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Study on Core Characteristics in CANDU-6 Reactor
with CANFLEX-RU fuel for the Low—-Void Reactivity
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Abstract

The use of SEU(Slightly Enriched Uranium) or RURecovered Uranium) fuel might be
reluctant in the Korean licensing aspect of reactor safety due to its increase of coclant woid
reactivity, To design CAMNFLEX-RU fuel, it has to hawe equal or smaller coolant woid
reactivity and power coefficient than those of 37-element fuel bundles in CANDU-6 operation,
Therefore, various models of low-void fuels are established and lattice characteristics for each
model are analvzed at mid-burnup in this paper, The lattice characteristics of CANFLEX-RU
and -ST(30 % Anmilus) fuel bundles for low-wold reactivity are compared with those of
37-element fuel bundles in CAMNDU-6 operation, CAMFLEX-ST(30 % Annulus) fuel bundle
design iz preliminary selected  for low-woid reasctivity fuel and its core characteristics are
calculated, where CANFLEX-STI30 22 Annulus) fuel bundle consists of a Stainless Steel rod

in the center element and BU fuel in others,



HAg o] WEHS WF d5AE + 52H, 22y 0
£

i A7

Pt
i
A
ua
ful
st
I
4
A
Hi
1=
1%
rg @
5]
i
kl

g Atgstoiof 3T} o A2 JE ARE 1wy

2 o] 2 27 RTE siejo} T} T}

M Azzsals TE olet EEW 2% 2 W4T HARS MULs] FHA
L2 gXE x4 SEI UYL 5 L2 HARS dshlof BT}

ST L2 Hel 2stW, 24 AREG TS S2E(CANDU-B) =0l WA o]

M E0] TXEE 1 % OJHEHA 08 % Wt Aotk ol

DHE =% satE MR 2428 7 1HLk

T WERo] MAR DAL AR BN,

&
re
0
.

Hr 4
o
4TI
|.|-|
L=
=
re
il
1=
0
2

f¢ Moom

2 or o

" ra

o 2=

o o

o

)

Jd

ok

Hl

1§

[kl

it

e

n

1=

2B

L

)

=)

=

=

=

L)
rr
A
[
[
rh
=
2
"l
H
=
E
5 i
~
f
=
Ak
=
=
Lk
=
i
i}

okt
A
SR

0, 2
500 W AIEE 2 2

AL

2o oo R

0

o]
=]
s

o
rJﬁ
rE.
il
i
2
|:|.':" =
s
H
[
=3
=
-
C'.
El'.\
e
=
1=
2
o
0%
I
H
Sl
e

StTh mEbd 09 %2
23 545 AdSHELLIL]

2 B4 A Fdo] 25tH, 2420 28 HEEE ABE B2,
1mstel d2 J1E U2t the dEE0] AR erddo] Hs
EFSICE T2, EEo S3H U AEA, 53] F4A 1w
Rol ZE 2F0IL HELTFL AHEO]

1
32
|.r|
o

rhe
ifd
rat
il g
qi
m
Hr
i
rrrg

_H
nlﬂ
u ]
b=l
= =Y
qi
™
el
-
22

T
i3
L}

e o
U
1=
Lk
i
-t
2
L1l
32
il
(.
oo
A ]
|.|-|
0
Ik "
{0 =
W
Hr
o f:,IIE
R

0
qn
o
b
|.|-|
Ik
[k
=
|u
=)
=
m
=
=
[a
ra
H0
]
r
o
e
ok
Ll
0
rlo
=)
=
E',I_'.

=
A
ra

o g T
|.|'|
)

M
Hr
)
1
=
-}
i
r2
rk

dtordor oo 02 oy
rg rHorg one
rlo 1 4o

L=

l= HUop

el

op

o

ol

|.|-|

E',I_.

