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SUMMARY

Title :

Design and Analysis of CANDU Advanced Fuel

Importance and Objectives

(o]

It has been projected that a total of 5 pressurized heavy water
reactors (PHWR) including Wolsong 1 under operation and Wolsong
2, 3 & 4 under construction will be operated by 2006, and so about
500 ton of natural uranium will be consumed every year and a lot of
spent fuels will be generated.

In spite of sufficient safety margin for the existing PHWR, it is
necessary to increase more the present safety margin for new plant
and nuclear fuel design to gain public support, considering the
national situations relying on nuclear power more than 50 % of the
total electricity produced in out country.

It is necessary to develop nuclear fuel with critical channel power
enhanced because the most of typical PHWR's have generic problems
of increase in reactor inlet temperature due to steam generator
crudding or pressure tube sagging, which might cause degradation of
nuclear reactor operation margin accompanied by economic loss.

It is necessary to develop technology improving uranium utilization
to cope with a word-wide imbalance between uranium supply and
demand, without significant change in nuclear reactor design and
refueling strategies.

It is necessary to develop advanced fuel with extended bumups to
reduce spent fuel volume production while considering difficulties
with spent fuel storage or disposal.

It is necessary to develop CANDU advanced fuel bundle for using
advanced fuel cycle such as REU, SEU, etc, to raise adaptability to
change in situations of uranium market.

Therefore, the ultimate goal of this R&D project is to develop the
CANDU advanced fuel having the following" capabilities compared
with existing standard fuel :

- To reduce linear heat generation rating by more than 15 %
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(i.e., less than 50 kW/m),

To extend fuel bumup by more than 3 times (i.e, higher than
21,000 MWD/MTU), and

To increase critical channel power by more than 5 %.

© It is expected to obtain the following benefits with use of the above
advanced fuel :

Uranium utilization enhancement

Reduction of spent fuel volume production

Significant increase in reactor operation or safety margin
High power operation of existing reactors.

OI. Work Scope and Contents
° The implementations for the above R&D goal are planned as:

Develop the CANFLEX fuel with natural uranium
(CANFLEX-NU) and prove the advantages of structural
characteristics for CANFLEX-NU by 1998,

Develop the CANFLEX fuel with advanced fuel cycle such as
SEU, RU, etc. by 2006.

o The proposed work scope for the first phase (‘929 = '96.7) of
CANFLEX Fuel Development Program as a national intermediate and
long term nuclear project has been extended to the followings :

Complete CANFLEX-NU design, and produce documents for
government approval and loading license for demo irradiation in
a commercial reactor along with international joint R&D
program with AECL,

Establish basic CANFLEX-SEU design/analysis technology
along with international joint R&D program with AECL.

© In accordance, the followings are performed in this fiscal year :

Detailed design of CANFLEX-NU and detailed analysis on the
fuel integnty, reactor physics and safety
Detailed design and mechanical integrity analysis of the
bundle
CANDU-6 refueling simulation, and analyses on the Xe
transient and adjuster system capability
Licensing strategy establishment and safety analysis for
the CANFLEX-NU demonstration irradiation in Wolsong 1
— 10 —



- Production and revision of CANFLEX-NU fuel design
documents
Production and approval of CANFLEX-NU reference
drawing, and revisions of Fuel Design Manual and
Technical Specifications
Production of draft Physics Design Manual
- Basic research on CANFLEX-SEU fuel.

IV. Research Results

(O  CANFLEX-NU Fuel Design

o

Final version of CANFLEX-NU reference drawing was produced and

jointly approved by KAERI and AECL.

Code package systems for the stress/strain analysis at local parts of

the fuel element and for the mechanical integrity analysis of the

bundle subjected to the refueling strength were developed. Using
these code package systems and other relevant code such as BOW, it
was found that

- The CANFLEX-NU fuel element defect due to PCI/SCC at the
weld region between endcap and sheath will not occur.

- The CANFLEX-NU fuel element shows much desirable
behaviors compared to the standard fuel element, in the view
point of element bowing.

- The code package system for the mechanical integrity analysis
of the bundle was found to be reliable when the predictions
were compared with the experimental measurements. In the
analysis with use of the code package system, the distributions
of stresses and displacements on the endplate, and the transfer
mechanisms of the hydraulic loads were investigated.

The following documents were produced and revised for applications

to the Government Design Approval and licensing for the

demonstration irradiation of the CANFLEX-NU in Wolsong 1 :

- Design drawing @ Completed and approved on 1994 December 16,
Revised on 1995 February 17.

- Fuel Design Manual : On-going. The current draft version will
be issued as the working document version.

-



o

- Fuel Design Report : On-going.

- Technical Specifications : On-revising.

The correlation for calculating bundle average fuel temperature was
validated against experimental data.

(O Reactor Core Physics Analysis for CANFLEX-NU Fueled CANDU-6

o/

A refueling simulation has been performed for 600 FPDs for the
CANFLEX-NU fueled CANDU-6. The results revealed that
CANFLEX-NU is similar to the core physics characteristics with the
standard 37-element fuel. It was also shown that CANFLEX-NU fuel
is compatible to the existing CANDU-6 core.

A time average core calculation has been performed with use of the
new correlation for calculating bundle average fuel temperature. The
discharge burnup turned out to be 175 MWh/kgU for the
CANFLEX-NU, which is almost the same as the discharge burmup of
the standard 37-element fuel, 176 MWh/kgU.

In the analysis results of Xe transients, the Xe characteristics of the
core with CANFLEX-NU is almost identical with those of the core
with the standard fuel.

Startup transients were simulated for the for the CANDU 6 with
CANFLEX-NU fuel. In the short-shutdown simulation, the present
adjuster rod system and banking scheme have the adequate 30
minutes Xe override capability. In the long-shutdown simulation, the
adjuster system characteristics are identical with those of the existing
core.

(O  Safety Analysis for CANFLEX~NU Fueled CANDU-6

o

The strategies for licensing the demonstration irradiation in Wolsong
1 and relavent safety analysis has been established. The three-phase
approach of the small-scale, large-scale and full-core loadings has
been taken. In the small-scale phase, the loading license will be
achieved with a condition. For this, the scope of the safety analysis
and loading schedule in each phase will be forwarded. In the safety
analysis for the demonstration irradiation, the safety evaluation will be
performed in such a manner of comparing with those results for the

standard fuel in accordance with the methodologies and criteria used
— 12 -



in Wolsong 2, 3 and 4.

A preliminary analysis of thermalhydraulic and channel safety has
been performed for the case of 30% break LOCA with use of
CATHENA code. The maximum temperatures of the CANFLEX-NU
were decreased by 388°C in the fuel and by 128°C in the sheath
outside surface in comparison with those of the standard fuel, which
results in the decrease of the pressure tube temperature by 11°C and
consequently the increase in the safety margin of the reactor.

A preliminary analysis of thermathydraulic behaviors has been
performed for the case of total loss of class IV power to all PHT
pumps with use of SOPFT and CATHENA codes. the maximum
temperatures of the CANFLEX-NU were decreased by 398°C and
191°C in the fuel and sheath outside surface, respectively, in
comparison with those of the standard fuel, which results in the
increase of the reactor safety margin.

O Progress of AECIL/KAERI Joint CANFLEX Development Program (JCDP)
and Cooperation with Domestic Institutes

o]

Three JCDP meetings were held to discuss mutual cooperation
including information exchanges.

The joint KAERI/AECL presentation on CANFLEX was held at
KEPCO and KINS. KAERI keeps in touch with KEPCO to discuss
the demonstration irradiation of CANFLEX-NU in Wolsong 1.

The economic evaluation pointed out that there would be an economic
benefits in the full-core loading of CANFLEX-NU.

-13 -
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Limiting Magnitute Measured
Item with the Bundle Placed Inside
a 103.38 mm ID Tube
Dimension “H" 3.05 +0.64/-0.00 mm
Dimension “B” 100.46 mm (Minimum)
Dimension "E" s 9690 mm (Maxkimum)
Angle 72° + 1°

Fig. 21 CANDU-6 Fuel Bundle End Profile
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Linear Power

(kW/m) A

P3

/-PZ
P1

|
Bo Burnup (MWh/kgU)
INNER ELEMENT OUTERELEMENT
MIDDLE END MIDDLE END
PELLET PELLET PELLET PELLET
Pl 19.3 29.7 18.4 23.9
P2 20.3 30.9 19.9 25.6
P3 48.8 59.4 47.9 53.6

* Bo = 37.4 MWh/kgU for the inner element, 39.7 MWh/kgU for the outer element

Fig.2.3 Power HistoriesUsed in the Calculation of Pellet Expansion
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¢l FILE_FOR_HM # HyperMesh post-processor & €439 = translator 3
2299 ftrans S 2A&IYTt. FILE_FOR_HM %Y-g translator 9 ftrans ©l &
8358 HyperMesh T2 oA & & gle HYUQ feast res 7k AHHE=H], o]
9948 HyperMesh ol &3 "% contour & A3t}

%21 98% $Rbh-ARW $URS $HANN Mg Aeel 2

C AE

Material Region Nt 4! e it &5
Matenal Recrystallized 40% CW & no |As-received, CW
Characteristics Zircaloy-4 SR Zry-4 & SR Zry-4
Yield Stress (MPa) 358 464 414
Plastic Mdulus(MPa) 80 30 30
Elastic Mdulus(MPa) 80 80 80
Poisson’s Ratio 0.43 0.43 0.43

* CW = Cold-Worked, SR = Stress—Relieved
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. Bonb) 38 sy

71 7k ol Z1edt YA Ayl et Bunpl-d5d §HE &
H34g AU B H4E S8 daF Fdepl BAE 23270 B3I 37670
Q48 AMESte REPE1, FHE Ol EHE 22670 EH I 37070 a4
g AHEste 2dygsith (29 24 F=)

