5571 |6 F7 | 7F71 |8 F7] | 957
Gadolinia EFPD 353 338 401 430 430 595 602 600 600
BP Core [MWD/kgU| 13.014 | 12.488 | 14.800 | 15.884 | 15901 | 21.996 | 22255 | 22.186 | 22.207
Duplex EFPD 353 338 400 435 428 604 606 608 607
BP Core [MWD/kgU| 13.014 | 12.488 | 14.759 | 16.104 | 15.795 | 22.359 | 22.431 | 22513 | 22.484
E 4 Fe ARAGAN WA E EEEEAL
18 month fuel cycle 24 month fuel cycle
Gadolinia BP | Duplex BP ) Gadolinia BP Duplex BP .
difference difference
Core Core Core Core
ALz 1.303 1.308 -0.004% 1.3562 1.3533 -0.002%
AiF FHUg 1.339 1.330 -0.007% 1.3295 1.3258 -0.003%
E 4 FaAdnA gl A AL EA S
18 month fuel cycle 24 month fuel cycle
Gadolinia BP Core Duplex BP Core Gadolinia BP Core Duplex BP Core
No.Xe. BOC -3.26 pcm/C -4.97 pcm/TC 3.44 pcm/TC 2.52 pem/TC
Eq.Xe BOC -28.27 pcm/C -30.52 pcm/T -17.11 pcm/TC -18.17 pcm/T
Eq.Xe EOC -70.93 pcm/C -71.45 pcm/C -72.80 pcm/C -73.36 pcm/T




4.95w/0 U Fuel with 2w/o Er,0,

Natural U Fuel with 12w/o Gd,0,
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(a) 16 Duplex BP (b) 24 Duplex BP
@ High Enriched Fuel Rod |§| Low Enriched Fuel Rod
|§| Duplex Burnable Poison Rod @ Guide Tube

19 2. Optimized Assembly Configurations
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K2 [ J2 [ K2 [ J1 | K2 | J K
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(a) Equilibrium core based on 18 month cycle (b) Equilibrium core based on 24 month cycle

I:I Fresh Fuel |:| Once Burned . Twice Burned

19 3. Loading Pattern of Duplex BP Core
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(b) 24 month fuel cycle

19 4. Assembly-wise Relative Power Distribution of Duplex BP Core
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24 month fuel cycle

— 7T T T

BURNUP [MWD/kg-U]

Iy 5 Axdd wE Fr vl

1.246 1.106 0.970 | 0.614
1.245 1.091 1.067 | 0.662
1.246 1.063 1.172 | 0.697
1.274 | 1.189 | 1.226 1.089 0.755
1.134 | 1.101 | 1.251 1.170 0.799
1.026 | 1.029 | 1.266 1.263 0.824
1.185 | 1.162 1.048 | 0.563
1.122 | 1.116 1.088 | 0.595
1.055 | 1.067 1.137 | 0.622
1.196 | 1.127 | 1.025
1.249 | 1.089 | 0.995
1.290 | 1.055 | 0.966
1.019 | 0.562
1.065 | 0.584
1.114 | 0.596
BOC 0.559
MOG 0.634
EOC 0.667
(a) 18 month fuel cycle
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