58

=)

=

~
oy n B2
|
|d

& ore

|.|-|

1=

rpe

ks

o

i

F

e

i

1

)

1
rgE ot
e

1=

k)

Hod e o Az

Ho 2 Hl
e b
il

r|r =)
[
2 1
4o
2h
o
|2
H
*

| J'Di'
=
oo
|
2l
E',I_'.
)
o0
i1
14
2
!
kil
iz
oo
|.|-|
0
2]
rat

I
e
=
-
Ik
)
rr
rII
=
A
HU
NIl
o
ol
=
T
i
1=
okl
I
Jic
=
e
e ]
rat
in
|
o

At
e

=
gl.‘.
o
R
2
0%
oy
|
A
@
w
oje
ch
re
il
e
=
b

M
o

.
e
=
o
[
"
Jﬂl
re o
i
inl
e
o
e
oy
i
0
E
=
r
ofT
=
B
[mn]
=
1]
2
afn
ra
04

T Ho
e
rg
i
ofT

4o 2
=2
I

ol — M ol o o

Hi
r=
R i

1k}
M2 o
=
e
I
Jﬂl
re -
i
|
2
1=
4d
=
i

F|I"

ra qo 4
i H
B
z
2
=
=
=
|.|-|
o

flr g o =
e
rg
i
o
LN
. -
=
of4
|
E
3
0
H
m
X
=
=
rg
i

Feo W
o

=L
ru'f 5
o
jlr)
=
m
oy
re
qk
o

power coefficient?t 2l J1EE9 37

EETHE 4AS 7123 Cherl MEs
' Ho

e I
i}
|d

n}n: I-I'IJ
i
_>t
fr
0k
'KJ
:I:'.
-
Hl
e
oo
|.|-|
m o
Wy
=

o

=

I"

i
chaarnt A S HsiA CANFLEX
3151 2 R it AR5 ESE A, 22
CANDU-E & 370 HARE Thes] JASHu dlwd v A A J2HEEE =
HAEEE HUE JH5HH oo Wk ki SHS HE

H
e
o

£

rh
=

7

o
0
]
n:|r



Hg AxalE A
% s3Ee ZAHE e 2o

U-234 001625 T1I-235 : 082 TJ-Z236 @ 034922 TJ-233 : 98,7443

i =29 CANDU HAE S D HEA= AAIEEH POWDERFUFS - V (FFV) 2

C ] & AtE5t2 9113, WIMS - AECL ZL [f] 7} BEEE AEX Y 12T, RFSF 2L [6]
2 0]B5t L UM S 2WED T HARBCET 0]EHD 9= PPV ICE HH S;yEES A
S5t Mol CANDU raojgh HE51E2 N80 mas oo AEsln otk TRid =
% sal5e AIBY Ae THX AHEDo] Aflwo] JZe PPV BLY AES

18
145}
E',I_'.
-
i

£z L
HEE B A3 E JAAZLE WIMS - AECLZEE L 43T T RFSPF ZLE 0]EshA
AELL 4 EdALE £3EET 0l Of 2 822bss] 22 Hd22lmH ALY b
01 8 Bundle Shift Refueling Scheme W4 4 Bundle Shift Fuelling Schemes AME ST

e ZESs 085t Az SR E =8Fds HUERL XA s 2B, AL
o Lo Eds AMetEnh I AR HAXE 02 LA zenon worthE Adstl 7E
T2 2 dhEL HOER L] srE LI et AiS SsTHEETE

AL ER D =9

CANFLEY HARTHY HHE 7227 AJZE ¥=
4T F2 NE FTHEICANDU-E)E] L it o
CANFLEY HHRTIY HAZE 7 22¢ Cjgst g 7@
Hdg 245 B 1 2 o] HFstET B 1 o= CANFLEX AJ=
HAEHEE WY £ = CANDU-E HAEE 37 HURE O] HAXRELED £EXH 3
Ch B 1 oA & 5 2l= High o] =8 2oty MEEE CANDU-6 H3H0 AR F=2
37 O Hesdty AR E g Hlwste] W2 1 E SR T E0HES ¢ 5 RO

saztES AEE E3F FHEE 5 Ll §42 E2 9 HoE ddy JlE e
Tolth EFE Tl A AN E F4E A8 #3™etd M 28E s 310 Negative power
coefficient G0, JHEPE HA =29 S+ZE(CANDUG)S] power coefficientE  ~0.00]2}
g o, 20z o] BEois Zotop T} mhEh, E2A 2N2wERE S011 power coefficlentS
A JlEEd E+E(CANDUSIELDH A 517 st Thdst =822ty Hds 225 36!
o o0] Ze HAsr e Wi 5L S AT = Usa 2o