# 22 © CANFLEX-NU <ds8%9 Fdrbl §884 Z3E Uehd
Aolty, WY, 4F9Y @ 29U FYE0) vy Fe FHE FAHL o
of @} FESYHo] FEIYHY 50760% BE FFo2 YElged, o A= 56
ak7) F-QlollA A4 Po] BAEHA ¢SS uFct Foei-dEd 3R
&L HATGEY AL HolB2 FEANEY FHATEN B3I 271 Lury &)
AR5 Rankine's theory (maximum normal stress theory) ¢+ modified
Mohr’s theory, 28] #&-38 £ X contour o 23 LY E&AH A 8
A & o FIvl-HES §F RS HEdSE FATT

O  Rankine's theory [8] o 2|3t 3¢ o F

Rankine’s theory 9l A+ principal stresss 7} fracture stress & dolAdd 3
43 mi¢so] ATty mB 3t PCI/SCC ¢S Yo7 threshold stress &
dRtxdoz B FY 1/3 oY ez dA ez (9], Beniiclr el
& Al $EHE HL 7120 MPa 2 23 ¢ ok E 2.2 oA F8E F 9@

' 22 CANFLEX-NU ¥ &% Sl 9 S84 A

Parameters CANFLEX-NU CANFLEX-NU
Inner Element Outer Element
Max. radial stress (MPa) 83 71
Max. hoop stress (MPa) 9 9
Max. axial stress (MPa) 114 105
Max. effective stress(MPa) 213 168
Max. Principal stress (MPa) 114 105
Coulomb-Mohr | fact
ombT O normat facor 0.901 0.799
for failure indication (max.)
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B Booly] Bolie A principal stress £ 2 114 ¢F 105 MPa & el
=dl, o wWES A7l 7IEA 120 MPa Et . o33 ZAFAE Fi,
CANFLEX-NU €&§%¢ gddri-35d &35 PCYSCC sEo] LA
g 7bs/del Wi Furgke & 5 loh

O  Modified Mohr's theory [7] ol ¢l s o4&

Modified Mohr's theory 91+ principal stress ¢ Mohr's circle oA
A HEH 38 AR} vzl 10 ojite] HE FHA m&o] LAsE A
22 3Tk FEAST ZE A4 23, 2 ¥igke] Aol 884 0901 = 9
FBA 0799 2 Velge=d, o] A3 E£3 CANFLEX-NU 98589 Bdnlig-
B &HF-ACA PCI/SCC wt& B4 7hsAdol vl sashg HoAFE

O Ao {8 R/ AFH Ao &3 A& A&
33¥ 25 © CANFLEX-NU &% Bdrbl RAdAMY FaAZH £X
contour & A% Fojck 2f 25 oA HugHo] Fdri-HEF L-HE-¢
A9} re-entrant corner (@ AH) oA7t ok Bdnls] W corner (B AH)
oA A Roez2 Ueith @ APdA d8% AE7tA Y FAE Favbl F
oMol A 71 gfomz iAoz @ Aol J&F & MY N[ »
ot} 71& A8 %9 ¢ AW &YYo F2 @ XHAA LAH] o] Az d8
B g&o] 7B HIWsH Ydelde ALR 4 Ut a8 25 JdA Y 39
@ A Fe] ohd ® XHA Jehd ZAi= CANFLEX-NU 8% 2855
AolM m¢d JhsAo] 7E HAm R HE 2gE& 9ngtt. CANFLEX-NU
A#FANE FTEFAAL w7t E Foepl R Ao $Hol {HESA
re-entrant corner 7 obd 9w} WH comer oA vEREH, ° ZIdx T
Bl nlATIA 2 @Rl EHFT THAM & 7hsAol we HEE
o] 3},

X
T

°|

-52-



[Inucr Element Endcap  Effecuve Stress (MPa)‘I

Sunulaton $

> | 87e+02
< {87e¢02
<157e+02
<127¢+02
< 968c+011 4
<667et01

may = | 87¢:02
Hinin =6 52e+00

Fig. 25 Effective Stress Contour in the Weld Region
Between Endcap and Sheath
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o Ra3%F &d zdsAe AAER A
FEFEHA HERT ATE E4s7] st 21 26 oM Zo
dY = IFT T 100%-50%-100% HFEl2 2 o] ¥zlsle 3¢S 135y
oh oolEd 2¥e gz 4B ALz, ¥I2F o4 2AAM AAsYE A
T FFE #Asty] st AHEEHY, 33FF A MY YRR A
A A4 AHEE = gk #I5EF SAZRANAMY AdEgR A HYrks 2
7l dxoll £ o Foitk.
2% 27(a) 2 () & 39 28 R () & 4Y FHAFFH 7 23}
FF 2749 F3E 2 g% HEY WP x WU} E ELESTRES 2=
st EA% AF4E Jed AL, olF 2¥9ES ¥lusld, B5%F - 2719
As] CANFLEX-NU J Q8% AFS thes) o] Z4¥oz 2Asgch
- Y FuFEFY 7B, F8E 2 i E ERAA H¥YE 9 &9
Sl 2 WYL Aojrf HIFF & e I HUE B
ol o)F MA3 Fasdle BHFE Ho|R B F7] olF L3
3 Frlste A%E By,
- F REFFY AS FIE L 98Y BTN HIE 9 29
Z7de) ME AYE ol7t R&EF zue) 1 Ay Rolw

2.

1_1.0

A% FAs PaHAW YUY F7] olF Frsd AF 3L
FASE 3FE B,

3. dUdEE 3 s

AAsR B e 5, g8 FA L A 2H0A ddsgd a2 F

A BE AAMNE ddE AdEEH 2L 7R AY F5=2 HEY & Utk

CANFLEX-NU 3 dgdide AME-s & %%%— 2 gy J|E ddRF v)5t

o 2go] oz Hd thet Aol ddFez Ye Aoz A=A 4A

2 Yehde %L A i #Ase 33 FEH o 2A JEs
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100% NP
50% NP [—
L .
Daily LFO 0 8 12 20 24 hours
Weekly LFO 0 4.33(104) 4.66(112) 6.66(160) 7(168) days (hours)

Fig.2.6 Power Changes for the Fuel Element Behavior
Analyses at Load Following
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Fig. 2.7 The Variation of Sheath Strain at the Ridge Simulated
for the Daily Load Following
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(a) Total Sheath Strain at Pellet End - for CANFLEX inner element
(Weekly Load Following)
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Fig. 28 The Varation of Sheath Strain at the Ridge Simulated
for the Weekly Load Following
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o2 CANFLEX-NU <@&%9 8 A34 Hrie dXds 53 s3=qoF ot

dutzo 3 AARF P2 £AF F2 ¥ds AN YIEF WE 2 2
FHAdA LAt 44 BEd¥n Y AUY Fol oat @ekdot (101 B4
+AA HEgEY H2 LF U 44 EFEAL Fxd ZA gEIT dds
BolA fdFWEgoz 27t GEfUE YRl g, FARE Fujd g% BFd
ZHEEXSY F230 BA44 2x 2 @AY Aol & & £ UR (1011l
CANFLEX-NU ddgoid 9 3o vt3we 2283 = 7€ 370 ddssriy
oA vl O FYFEZ g FEEHol dHE HAE Aoz qadET (12]. §
A, AZA FHFT JA&FA7e SHHA ] (side-stop) ol & AAEHe o
9] A9, AA thidols Bt £8F 7HAUY (hydraulic drag force) 2 7|4
A go] FHEAA 7 A AAHL e B N Ayl JAFH F WAY
(eccentric load)& &3¢ 7}siAl =HedH, oA & F3 FEH s o
Hoz al-¢ act uebA ojue] YARE FFS F= ALY o ZHYH.

1€ HARF Hol AYAA ZA BAste A2 gH NFE 23St
Aote de obF7tA] Bnd uh glth Ju, 442 4ARd 7€ Te AR
tht tjid CANFLEX-NU HASthg ALEE ¢ HAEES ¥ Aol 3t
g2 vdehg 4 Ak meEbA, 4714 BAEE R ddE AFA 24644 2
ZFYolgol 7b¢ 2 TS T EF £ H HIYL Y Bol g F A= o
o] JARBES MY HJAREF 8 AFTE BAAN F, A2 AW
ZY& Holt N-6 Ao FHE JAsrhdF 44 2 6¥ R ohEs9 d8F
AFE A3 AT B HAgAE BOW AAZE [10] & o) &35t3ich

2

7b d™¥As Fy)

O oA grito] o/l == B Ram Adaptor of ¢lsll x| X AL
) 9429 AAEEY ¥ AT HAs7] st N-6 Ao 49 2 6
W 9% FASTLSS HYsE oS dASCHBEL Ade WA YT
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REH 44 404 2 6HA AXAM &8 AMEY. 9F 280 FPD (Full Power
Days) ¥l A& LA}t o] FoAAH, olm 4 x| TpES AEFY X 129
AX 2 o] FstL 6¥ X thde 4A3] viZE) 4 91X ohie 8% B
A2 100, 140, 270 FPD (2Z¥9x) 2 280, 390, 480 FPD (A=Y =) oA, 6
H A oo 8% 8 48 100, 140, 270 FPD (&Y YA]) oAt £33 Y
ok 3, adW 12 W A9 e HAsThEe AAZARA 26l (shield
plug) ol ol&ll A x| glon AAE A <Al B ram adaptor o] g8 A=
gt olw AR Fol iR §o] YAgE o mAs IS ol Hs),
thdt gofl A= oS 371Xy A& nHSAC
5000 N - FA42AA (E 23 € 24 oA No. 1-6 2 19-21),
12000 N - B4 gA8 A (F 23 2 2494 No. 7-12
22 - 24),
23700 N - C ram ¢P2AAHNE 7143 ddg A4
(% 23 2 24 9|4 No. 13-18 2 25-27).
el 2+ =27 (FPD oA ddsSE EYo|g & o Aol X je =37)
25 F A AQER 37 Qs EohY @ CANFLEX-NU 3dg o
E5 9135, 13 29 Z=x) o s F 5471 ASE EA5TE A4t AL g
BOW Z=¢ 9 J¥A8E ¥ 23 2 ¥ 24 o 439t o3} go| o
dYAEE Zu s |
o A7 AdAE=R 3V AFEFhE 2 CANFLEX-NU g dsrie
3 HAAAE AHEsI
o 3 A4kl Ha3k 258 X2, YAd8 BE9 2Yo|YI} FHAEL
4412} (neutron flux depression factor) ] ¢t} RFSP A4tz
[13] & SIMULATE EE€ At238td CANDU-6 A 28 HY =48
BAbsta, N-6 sidolAe] 282X 2 7z thite) 28013 & A4S
th ol2 wiwte® WIMS-AECL A4E= [14] & |83t 2 839
Z¥olad g AT 1Y 210 & o]de &¥olg Aibgel oz
_sg-
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Table 2.3 Important BOW Code Input Parameters for the CANFLEX Fuel
Bundles Pushed against Shield Plug or B Ram Adaptor.

Z
o

Case

FPD

P

Tav

D Hfs

ATs

L

Th

T,

Bundle

43B4N1

100

3542

590.35

0.0285(70.27

-5.86

56.19

274.08

279.03

43B4N2

140

36.22

597.12

0.0275168.51

-5.86

56.19

274.19

279.33

43B4N3

270

30.47

531.18

0.0217167.52

-4.77

96.19

273.0

277.14

43B4N4

280

7.68

345.75

0.021649.73

-6.76

168.57

309.94

310.61

43B4N5

390

7.43

343.72

0.0214150.92

-8.06

168.57

308.69

309.69

43B4N6

480

7.5

343.88

0.0213(52.98

821

168.57

305.69

306.75

43B4R1

100

35.42

990.35

0.0285(70.27

-5.86

133.48

274.08

279.03

43B4R2

140

36.22

597.12

0.0275(68.51

-5.86

13348

274.19

279.33

OO0 |=~J|D[U W [0 |0

43B4R3

270

30.47

5631.18

0.0217167.52

-4.77

133.48

273.0

27114

43B4R4

280

7.68

345.75

0.021649.73

-6.76

342.86

309.94

310.61

43B4R5

330

743

343.72

0.0214(50.92

-8.06

342.86

308.69

309.69

43B4R6

480

7.5

343.88

0.0213]52.98

“821

342.86

305.69

306.75

43B4F1

100

35.42

590.35

0.0285(70.27

-5.86

263.62

274.08

279.03

43B4F2

140

36.22

597.12

0.0275(68.51

-5.86

263.62

274.19

279.33

43B4F3

2170

3047

531.18

0.0217167.52

Yo

263.62

2730

271.14

43B4F4

280

7.68

345.75

0.0216(49.73

-6.76

677.14

309.94

310.61

43B4FS

390

7.43

343.72

0.021450.92

-8.06

677.14

308.69

309.69

43B4F6

480

75

343.88

0.0213152.98

-8.21

677.14

305.69

306.75

43B6N1

100

40.81

641.92

0.0285]72.49

-10.06

84.29

284.44

290.08

43B6N2

140

42.09

658.78

0.0271169.28

-10.12

84.29

284.92

290.81

43B6N3

270

34.29

567.58

0.0214156.22

-10.23

84.29

281.58

286.22

43B6R1

100

40.81

641.92

0.0285(72.49

-10.06

185.82

284.44

290.08

43B6R2

140

42.09

658.78

0.027169.28

-10.12

185.82

284.92

290.81

43B6R3

270

34.29

567.58

0.021456.22

-10.23

185.82

281.58

286.22

43B6F1

100

40.81

641.92

0.0285(72.49

-10.06

367.0

284.44

290.08

43B6F2

140

42.09

658.78

0.027169.28

-10.12

367.0

281.92

290.81

43B6F3

270

34.29

567.58

0.0214156.22

-10.23

367.0

281.58

286.22

03030'5CDCDG)O‘JO)CD»&AA»A»&A&&A&A&A&AQA?

Note

FPD : full power days
: linear power [kW/m]

P
Tav
D

: average fuel temperature (°C]
. neutron flux depression factor

Hi : fuel-to-sheath heat transfer coefficient [kW/m?K]

ATs -

L
T

T2

due to coolant [°C]
: load per element [N]
. average coolant temp. at the upstream end
of the bundle [°C]
. average coolant temp. at the downstream end
of the bundle [°C]
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Table 2.4 Important BOW Code Input Parameters for the 37-Element Fuel
Bundles Pushed against Shield Plug or B Ram Adaptor.

Z
©

Case

FPD

P

Tav

D

Hfs

ATs

T

T2

Bundle

Z,
<

37B4N1

160

44.06

682.02

0.0319

73.66

-6.5

65.56

274.11

279.03

37B4ANZ

140

45.02

695.72

0.0308

70.28

-6.52

65.96

274.22

279.33

37B4N3

270

37.86

635.05

0.0242

30.03

-1.34

65.56

278.03

277.14

37B4N4

280

9.54

363.08

0.0242

22.719

-9.69

196.67

309.81

310.61

37B4NS

390

9.23

360.68

0.0238

22.91

-10.1

196.67

30892

309.69

37B4NG

480

9.32

360.78

0.0237

23.89

-9,85

196.67

305.58

306.75

37B4R1

100

44.06

682.02

0.0319

73.66

-6.5

155.75

274.11

279.03

37B4R2

140

45.02

695.72

0.0308

70.28

-6.52

155.75

274.22

279.33

O[O0 [~T[|O|UT [ [QIIOT [

37B4R3

270

37.86

635.05

0.0242

30.03

-1.34

155.75

278.03

277.14

37B4R4

280

9.54

363.08

0.0242

22.719

-9.69

400.0

309.81

310.61

37B4R5

390

9.23

360.68

0.0238

2291

-10.1

400.0

30892

309.69

37B4R6

480

9.32

360.78

0.0237

23.89

-9.85

400.0

305.58

306.75

37B4F1

100

44.06

682.02

0.0319

73.66

-6.5

307.56

274.11

279.03

37BAF2

140

45.02

695.72

0.0308

70.28

-6.52

307.56

274.22

279.33

37B4EF3

270

37.86

635.05

0.0242

30.03

-1.34

307.56

278.03

277.14

37B4F4

280

9.54

363.08

0.0242

22.79

-9.69

790.0

309.81

310.61

37B4F5

390

9.23

360.68

0.0238

2291

-10.1

790.0

308.92

309.69

37B4F6

480

9.32

360.78

0.0237

23.89

-9.85

790.0

305.58

306.75

37B6N1

100

50.76

756.18

0.0319

76.13

-11.60

98.33

284.42

290.06

37TB6N2

140

5231

803.35

0.0304

4.82

-12.35

98.33

284.89

290.75

37B6N3

270

42.69

766.78

0.0238

12.75

-9.86

98.33

281.58

286.19

37B6R1

100

90.76

756.18

0.0319

76.13

-11.60

216.79

284.42

290.06

37B6R2

140

5231

803.35

0.0304

54.82

-12.35|216.79

284.89

290.75

37B6R3

270

42.69

766.78

0.0238

12.75

-9.86

216.79

281.58

286.19

37B6F1

100

50.76

756.18

0.0319

76.13

-11.601428.17

284.42

290.06

37B6EF2

140

52.31

803.35

0.0304

04.82

-12.35

428.17

284.89

290.75

37B6F3

270

42.69

766.78

0.0238

12.75

-9.86

428.17

281.58

286.19

o il e X Ee Y fe N (e e e e A S N Y N S N N S LS L e E A B T B T

FPD : full power days
: linear power [kW/m]

p
Tav
D

- average fuel temperature [°C]
> neutron flux depression factor

Hi : fuel-to-sheath heat transfer coefficient [kW/m°K)

ATs

L
Ty

T

due to coolant [°C]
. load per element [N]
: average coolant temp. at the upstream end
of the bundle [°C)
: average coolant temp. at the downstream end
of the bundle {°C]
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(A) 1/12 SYMMETRIC GEOMETRY OF 37-ELEMENT BUNDLE

(B) 1/14 SYMMETRIC GEOMETRY OF 43-ELEMENT BUNDLE

Figure 2.9 Geometries for the Subchannel Thermalhydraulic Analyses of
37-and 43-Element Bundles.