CANFLEX HEBTIES #3 HHE7 B =83ty HHEREE TYUT 49 CANFLEX
-RU HERLHES AMESHH J|E 378 HERED WEHLTI 80 X oY 7KL, MLHR



(Mamirum Linear Heat Rating)o] 17 % F L T435Md FAdolu 228 {57 7ML
J#L 2] 2= 92T 2 10 3% S 21510, power coefficient?t 00037 mk/%FF Z V5L 0]
Wik JEEE L 2] =7ts dXRe] ot de] 9SS Z0, power coefficients] SItE E4F
A A TS D13

g

Z22tE CANFLEY #Hdgs] Hzk JEUEL 9 power coefficlent =25 7| 37
tty MHERE ChEe 2 Hlwstd AL £ EHEH] f5hH, 2 97342 1 &
9 i F2tss] UEd S ren® IHE CANFLEX HARDHY A2 ZHEY
AMEstY, UHA] HEHEEN =82chky WHEARE AU 4£9 CANFLEX-Fe HHE L] HAAE
= ALEtET o] AdEnE 37E HARTHREE] ZA HjW sk F2] EYREEIFE 2
power coefficiant?F 000045 mk/>%FF 24 SPHCH CANFLEX-Fe W

5o wrE H4L = 3TE HARH HIEH BB 22 SIMEMR U CANFLEX-RUM Hls§ 20 22 AL
HiE0] Thh BHES © 5 0 Ti2b e A4 E Z7MAAH 2HdS T 7

21 ##l fren® FFEW FEE M iren® BIL] 10 2 o~ 40 2 IR ZAAH AMSEELDE 37
E fHg "HU AR xS LS} power coefficient?t Zr2 WA burnup penalty 7} R FE2

A2 fronE & B E 10 2 Z4AI7] Annulus EYUE 9 4 Th

i)
Fs-
E',I_'.
&
0

L} 2 iron2t AHE0] H]S=TF Stainless Steel(33)2 1ME CANFLEX ®HFECOHE HA 5
ZHEW APESY, UHHA HAREN =832y WERE FYUTH £9 CANFLEX-3T #HEE
¢ AZANEHLE AMEECE 0] A4 2ats 372 WAZ o] A A Bl Ete] H2hA] EUE T
2, MLHR2] 14 3¢ BX, power coefficient?t 0001558 mk/%FF Zr£25FH T CANFLEX-ST ®H
Eo WE HALE 378 MHge] 210 v|WEkd B0 % SF1EMH 2L CANFLEX-RUG HJEH 24
L d4sh BHAdo] i EWES ¢ £ ST T 2HE 94 E SIHAAH BHdES
TFAPA 1] A rensdF OREDPEAIR b=l 23S £9 55 2 22 10 % ~ 50 2 7
ZaAlH AMSECE o)A 2= O™ 1 D 2 g 2ok O™ 1 Y 2 o LpERAER 20,
CANFLE®-5T =] W2t JZE U= L9} power coefficient = 39E #HFe] B0 &0} o] A
2 burmup penalty?F Z1E B2 A2 Stainless Steel B2 BEE 30 % ZAAZ] Annulus E Y
£ Y4 el o] HHE S CANFLEX-S5T(A0 22 Annuluz) £ ASHELTE

o

o
-

Ate] FAERE JZ 37 #HHTE, CANFLEX-NU 3 CANFLEX-EUJ, HARS & 7|2
HHEHE PY THO CANFLEX-STI30 2 Annulus) HAES] 1 A£H d2] I =E
CHFE WAL pelative power coefficlent S E 2o Az]sMELE

E 2 TEE W2k JE B2 L&} elative power coefficlent?t 712 372 #HAHRRTE 2
I hurnup penalty?t 71 A2 212 CANFLEX-ST(30% Annulus) CHEYES o8 2 21T} o] of,
CANFLEY #HE COYE AE2T HHg= AT e mgdo] H A£=2] gho] ¥ =

T @ =+ S0

JHPE CANFLEX-3T (30% Annulus) CHES AMESHH &9 378 #HEgg H|WsHA
W AEHEE 14 2, B2 JE YERE 3 3, Wt MAEF TR APERE 37k TASH W
£ HAAEE 260 % HFE SIFEHCL EE #HA 378 MARS power coefficient® I @4T

2

WA 022 & o 2 AHI AFE T 2t S 8% Negative power coefficient &



FdEdzr JdEd A 7 B § +8Fdks HEE, CANFLEX-3T (3024 Annulus) 2|
=

= wEtH, CANDU 6 & CANFLEX-NU =

2] Z&1} CANFLEX-RU “—Hﬁﬁ—] H2+= CANDU 6 HHEg 3} Hluske =%

2] Z0lZ 80 % ol& ZIHITE J# U CANFLEX-ST (303% Anmulus) BHT2] A2E A 7]