100 FPD

Bumup (MWh/kgU)
Power Raung (kW/m)

140 FPD

Burnup (MWh/kgU)
Power Raung (kW/m)

270 FPD
Burnup (MWivkgU)
Power Rating (kW/m)

280 FPD

Burnup (MWh/kgU)
Power Rating (kW/m)

390 FPD

Burnup (MWh/kgU)
Power Rating (kW/m)

480 FPD

Burnup (MWh/kgU)
Power Rating (kW/m)

Flow direction —>
B-1 B-2 B-3 B-4 B-5 B-6 B-7 8-8 B-9 B-10 B-11 B-12
105 2 48 352 419 450 4381 4 80 448 5475 12496 17477 20530
1077 2579 3684 4406 4756 5076 S061 4733 44 09 3505 23.20 927
B-1 B-2 B-3 B-4 B-5 B-6 B-7 8-8 B-9 B-10 B-11 B-12
8 80 2707 3893 4676 5065 5422 5412 5058 64.59 15875 19720 21433
1028 2579 3742 4502 4883 5231 5227 4886 4414 3460 23.21 9.42
g1 | B2 | B3 | B4 | B.s |86 | B7 | B8 B9 B-10 | 811 B-12
4486 10832 15406 183.11 196.90 209.56 20923 19637 22759 26245 26796 24339
1035 2383 3255 3786 4040 4260 4254 4044 3681 31.13 2191 909
B-13 B-14 B-15 B-16 B-17 B-18 B-19 B-20 B-1 B-2 B-3 B.4
250 591 837 993 1069 1144 1144 1070 5491 116.67 159.72 18542
1050 2495 3553 4246 4589 4910 4930 4600 4369 3527 2367 954
B-13 B-14 B-15 B-16 B-17 B-18 B-19 B-20 B-1 B.2 B-3 B-4
30.18 7325 10461 12419 133.06 14049 14144 132.62 16607 20552 219.94 210.18
1069 2573 3631 4290 4572 4880 4825 4537 40.63 3247 22.18 923
B-13 B-14 B-15 B-16 B-17 B-18 B-19 B-20 B-1 B-2 B-3 B-4
5310 12716 17933 21193 227.02 241.28 24100 22678 25127 27545 268.50 230.35
1082 2468 3354 3887 4138 4421 4409 41.17 38.30 32.16 2248 932

Figure 2.10 (a) Outer-Element Burnups and Powers of 37-Element Bundles
in N-6 Channel of CANDU-6 Reactor, Predicted at 100,
140, 270, 280, 390, and 430 FPD.
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100 FPD

Bumup (MWh/kgU)
Power Raung (kW/m)

140 FPD

Burnup (MWh/kgU)
Power Rating (kW/m)

270 FPD
Burnup (MWh/kgU)
Power Raung (kW/m)

280 FPD

Burmup (MWh/kgU)
Power Ranung (kW/m)

390 FPD

Burnup (MWh/kgU)
Power Ratng (kW/m)

480 FPD

Burnup (MWh/kgU)
Power Rating (kW/m)

Flow direction —

B-1 B-2 B-3 B.4 B-S B-6 B-7 8-8 B-9 B-10 B-11 B-12
1.05 249 3.52 419 450 4.81 4 80 449 5489 12530 175.25 205.88
8.64 2071 29.61 35.42 38.24 4081 4069 3805 3548 2821 18.67 7.46

B-1 B-2 B-3 B-4 B-5 B-§ B-7 B-8 B-9 B-10 B-11 | B-12

1130 27.12 3902 4688 5079 5437 5426 5071 6476 159.19 19776 21493
8§38 2075 3011 3622 3928 4209 4206 3931 3553 27.85 18.68 758

B-1 B-2 B-3 B-4 B-S B-6 | 87 B-8 B9 B-10 B-11 B-12
4497 10863 15449 183.62 19746 21016 209.82 19693 22823 26321 26873 24409

832 1918 2619 3047 3521 3429 3423 3554 2962 2505 1763 7.31

B-13 | B-14 | Bas B-16 | B-17 | B-18 B-19 B-20 B-1 B-2 B-3 B-4

250 592 838 995 1071 1146 1146 1072 5506 11699 16017 18593
843 2006 2857 3414 3691 3949 39.72 3699 3516 28.39 1505 7 68

B-13 | B-14 | B.I5 B-16 | B-17 | B-18 B-19 B-20 | B-1 B-2 B-3 B-4
3024 7345 10592 12452 13342 14089 141.83 13297 166.53 20611 220.55 21078
860 2071 2923 3453 3680 3895 3883 3652 3270 2613 1785 743
B-13 | B-14 | B-15 B-16 | B-17 | B-18 B-19 B-20 B.1 B.2 B-3 B-4
5324 12749 17982 21252 22767 24198 24170 22742 25200 27624 26927 231.0
870 1986 2700 3129 3330 3557 3547 3313 3082 2587 1808 7.5

Figure 2.10 (b) Outer-Element Burnups and Powers of CANFLEX 43-
Element Bundles in N-6 Channel of CANDU-6 Reactor,

Predicted at 100, 140, 270, 280, 390, and 480 FPD.
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Table 25 Important BOW Code Input Parameters for the Fuel Bundles

Pushed against Side-Stops during Refuelling.

Tav
D

Hfs
ATS .

L
M
T

Tz

: average fuel temperature [°C]
- neutron flux depression factor 0
. fuel-to-sheath heat transfer coefficient {(kW/m“K]

No. | Case FPD| T.w | Hie |ATs L M | T T, Remarks
1 | 43B4SB | 480 {343.88 |52.98 |-8.21 |1825.0 | 6.10 | 120.0 [121.03 |{CANFLEX
2 | 43B4SC | 480 [343.88 15298 |-8.21 | 9125 3.05 | 120.0 |121.03 "

3 | 43B4SD | 480 [343.88 |52.98 |-8.21 29625 990 | 120.0 {121.03 "
4 { 37B4SB | 480 |360.78 |23.89 |-9.85 {2433.3 | 9.39 | 120.0 {121.03 |37-Element
5 | 37B4SC | 480 |360.78 |23.89 [-9.85 1216.7 | 4.7 120.0 {121.03 "
6 | 37B4SD | 480 |360.78 {23.89 |{-9.85 {3950.0 (15.25 | 120.0 (121.03 o
Note 1 : FPD : full power days

circumferential vanation in sheath temperature
due to coolant {°Cl]

. load per element [N]
. moment due to eccentric load
. average coolant temp. at the upstream end

of the bundle [°C]

of the bundle [°C]
Note 2 : No.l and No.4 - the bundle pushed against single

side-stop carry 7300 N

. average coolant temp. at the downstream end

No.2 and No.5 - the bundle pushed against double

side-stops carry 7300 N

No.3 and No.6 - the bundle pushed against double two
side-stops carry 23700 N
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o ol JAgCTEE HAASFH] ol Jonz, FAHRNLY FTE A
o] &A gent watA, 489 2 FHASE FAJDA ol AEEA &
T Aoz YAt
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AGAF 5o 93 Aoz BAAY (¥ 23 9 ¥ 24 IR). 23 L Azxg
Y4 (FPD) =294 48 2 6¥ AR ddarhd 2859 1 PFS vjwshd,
69 91A Y Jdsrhde P o] AUz o 3. o|RL 69 A g
Zdo] 43 SIA iy ¥R 4§ w7) g ot

FH, R 26 2 B 27 oA JAH o] HARE B mliAE & 4H
B, the gl mAE el 2717k 5900 N, 12000 N 2 23700 N 0.2 278 2
Zheldelxe 3770 ddefod 2 CANFLEX-NU faachy RFoA 28459
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Table 2.6 Element Bow in the CANFLEX Fuel Bundles
Shield Plug or B Ram Adaptor.

Pushed against

No. Case FPD Linear Maximum
Power Deflection Remarks
[kW/m] [mm]

1 43B4N1 100 35.42 +0.057 5900 N
2 43B4N2 140 36.22 +0.057 ”

3 43B4N3 270 30.47 +0.033 "

4 43B4N4 280 7.68 -0.009 "

5 43B4N5 390 743 -0.014 "

6 43B4N6 480 75 -0.014 i

7 43B4R1 100 35.42 +0.06 12000 N
8 43B4R2 140 36.22 +0.06 i

9 43B4R3 270 30.47 +0.034 i

10 43B4R4 230 7.68 -0.01 ”

11 43B4R5 390 743 -0.015 v

12 43B4R6 430 75 -0.016 "

13 43B4F1 100 35.42 +0.065 23700 N
14 43B4F2 140 36.22 +0.065 "

15 43B4F3 270 30.47 +0.037 "

16 43B4F4 280 7.68 -0.014 "

17 43B4F5 390 7.43 -0.020 "

18 43B4F6 480 75 -0.021 "

19 43B6N1 100 40.81 +0.059 5900 N
20 43B6N2 140 42.09 +0.059 "
21 43B6N3 270 34.29 +0.043 "
22 43B6R1 100 40.81 +0.063 12000 N
23 43B6R2 140 42.09 +0.063 "
24 43B6R3 270 34.29 +0.046 "
25 43B6F1 100 40.81 +0.071 23700 N
26 43B6F2 140 42.09 +0.071 "
27 43B6F3 270 34.29 +0.051 "
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Table 2.7 Element Bow in the 37-Element Fuel Bundles Pushed against
Shield Plug or B Ram Adaptor.

No. Case FPD Linear Maximum Remarks
Power Reflection
[kW/m] {mm]
1 37B4N1 100 44.06 +0.076 5300N
2 37B4N2 140 45.02 +0.077 "
3 37B4N3 270 37.86 +0.080 "
4 37B4N4 280 9.54 ~-0.009 "
5 37B4ANDS 390 9.23 -0.010 "
6 37B4NG6 480 9.32 -0.009 "
7 37B4R1 100 44 06 +0.079 12000N
8 37B4R2 140 45,02 +0.080 "
9 37B4R3 270 37.86 +0.083 "
10 37B4R4 280 9.54 -0.010 "
11 37B4R5 390 9.23 -0.011 i
12 37B4R6 480 9.32 -0.010 "
13 37B4F1 100 44.06 +0.084 23700N
14 37B4F2 140 45.02 +0.085 !
15 37B4F3 270 37.86 +0.088 "
16 37B4F4 280 9.54 -0.012 "
17 37B4F5 390 9.23 -0.014 "
18 37B4F6 480 9.32 -0.012 "
19 37B6N1 100 50.76 +0.108 5900N
20 37B6N2 140 52.31 +0.098 "
21 37B6N3 270 42.6 +0.136 o
22 37B6R1 100 50.76 +0.114 12000N
23 37B6R2 140 52.31 +0.103 "
24 37B6R3 270 42.6 +0.142 "
25 37B6F1 100 50.76 +0.128 23700N
26 37B6F2 140 52.31 +0.112 "
27 37B6F3 270 42.6 +0.155 "
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Maximum Deflection, mm

0.10

0.08
0.06
0.04
Bundle Position 4
0.021
0.00F Bundle Position 12

-0.02 —@®— CANFLEX-NU Fuel
—0— 37-Element Fuel

_0.04 " | A 1 i 1 .
0 100 200 300 400

Full Power Days

Figure 2.11 Variation of Maximum Deflection of the Outer Elements of
Bundle-4 with Full Power Days (Load on the Bundle String =
23700 N).
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Maximum Deflection, mm

0.20

0.18

0.16

0.14

0.12

0.10
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0.02

0.00

——

Bundle Position 6

—@®— CANFLEX-NU Fuel
—O— 37-Eiement Fuel

e 1

100

200
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300

Figure 2.12 Variation of Maximum Deflection of the Outer Elements of
Bundle-6 with Full Power Days (Load on the Bundle String =

23700 N).
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Figure 2.13 Axial Distribution of Deflection in the Outer Elements at 140

Number of Axial Node

FPD (Load on the Bundle String = 23700 N).
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Table 2.8 Element Strength Parameters and Maximum Compressive Stress
in the Bundles Pushed against Side-Stops during Refuelling.

No.| Case |FPD |Flexural Rigidity |Spring Constant Buckling {Maximum
of Element of Endplate [NIT]/ rad] Load Compressive
[Nm?) (Radial/Tangential) [N] Stress [MPal
1 [43B12SB | 480 3294 979 / 1957 3010.6 233.6
2 143B12SC | 480 3294 979 / 1957 3010.6 116.0
3 [43B12SD| 480 32.94 979 / 1957 3010.6 381.9
4 137B12SB | 480 54.84 1255 / 2217 4600.7 236.9
5 |37B12SC | 480 54.84 1255 / 221.7 4600.7 117.8
6 137B12SD | 480 54.84 1255 / 221.7 4600.7 386.8
Note 1 : CANFLEX Fuel : No. 1 - No. 3

Note 2 : No.l and No4 - the bundle pushed against single

37-Element Fuel : No. 4 - No. 6
(see Table 2.5)

side-stop carry 7300 N
No.2 and No.5 - the bundle pushed against double
side-stops carry 7300 N
No.3 and No.6 - the bundle pushed against double two
side-stops carry 23700 N
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Figure 2.14 Axial Distribution of Deflection in the Outer Elements of the
Bundles Pushed against the Side-Stops on Refuelling at 480
FPD with the Bundle Load of 23700 N.
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ste, AANIEE AMEstY dAaThde] JAH FRYHE FRsts B
st Qloh. FERIAA AY ZAIE EASIHA ddeniie mUygs Fdse
Rol A Ao 4L FFNE F U HAHY PPeld. B dAFGAME F
+28 NFYASE HFAY +okllAl CANFLEX HAEHLEES o831 4
double side-stops strength test Z3& #FZ3dlo, B 72z Me AAL A3t
HA AlgelAM 3 5 UNE E2d d4EE w35 A YT
CANFLEX ¥ dachde] pRAA 4H4Hez FA5A nsts o]
YA TR 2dFPoln, o]RAL {4 Ao g2 JTE vAA "Ho B
dFNME 93 ¥x ATFEIA [20] o 1 AFAY dulsidex AHE{dE
CANFIEX dQEchite ndge @3mz stad, 1 Ao vmsted QA7 87
H Ug, 24 adx 72 5§ AR 3 9 BEsid R US4y
AT B ddsohye AAAG Bt el ALY Z2a3L MAIFeR de
o]l g 53 Qe Y¥g FRA AR ANSYS(5.0, 5.1 version) ZE [21] ©]}.

7h HHRE
dautid 3A4A RAeFdr] SRR AASE dde YAE
tht S Yzt4 450 o8 AU (drag force) € WA Gt o] AJAFL A
2l ZaFolt o WS 4@ Yol ZE 137 yAschL o] A
g WA Hrt 7 el U BUe RRPYW, ATV AAZE Aol
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23, B48% d(uel rod string), 223N, 28|32 5754 npAY chite] g
Aste FAAHA 72 FAE. HHEAHE A% Fa3F 7L ol 2.

O 28 713

@ I ALEL 4 dAdgchdy HAA ARGAA SR )= @
dstA 2HE-Fo

@ <<HBT gdarhde AAME B4 rdPA] uHstx] gieh
@x mdyo] AAZAEL ol4sld ARHoz 1HE & JYEE Fh

® 1P AFHLESL EF FLT Ad0ine)dll HASH, ok & o
ol ARRE A L2 HdAdd XY F, BRE ARF vigel
% go 2 FYsio.

@ QAT dAsthEE] FAHTRL SASHA HZ(full contact)F AL
2 &0, 2 2ol 2T g NeT AT

® dWAEOEL Alold] HI AAFEE FUF sF¢ devx 7HAsd
38 s 23S v rigid truss(spar) elements 2 &,

® WAsTHY d& Sy W et dAUdYgoez fud ot €9

buckling & FA]3c.

O $3axr ny

@

g = 23 HE JAE 3A BFAEC 0, DAS A8t M
S, 1371 ddEche AAG 2AAAS)Y fEas 2de 845070
o} A3 11085709 242 FASA

dAgchde BHPTHE 339 @HE 84 (3D elastic beams
BEAM4) 2 dAstx A& P & 2172 A o BHEY
S otfot At

- outer ring nodes: 21 rod locations, 42 weld locations, 21

mid-locations between neighboring rods

_81_



Al

- interm. 1ring nodes: 14 rod locations, 28 weld locations, 14
mid-locations between neighboring rods

- inner ring nodes: 7 rod locations , 14 weld locations, 7
mid-locations between neighboring rods

- center nodes: 1 rod location, 2 weld locations

- radial web nodes : 42 locations.

BAGER HEAT FDHGT Alole] &3 FASY] Hs) &HHE

B2 3x149 ©@AME Q4 (BEAM4) 2 Bdlysln 3E A9 Young's

modulus E gtoll 1,000} & H3ldq AF5e]l SAE ol$ rigid 34 g

sF AT

YA g AEIH LA4A7E AP AL R st O YArFY &

HAEHNES A&, 339 845 a4 (BEAM4) € HEsn BF

6702] =98 Q A (segment)E WA TH

AAE rigid truss element (LINK1) 2 7H3siz 3741 A{=

(translational degree of freedom) & &3t}

SHRRA G TG EIe dAE Qlstd 3RY @AHR a4

(BEAM4) & 4] H-&3tit

F R dAgTHEA APFT TIEHTH Atole] AARYE rigd

truss (LINK1) 2 2dgsn, £33 stgaAge] 1=,

U A 1270 JAdgthdEe] 2L foA 7)ed Adecnds FY

Al HAst] ZAstA

®

HAYA 7] AR HAME SLF HY o]FE 8 %=h.(Uz=0)
ZE ddsndy FA BT R o e FHEHNA transverse
displacement(Ux, Uy)e 3834 g+t 3¢ (z-axis)el HEH
(rotation) = 3¥-&3}x] &l
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® WHsel AYYes VAHE 513 7 thie 437 BAA WA =
oz FUSA e
@ 20 2RBAY2 130 ARG Dol AXNY Bl AEHE Avjal
£& 12010 N Q¥ [22], o) 842¢ 13 thie) XE 4A 29 47
A FUEo T 215 N BT S5 24 FgEn
® 1) 298472 13 ) ddsthE go AW Ael FgHE A
%€ 7360 N o]}, olw 2t@HolMel 515& 131 N ol

. T2 4

2 dduode JAR AMdAG #H4 RAdPLS WE FRIHN Z=d
ANSYS 50 # 5.1 version o A&stEE TR 137} Aoy d9 33
2 VAR rigid truss 84 BYe FY $E 8450 olm 84 & 11,085 A
otk ANSYS =9 AMe Aoz en, AAMAMNTELE HP-75
workstation A4 thek 300 = A4 F A

ANSYS 3 E=9] Preprocessor(PREP7) A 3 mdal Azxrl adg
215 ~ 217 o el stk F, 2y 2.15 ole FHEAA 7 JAHE sRLE v}
A MAgchd BobAdgwe] 2174 AA AAZAL FHAAZ] FBHE
(N1-N8) o] veh} 913, 29 216 olv Adachd HAA A 43 7} &
HEol EAH Ut} ¥ 217 e AA 137 AdschE de| 33 7|8+
Z 2ol EAIH qith

dAasvhde 7143 AAALE 457 A dAdschLse] ¥
T BARE GoAe ¥ ¥3E 45T 4+ Ade ¥ 9 (displacements), 52
ZIAH AAGE dSE 5 Ae &Y Fh(stress) 2P FAdarhdy z+ F-q
)& stF(force)E T3l ol& VS, 8 21 stF UEL 27l FHEAHA
719 170 SHAHAZNE HE3UE A5 tsl 22 AdHU
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oh. #HAZAR L E9

CANFLEX #dgthde] AAAE A4s AR4e 4Fs7 98 714
] FZIHHE £33 Ao 130 ddsnhd Fa 799 4 47 2 84 943
iAol W, st 2 ¥ gholth