EUEEE F&td HHER OhEy JtEd AU A" Bo] §9 eEE WEHLRT

CANFLEX-NU ®HHT o B3] 53 2 S715Lt CANFLEX-RU HHE R H|51H WEHL T 17
5. 2+ A BT}

T 2 AEEHE CANFLEX-RU A g ZHHE 201 6570 KWol, CANFLEX-ST (302
Anmulus) HAT FH F 23 6499 EWE CANDU 6 HAEE FE 37 A #FHREly HHEREE
Oy Zd F2E0E 22 Pon, 2 CpUEHE CANFLEX-RU ®Hg ZHH FARI7F 770 KW

o1, CANFLEX-5T (303 Annulus) HET FH ZA=F 7 767 EWE CaANDU 6 HAIEH IS
37 M Hesdly HERE oY A FRETE o7 U0

T3 CANDU 6 |AZ2 2] 21& 37 A ddfdly HHdgE o 2 32, CANFLEX-RU

#HHF FH JFF L CANFLEX-3T (303 Anmulus) HHE T ZF2 2] A7 T alo s

=L 7o) I WS EIE A 20 242 § 3 & ZT CANDU 6 FAEAM £EE
& E =zenenm-override S¥& F4T I¥ 3 = CANFLEX-NU, CANFLEX-RU d
CANFLEX-ST (302 Annuls) HEREE A AlEg HE BE iy A2 HA =
wenoh tansientE LEPH o]t} CANFLEX-RU #HHEF 23 L a2 zenon buildups 2F 11
mkEA FHEEE T DAETH 2 3 mk T, OHEE CANFLEX-RU HHT 'ﬂ'ﬁ/‘\] T3
B2 S LE 147 mk B4 308 F9 £25] zenonS override ¥ 4 21T OEbY &8 23}
55 AMESHE SAHZE ¢o] ¥4y 2EE80] AHE P1EETh

It CANFLEX-RU E= CANFLEX-ST(30 % Annulus) ET A LA Spatialdt
Bulk Contrel & YHSIE Zone controller = HAAZE 7|E 37 A Hdzdly FHREE OUS
2kt H2HET 3P E H2A4 WA go] AME JHESHE, CANFLEX-RU E= CANFLEX-ST(A0
HE ZTH L2 Mechanical Control Absorker = HAES] 21E 37 N #d=2g}
W AT FRET O #F2B2 AL JES0R MU MCA & JEdE
=

h_='-.
rbu
i
H
=
1=
_':'1__
ik
i
ra
b
|-r|

M

B2l AMEY FE, T4+ZE oy WS ME OYREL S Negative power
coefficient 2] TWHEAS WHEAF]7] Hahq Ciust HHg P8o] 3t AMS 3B SHEOH

J ZNERE CANFLEX-ST(30 % Annulus) AR S AMESIH 7
witq W AEHE 14 2, 2 JE BEEE 3 %, 97 HHEE o A
I, WeE 920 2k60 24 AT 251D, ¥4 378 #HEgs

ap

k!

3

[al

o]

m

fom 4

=

]

=

-t

it

oy
s
re o



oA 0 ez & of T A AVE 2 8T Negative power coefficlent 8 1S THSE £
ol=2=2 ol A l:u]]:q.
AT = = T A '

Oty 2420 T2 s, CANFLEX-ST(30 2% Anms) ®H
7} CANFLEX-RUO| W13 2F 17 % £1 6 HEE Thy AE™] 207 % 5
Yashl, BEE0 Negative power ccefficient U&7t 2718 WEIIEE, H Jz9EEE #E
E REE ddsts 0] sty k53] ZEo Ay moELh

He Wos ZHE A JEVSEE Fsiq FHEA AHY"A A" Bo] S0 8
CANFLEX-ST(30 % Ammulus) HHEE2 AlZh-Eg L ASZge] sy, WEH4T
CANFLEX-NU HASH Hlzl 53 2 27t CANFLEX-RU HH B H|st1H HEHLET}
¥ WATICH T3 CANFLEX-ST(I0 % Amnulus) BHEEE= 2 WEL H 0238 Y2 71E
A#ZAERE AW glo] @4 wEr 2EIP AMEO] JHEsiCiR THECE