2709 AR 77 AAdSThE #1 9 #F 8§ ZolA ddschL g
S AAG A BARTHEEY ¥y 5L OY 218 F 2t o] 28 34Y
(x,yz2) FRE et HE IS BAF e, ddschd #2 oA ¥ =
F< A HolA gAgt HAFTE #] 9o {5 5F FoAMes oo gy A
5850 ohd Rz UL [KF AF F, & EFIY 84 FHY
ARoAs AR YJ8FEC] w3 Aoz o7 ¥MAE EHE HAG I
d 219 dlME o #1 9o §F SIF ZolA, M7 ele AEg 33 Hd F
o ¥E5S MR vlastd BRAgFa Qo o] addME §F sHFHE o 41 o
Ao AT 2 89 FHAFAI] FHEAAY W7 vdEh Qled, 53]
ZAFANY B BHEC] WY olHFoz BE A HMAY Egol v
el Aok o]9 Zo] SHAR 3} AAHE 8 FIHESANA S Wst L
Agol o}, 1370 AFSCL d9 AN WSt Adoes aA vepkd. o)
A, A Az Fod A9 etk o] SHAYAT] HEH AA NS HWAFS u
of Fojoigt AA & ARNAY ¥ & T F AUtk o WPLez AAsohd
#1 9 3RS FAE8 T HFFA & AHANAMY SHF HA @ Uz & F
sto], 2 2.20 ol JERAUTE. o] T PolA WY gro] 0.0 28 FoX Fo] FW
FA71 AYolxn, FUAFAIZ B Ayt Dold £5 ¥ ol i AMEH,
2 HRXE WEEE F4% XA 088 mm 2 Uelgt o] ZiE 484
[1] ¥ 05 mm ¥ vjay F dXFct. 28 221 & 137] FFEHE g Z
TR AF ARAM FHEAHAIG HF JHEA fRse AHNIG)FH F
A% AHAAY ¥ gt ol ¥y gES Al F, delta Uz (center-outer) W
Y E2EXE VeI gtk o] 2dA ddaThL 41 o FFWY TUHTRAA
"9l gk ezt 7B ZA vty BdethE 42 oA ddEThd 413 o2 Z
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Fig. 2.19 Displaced Shape of Bundle #1 Downstream

(Double Side-stops)

STRUCTURE ANALYSIS OF CANFLEX BUNDLE BY ANSYS CODE
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Fig. 2.20 Axial Displacements Uz of Sheath/EP Junction
at Bundle No.1 downstream (Double side-stop)
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T8 AUz 3ol 3o It ol #F SIUTFlE § thise ¥4d3 T
ARQ8e] o ZA FE-dta, FUAA Y HEse EHYFY d#olAM 210 &
5% AHY dAFT M7t FE&HT UMRZE AL o8 L=y gEolt
webA], ohk 41 B #2 o BEFE TS o MU AU, gl 43 o] F 9]
FaR T A A7 Al dojuhA] it

a8 222 © 4¥E JolA BT+ f-F522 YA AAYE 137
YA 4ol 28y, TEE, HEE, FHUBEC] 4 AXHEE EHdlc £XE
BAFT ok % AFHIFY A7F v #12 & #13 oA AUl A A&
szt A 7% SHRT¥eR 4 8 Friste o #1 9o stREFA A%
TollAg AUl 10,000 Noldez IA veigtt) o|AL 4 dAghdd 24
sl gl T BN &T Zo2 UE $H L9 o] 4y F4EF ¢
PolA FHE S g2 AL HAUY] wWEolth o] I F8I WEE
A9 zkol Bl R dhAHoz HE AL ' AARF 7 H1 o}
28 thig nAANIIE SUAAINVT AFEE AAGS o] g AJYo] AA
243517 g ol 8B F EXAA Y el #F SFEYT o 4l
i Bo oidk 42 R 43 A vEtEd, oS FEFAIN} e o 4 9
Aol ol AFHo = FAL3T FHBAAE FHAA7INA Art a9
o] thik #2, #3 oA Yol AUF oz ol #1 oA Bot ¢ A FE3se @Y
oz d¥dd. 29 223 dv {F SRS the #1 o A58} TEH YU
A= Y=Y (compressive force)S HA|SIT it o] IRAA, txHL FHA
X717 A AR A 800 NollAl 922 N7tzx] =LA 2437, E2HAA] 7] A=
He Azt 93 XM= 20 N ol5le] & o=z 2Asin Qo

T4 A3 2Y 224 £ /F YT dAsoL 41 SLFER
ol 49 H-§¥ (maximum stress, MPa) & BHErh 7], A §¥7k Smax
T frEade =409 23893 3388899 &< Smax.=S(dir.)+S(ben.) &2
Ao, SUAAY] AX 2% APFENA Ho 148 MPa 7tx2 2A U

Ehtn 293 WERAAE 800 MPa olata Uehth 23 295 dlAE 45 8
~—92 -



(dois-apis ejgnoQ) siuaws|3 Buly Jauuj ¥ "uua| ‘18InQ Aqg pause) peo belq ge e bi4

‘ON 8jpung
1S - 2 & v & 9 L~ 8 & Ol LI
A B L G oo o

X -l.g..l- ............ LX
: Ve g g m = v R

By -- 4---

Buu Jouu|--v- ~
Guid "wusup - -x - -
Buu 18N —o—

— 000¢

— 0007

— 0009

—{ 0008

— 0000t

000ct

(suowmaN) peo; Beiq

-03 -



Fig. 2.23 Compressive Forces of Sheath/Endplate Junction
at Bundle No.1 downstream (Double side-stop)
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Fig. 2.24 Maximum Stress of Sheath/Endplate Junction at
Bundie No.1 downstream (Double side-stop)
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Surey ohd #1 oA $¥ ghol 1,486 MPa 7HAl ZA vebgout A9 ous
2 252 33 FAasto ohd 412 9 #13 dAME 10 MPa ©|3l2 Jehte ¢
£ ¥ (stress distribution)& RAF3 k. o]23t A= AMHeR 13 YHs
W dF 219 SAAAT) AAEHE thE #lo] 7t A FERAFez $¥S
= AL BAZT

17} 28277 ddachede ol fleld A AS ddaohy
So WelE P Y 226 ¥ Bk o] aYPlA, AR 2 o WY mEg
o] A¢ Holx] FAgt FHAX| 7|9} %d%?& & ST thd 4 9 UF ¥4
2RSS0 R ggoz ozt AW R4S Ho 33 ok E3 o] 1YL RY
Agw 1o 29U WSS B Fid, AN 24 ZUAAS A
Aol A$ By} o7t o MY BS5L BdFn g olAe ) 2mAA7] A
9] 74gelMe 47 AHEC AP Jlenz g 1 AHEE FAHE 20
20427 A ASET = Yoz o of A WYY Z&E BAFoh
AARTHE 41 o BETYRY AJ2E FPRe Z AHNM 2w Wl
Uz & 23 227 st gch #9ighe] 00 22 Fold 4 Ro| ZWAA 7| FWSoly
2R3 A 7N A Qo S W9 ol An JUAE SARPRY) VY%
ABE AAGlA 11l mm = UERGT ohi 41 o BuEwo] Swge s 11
mm T WHE Aoz UegAg BUAuWRY Ao 916 mm Q) FL
naPGA o] e WY g v Aon & & Urh oy FHETB 11
mm AT WAL F2A ARG GBE NN FEdn BV & AUk

O 228 olE % SEUA b 41 o RuAIR Rele ¢
& e Yk SHAA 77T e AR MY HUsFS 870 N oj SHHA
7] 9212 2E Fojxd RolME 100 N olatolth. 28 229 ol 17/} SAFA )
A9 AL #FF LY Adshet 41 o BT A g ol YEIGS
2 % gk 29dAs) 91X 2% HSNAM Ay 23k 1545 MPa ©] UEl
o, 2833 YREolAE £8 gkl 700 MPa ol3t2 FolAth olAL WA
A7t Qe dggel Agstes Yol 2B Yurro o 7] gRolth a3
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Fig. 2.27 Axial Displacements Uz of Sheath/EP Junction
at Bundle No.1 downstream (Single side-stop)
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Fig. 2.28 Compressive Forces of Sheath/Endplate Junction
Bundle No.1 downstream (Single side-stop)
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Fig. 2.29 Maximum Stress of Sheath/Endplate Junction at
Bundle No.1 downstream (Single side-stop)
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230 & 28 ol % ST g2 ¢ M Fu=z Yz Ao @
F& 43 Faste thd #12 9 #13 oA 10 MPa °©lsl2 Yehids 2X& By
F o o] ZAE B3, AA 137 g E€F FUIArZ AAHE
1 718 2A F2HeE 3¥E ¥ AYS ¢ & Ut
E 29 © CANFLEX ¥dsohdel 7143 AAA FJrteE Hg +23)

A AR fF SHEEE thd 419 T A &Y, ¥ I2x
+9 g DI FEAA7L AR A Ul FBAHA77 AR B9
s vwsled B Foh AA] R SAFA 7 o3 AR s FeelAY A
AL 20 SAEAA 7| g8 AAHE ARk A 2 o] A2 14
ZUARA N2 AAHE ZeAAe HUF FsFo] Vi FHUAAV|Z AAHE

S99 g 4ESFREG ZAA Jeigth a2y, U8 SEAA 7N 93 AR 5
%9 Hd EHgel 111 mm 2 270 FEFA G g8 AAHE Z3LrRo
%t A dEigtsH], ol 270 SFHAA A o AR HE FAeo T 8 1
FAANE e ¥ DN FWAR ) o5 AAAHE F9ol nHAXI} allolnz
AR gL wdFoA REHoz WHeFo] A UENr] dEoitt. =
d SN 18 FHPA7 g8 AA=HE ZF7F 20 FHEAX 2 A3 A
A A$ug %% A debgsd, oAz Ul FHAX7C o8 AAHE
299 nZYPAE FFAT 2¢H QoA FEHe2 Y o] ta FIHHUI
g Eolct. AMALz 1} SAAAIG & AAFHE B4t 24 SBREAN
A3 AAHE AFED 3 2 oz Yeided, oldde JIdsohe do] 1
M EWAR 7 g8 AAEHE B9t 20 FHEAAI) g8 AX=HEs ARG
T23 dAANA EAFE RAET.
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Table 2.9 Summary of Structural Analysis Results for CANFLEX Fuel

Bundles
Contents Double side-stop Single side-stop
Max. Axial Load 922 N 842 N

(Compressive)

Max. Axial Displacement 0.88 mm . 111 mm

Max. Stress 1486 MPa 1545 MPa

5. CANFLEX-NU ¥ds dAAEA

AECL 3¢ ool &l dA 2 Ago #3 F8 FMEL "baseline
document” & FA3I1, o] EA4E5E KAERIV/AECL 3% ZHE AAHEL £ IF
3tt}, t}e-& CANFLEX Baseline Document 59 ZH4 #3FL8 7]1=3 Aot}

(O CANFLEX-NU Reference Drawing (A %)
19943 129 16Y HAAEE A £3589, dAEH ZAA PR]|HES &2
o} 1995 24 17Y 1a A E L AA SUs )

(O CANFLEX-NU Design Manual (AAIAZA)

KAERI/AECL 3%22 AHAAIME rldFd sled, aA7A otdd Wl
£ FA4o 2 HAAAAMY working version & LU AHo|th B BN Jl
UtlolA e J87HE EAZ FUdAe Q87 22§ FAE A2 oFHolth
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(O  Technical Specifications (7] A|9HA

KAERI S+ AECL € CANFLEX-NU %924 7|$AM2, 7|& CANDU
YARE 7EAAY A version & AMESIZ2 §oEUczm, ol s
AECL & CANDU ¥ 58§ ARAIEAME ths3 o] KAERI oA AF&Hct.

Qualification of Foreign Supplies of CANDU Fuel, TS-XX-37000-3
(Rev.3), Issued 1981 September.

Core Fuel for a 600 MW CANDU Reactor, TS-XX-37000-4 (Rev.7),
Issued 1984 February. |

Natural Uranium Dioxide Powder, TS-XX-37032-001 (Rev.l), Issued
1993 November.

Depleted Uranium Dioxide Powder, TS~-XX-37032-002 (Rev.1), Issued
1993 November.

Uranium Dioxide Pellets for Reactor Fuel Elements, TS-XX-37351-1
(Rev.0), Issued 1981 October.

Zirconium Alloy Sheet, Strip and Plate for Nuclear Fuel Applications,
TS-XX-37353-1 (Rev.2), Issued 1978 March.

Zirconium Alloy Bar, Rod and Wire for Nuclear Fuel Applications,
TS-XX-37353-2(F) (Rev.2), Issued 1978 November.

Zirconium AJloy Seamless Tubing for Reactor Fuel Sheathing,
TS-XX-37354-1 (Rev.0), Issued 1981 September.

Graphite CANLUB Coating on Fuel Sheaths, TS-XX-37356-2 (Rev.0),
1981 October.

Berylium Brazed Appendage Joints on Reactor Fuel Sheathing,
TS-XX-37357-1 (Rev.0), Issued 1981 October

Standard Specification for Beryllium Metal for Use in Zirconium
Braze Alloy, MET-93, 1966 December.
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o] 4] Z|EAHA ol9dl CANFLEX-NU #d&shd AlWste 71sAI9A

g olgle 2ol AHHT Ut

- CANFLEX Natural Uranium Fuel Bundle, CFXX-37000-TS-001.

B dFHAdAE £33 A7) ALAMES 7|22 ULz ALE JeA A
g FAsto LT o FHolnt

(O  Test Specifications (A]ZA]HHA])

KAERI $ AECL € g9 A8AEASS 84 34 2 3ITHE sz 9
o
- CANFLEX Fuel Bundle and CANDU-6 Fuelling Machine
Compatibility Tests, CFXX-37100-400-001.
- CANFLEX Fuel Bundle Mechanical and Vibration Endurance Tests,
CFXX-37100-400-002.
-~ Tests for CANFLEX Fuel Bundle Strength, CFXX-37100-400-003.
- Test for Fuel Bundle Pressure Drop, TS-XX-37150-005 Rev.0.
-~ Fuel Bundle Wear Tests, TS-XX-37150-004 Rev.0.
- Fuel Bundle Cross-Flow Endurance Tests, TS-XX-37150-002 Rev.0.
- Refuelling Impact tests, TS-XX-37150-001 Rev.0.
O AN 4dAed 85 9 AHAA 937 358 4
CANFLEX-NU ¥dg59 FRHASYA 85L& f5od dARINME Fvst
2 glen, AFAA A7 Y5 Astd AFA MHo|x4 HAAH EH BRIAME
T

st U EF XA EAME HANA EuAMe AAIE HF HiA FE&
3

- 106 -



FTEAY 3498 HHE Z=Q RESP dAs ot B A8 28 §
AF AEAE AHEste &St [13], o) FAF d34L 71E 377 BA8E
thatol] i3k Aoz #Hx| MLF e 437] (AEF CANFLEX tido] zg=
+ fitt. &, RFSP Z =& oj&3td CANFLEX #d =454 EA4L $3s1)
sl e 71E 4ol obd CANFLEX dds thdol dis] AgA 72 4
2]& AMg-3tod o Bt

ArHo 2 AR 25 HASY ALoldg, dak ¢ &8 o} ¥
=H), 53] 2¥o] 2% ¥l /MY & 9% F= A2z 4R AL AN F
F2 ¢ Ydage Asdidoses ELESIM ZE= (23] £& ELESTRES ZE [3]
AHE-StE AYldiME ddE 259 7t AulE JEE A AARJ) AA
god 2o @& YL HAFLEES TSl TAF ATHE 377 QAR Y
bt 9@ CANFLEX-NU ddgchdel tis) S48 WH-E& FE59 48 =23
%, oldd} ELESIM ZEE Abg3led AECL olAd 73 71& 37/) A5 E e
3 BAH doA vn E43 A3E r)edid.

Ui

e 22 2 A dA o ddand 2xAE FAA dE4E =
3ot WA Ydg Ty daAE 4 o) ©E 4 YdEFE dak ¢
Z29& 78 tg, oo W3t HJE &5 & ELESTRES ZEE AMgsld &3¢
52 AT 1 g, ddsde 7 g8 dds FHAE 2 R
2EE &S, o] ESE olf3ld HFAHoR YU S [E FA
FEHE FEAH

2
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7}. ELESTRES ZZ§ ddgid dioldg i&
Zoo YYAEE FAAE YIaE 9208 ddaridd iy o
Aojgol Z ¥ Fu2gyy ¢ Y dAEE uHEo TG old A=
chitol] digk d4olyg e HASchEd HA A AlL-3= high power envelope (Max.
935 kw) [24] & 7I1& &Yolgdoz 43 o|F d4x F3F 0-320 Mwh/kgU ol A
a9 231 3 2& ez ®HATIE wEez P, ArdiMc ol
ez BF 715 7HA] A4y BFEES Ao ARSI

. Hds % BIESx AL
ELESTRES ZEZ RH A4EHE 98 2724 39 2 FHAAM
LE (T, T & 4 21 o 43 A8 YFLE () & Fshach

T = —T——gl"r— . (@21

o ddEcty BFLE A
2 gy ddE ¥NE s, YIRTY B3 BFLES 4 (22)
g olgsled Fadc

Tf=

4
3 V.N T,
V,

¢

. (22)
714,

V,: 2 g9 dange 948 23 (-1234)

N, : 2 89 fdERe A4 (=1234)

T,: 2 o dds%s) WFLE (51234)

Vo g9l gEthiel 44E ¥ - 2V N,

T : ddsttd B PYdE 25,
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. ol HE dHE 2EE4 U 3 AEN
471 7h W, thool £AME AAE ddsnhd FFLEE0 s 2319
Tl 3 ARANYE S HEdld 289 Fr2 FHEHE o FaLx AEE 48
28 =&3UY.

3. HARH 2%

377) §AR BT R CANFLEX-NU sidgchite] ohi 3z dds &%
Aol T 2del P42 Tew o) FHAT

A 71A,
P =049 &9 kW),
To =o¥ FZ ddE 2% (K),
T. =444 2= (K,

ol A5 Ay 2 Az £ T T,

Ay As
37-element bundle 0.244288 0.000393
{CANFLEX-NU bundle 0.229997 0.000236

4., &

7. BAF AR EY v
A RFSP Z=olA 377 YAggthdel HF2: 4EE 98 AE
33 Qle e ol 4 (5)9 2.
T, = T. + AP + A, P . (24)
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o71M, 45 A I A; £ 0475181 3 0.000227375 2 FoA g},