JHLy o4t 20 E BE CAMNFLEX-EU AMEA] AZ|=E B2 B2 T CANFLEX-3T(30
#% Amnulus) HAEF =] AMEO] pEd] BEM = ALY, Stainles Steel O)2t= HEZ AHES
TEH ARZYN OE AMEEHL SHEAAH G5 BEEA ¥ U2 B2 URE
AE 2k UL Atole} whEwbat B3It CHF 018 2 8l= 3

EHEX
Az ZHEE gle A HAE 200 2 ZoH, oiEd ZAE 24 & O FE3s
H &l

1

=
=1
:‘_1'__

%
K
s

i}
ne
4
il
i

1

HE Ea7 3T

o

HC
rir
r{d
rlo
H

srlgnel AR A7) @AY AP UBeE 28

B

=1

5 FAF

] gz, dAZF, A28, 427, '=8fdes AET =55 =T I 1977, T4

i

2] BJ. Win, BG Kim, K-35 Sim and HC, Suk, "The Use of Graphite for the Reduction of
Void Reactivity in CANDU Reactors”, Proceedings of the dth International conference on
CAMNDU Feul, Pembroke{1995)

3] EJ. In, BG Kim K-S Sim and HC, Suk, "The Use of Graphite in CANDU Fuel with
Recovered Uranium”, Proceedings of the 5th International conference on CANDU Feul,
Torontof1997)

4] E. & ¥, Tin and P, C, Loken, "FOWDERFUFS-YV Fhysics NbBnual®, TDAI-31 part 1,
AECL, 1979,

E] 1. ¥, Donnelly, "WINS - CEMNL A User's Ibnnul for the Chalk River Version of WINS",
AHECL Heport AECL-8955, 1986,

E] O, A, Jenkins and E, Fouken, “Feactor Fuelling Simulation Program - RFSF @ User's
Ldamial for Bcrocomputer Version”, TTR-321, Fev, 1, 1993,



¥ 1 AUz E #9735 ¥ £H
MLHE Coolant Void Discharge Hpelaﬁve Snmmial Fuel
(V7 7] Reactivity Eurnup Co E?;?;Eié - Eundles
Fuel Tvpes (k) (WD WIT 1T (/% FE) (Bundles/vr)
37 -elm. (N1} 57912 1441434 70855 00 4672.004
CM‘{%%{)‘”U 49,015 15459894 £997 000137 4674578
CM‘E%%}‘HU 49528 1591076 1303 000369 76 16,804
CANFLEY -Fe )
GANFLEX - Te 50941 1393768 11070 000002 3177.115
CANFLEX-ST
o fare) 50.974 1396273 11133 -0.00002 3159.136
B 2  RFSP Time-Average H2HZ 1l
CANDU 6| CANDU 6 |CANFLEX|CANFLEX|CANFLEX-ST
(PFV)  |(WIMS-AECL)|  -NU -RU  |{30% Annulis)
Tetal Reactor Power (MW)| 20614 2061 4 2061 4 2061 4 2061 4
I“’Iaxpigg‘reﬂhfﬁnw FEA2, E583 F5A3, BE70, £499
Location N-17 P-07 P-08 P-08 M-17
ﬁvﬁgﬁrﬁiﬁﬂml 5475 5475 5475, 5475, 5475
Maximmim Bundle
T RTT) 301 7 791 5 790.6 774.7 756 5
. P11 P-0F P-0f M-8 Iv-19
Location (bundlef) | (bundlef) | (bundlef) | (bundled) |  (bundles)
Radial Form Factor 0824 0,824 0824 0826 0,835
Axial Form Factor 0684 0,693 0694 0707 0,715
oerall Form Factor 0564 0571 0&eTE 0had 0,598
K o 1001182 |  0.996500 0996500 | 0996500 0,996500
ﬂve{%ﬁﬁﬂnglgﬁn”p 3344 3395 3718 5925 4972
¥ 3 HIEL 73] vr2n
Adjuster Bod Zone Controller A
(1o ) {1z ) {rmle)
CANDU 16§ 6.5 113
CANFLEX-RU 147 73 - 85
CANFLEX-ST _
(0% &nnulus) 150 7 3.0




14.6 - Coolant Void Reactivity of 37 Element (14.41494)
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