EY T 0~935 kwolAl, 3778 SAA8Erhde] tis]l MEFA fF=E 4
(24) 9 AF2E 377 AdEFHE giF ] FBEAA 4 23) Y =9
vl 2stdgd, AFA € FBHYA 4 (24) 7 71E A 4 (23) 2o
Ao 8047 K ©& Iz HF 597 K 7 9A d4F339s ¢ 5 JdAuo.
CANFLEX-NU th#d] digh 4#49) &9} 377l dAdgrhdde] sl AFA &
¥ A4 &2 v s PEu, CANFLEX-NU ot #7257} 3770 o
ARHTHY WRFLE BT Hu 14258 K I3 BF 4845 K AT 2} (2
232 &z)

o 37 AR thite] dig FELE 42§ 449 HAF

AECL-CRL 9 NRU €9zt2oA a3 ddsg 2xAF APA FIO-
136 ¢ Azs} [25] 47] 3) MARE o) dis] MEA FA dTA A
(23) 9o d&ZAAE 21 213 o v w3t YERAAT. 2 ¥ 233 oA Y AN &
S g 2 ddARgE FYo] F& FALLE 5T ¢ &Yo] =
& SR er 1Y wo 4z AFEHE A 25 AMANE H4+ 2 AY =2
o] Uebd otk 1y 233 A, o HE AHAE 2% AR AP
AE & dANFES & Aok oI Ade B Ao ddaohd HIEeE
&S FEY E2d AR P Ec] BIEE 5T

t}.  CANFLEX-NU thge] i3 HF2E 4138 484y AF
W) 437) FAEE CANFLEX fidsthitd] tig xAg L5 23
287} 171 §Eel, RFSP ZEE ol4std Ha wAAEdA 120 FPD S
1/4 = Ao) SRss WARTHES Ztzto] B3 diolde AR A [6] &5
3 T3 ¥, old THAE AARTHE 28L AAE 45844 ELESTRES =
o) Hgste] O PYFLES 78T o] ABE CANFLEX-NU o ta 4w
4 (23) & olgstel 73 AT wWaATH o AT, F AN LESo] 1
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234 A} Ze] 20T 23 WM M2 & dA st
5 ZA#} 8%

CANFLEX-NU ©thdte] gt Ha2T A4S d@dd T dSZx47 A
ARl ANgE 33 73 Hds 259 F AR, o du4 =Ed AHeE
PHET U HHEecz =29 3N ddanhdd W A4 527

23X & dxste AR v)Fo] HIHYE € & UJTH 013131 A3}l M
CANFLEX-NU Ad =4lol E4EAA], 4 (23) o] CANFLEX-NU ool tigt
Y&z A& E RFSP 2= A &sldx EAZE gl 23518 3770 Yd8et
dofl g 7€ EE AZE FEAHE AMRSRE dio o AT Y4 S £
(Y F UL AR AgdT

19969 79 RH FFss FZ7] A 2 DA A A Ae
CANFLEX-NU <8 & AA2olA Al¥ZHst= T 483 ste 27 &4 As
=2glF T A4S EtES AMSSe 1dAR HARE FFALE AFold. 1
AL A5 A ddE Hod d4axrl 273 ) A o & Holy] fEo A
Sy AL ddgThde dig 44 2 M slede 23 RE = Yl
] = BAE LS ANE T A 2R sl AEE WHES A
112 AAZE=E st ol sy, F2Fo 2 HZL 93} database & TF=8}
of 3}, o]/iFe] BAHNAM FAx HH F52L& dAdx AN 7es A
Z5t7] ARSI [26], © Jolrt ndAE AAE o] Wad AAsA up
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i
dlo
b "
-2'—':

T #d ARE S AFRSY. B oAe FHEE $¢ +3
= 23 ddathd B d8%9 AR AW AHNEE BEY 4%

rol
8

T~

2. AEY¥ WY WA 3 FIATW AW AN

Aok 83 &9 oldl 7IAH @8 YARZ FHF 4ol M=
g2 =9, olo wet BEHFRA FLEHE 5T $E AX @ A2 o
2A €k 370 ddgd v A9 ol F4HAM wANgez q@gczw &

FE dASE Hdado] AA, APHoz APH o] 2wk HFo] Y A8Y =
W BFRG v ZA Jebdh o2 AL ndAEA] BEA] B Foof 3}
T A2z, drdae 2 Ay 9 S4rEs AES

7t AR
Fohagtde 4934 MARC 9 Z2 H¢ TRINE A4z=g
Agste FYEEd, o8 A WA g9 3 7HA FAde] A Eojof Fo,
O @4 d98%Y M2 & o] 4P wet FEH G $¥
o] 7} B2, ELESTRES (3] ¢ 2& Hdad HAsslds =
g ol 83t o A8 R Ho|HA Aolg At

[

@ %PPUBVe) P2H 5IY F= F421¢ FFstel, 7} =
zye 223 Y52 vhehdch
® 2ePAVEL + AN aBese wdFseel ot

ol’del ol EGF, A7) Aol o], 2=y FF H {324 mesh
g FRIANE Z=d HEso, g-a4 ALS T 2R Y $THERS &
AA EAE g& 73 olwd AAAIE WA M Tgo] 3ol H
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@  Post-processing & F33tH FQ WFEY contour  FAIg
43H BUE AARE o839 &F HAAMY FHYANEF 73,
FHHETE JAA B V1S AHESto R R HE vt
4e B

®

U BEEER AW 37t FE
] AN Zircaloy o 3¢ ¥ ¥ T(strain-to-failure)= A4 Foll H]
st ASgrHos AU oldE BHAM, FIA ZAMBA Zircaloy
o] ¢ WEE S IE ductility curve RS /st BT HY NAF A4
3 Bkl &St QUoh ZAMAFLS YAER JdAZE HEH A fF=E 5 A
T},
3 MEEo Q= ductility curve 2d S o83 2o} [26].

L =c+U-Ce #G .. (25)
o 714,

€ = strain— to— failure (%)

Eo = initial strain— to—failure (%)

¢ = fast fluence (n/cm®)

C, C, = constants.

olch. A7l 4 (25) & ZZIA7F 10 A AFFF T A48, & ZAM
oA A YAT e BT BaFHFBAE FAHAY(neutron source)o] Y&
o2, FEHFUAMY 1L FHALOl FASA HH, old @ ZAF
ductility curve & 712718 Ao BEPTRAAMY u1E FHAELS AHEH
o] & FAHAE] "04 wiolth. webA, 4] (25) § AT R AZJAA HE
AlZled Ao, FEEdR JE5F 27] ductility € 22 15% ¢ 20% = o
2A 13std I HE A ztolg A=F ok

flo

of%
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3. PCI/SCC ol &3 Sded o<& a4y 7ls

FTE2E dda7t Ads AFAA A A ol FstA ol wat 28 |
Z(power ramp)& ¥A =z, £ AF MM Adg AFH FEE 2ot
ZY45(power ripple)& LA €©rth AR} o= BE U RANEY HEFD
7IA 7t oln] 43F YARF ol B ATA, o]t FY G5l o8 A
g e AEFR §8 Ftel o3 A8 Eo HEdE 5 Uk o3 HIRT
Bee AAE 7089 Douglas Point 2 Pickering QAdA 3 stA L35
A, o9 HAE Sl AAEF IEF Bl graphite layer & E=YsHE I
A8 AFA Y4& 4 bundle shift 914 8 bundle shift & v} v} ok o] =X
of ols] T4 WASEY PCI/SCC ol 93 sh& gEo] w9 ol AT, &
A3 Yol = ANk F, 1983, 1984 @ Bruce AN 40 7 d4E
grhd, 322 1988 '3 Pickering |MolA 36 7 FAFTHEH(290 N HARE)ol
PCI/SCC ol 93 mi&d Aoz #F=|UTH

Z4g8 ddge] PCI/SCC ¢ 48 »d 2 Fuelogram [27] 3} Cafe =
d [28] o] 713 Bol AMEEHI vt olF F 2YUL 442 P AP d&
database & A At F=F AECIRE, 33 T2 AFLE A=,

(1) &hel &AL nHIT. F oA A9 29 A& uHE 2L,

shiel 284s G4 F SYolge] FE3 BAE HEE 7 A o
ATE g 24 Y oo dAEHE AR uHTT

(2) CANLUB & AYstis AA8F HAAGE FAHe2 usiA &

}.

fr

A7 (2) o AFA g &), Fuelogram ¥ Cafe RdlL 7|& F42 4 dds

23} D2g Ado] B Azid Hed & gtk =W, ol RIS L YR

£ 54 RS T Aolmz AYRARY A, =, “200 MWh/kgU o149

ALE FAHE HEP & Gt ATE BETh ol gdld, nALE AT T
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B F7 A83s x3els AANE 218 2F 18T 4 de A2 ey
o] Jidtol Hage o 4 Art AECL oA A olAte]l #HX oA mechanistic
oS3 #of

flo

model & 7A&3t e, o HHEYH 5

(O INTEGRITY =49 [29
A8 %9 PCI/SCC v 88 O3 Zo] Holgn,

1
p 1+ exp{—(d —2))

L

damage index d & work density ratio (W) ¢ fission product concentration (J

o g2

d = aW f°
Fo|ATh A,

a = 113615,

x = 0.0836,

y = 00676

olt}.
Work density ratio (W)
density & Aol &=d|,

fr
pul
o
-E-‘

Zo] work density/threshold work

threshold work density £ Lunde-Videm ¢ =9 43 A#Z o] 8359

u, = 2.358x10" F 0506
F = 7.58x10% w

BT AF W3 FEAY fission product concentration (§ & CANLUB
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AFE 183lo, 2Z2A-JEH EAldAM 9 fission product concentration (g) ol A
CANLUB 9| 98] 2=EE = (0) 9o o2 Hogg, &,

f = g&—-c

M. Tayal £ 568 7] &8 A% 2@l ELESTRES ZE& &35l (o]u
28 4% & A A7+ 25 hr  128) fission gas release S A4S &

_ VvV D
g R ICES))

o] BAAL F=5tdct. CANLUB off 93t protection & fission product release
7} % 739 CANLUB AZdl vldlsln, 283 ¢ AL g o vty 28
3td, o2 Zol Yehl At

c = minmmumof{g, or [ 1 —exp(—Vqgm)] g or vm}

A7, m & AEH dF e FE A2 graphite mass &

2rxrito

m

2 7T 7] AEAM A 713 EY Hde g Zo

D
/

density of free gas

width of the ring over which the fission products
concentration at the ridge (ug/mm?)

number of pellets in the fuel element

empirical coefficient

inner radius of the sheath

thickness of CANLUB

volume of released fission gas

emprical coefficient

density of CANLUB.

Te<Twa R

olAe]l FAldA = 6 7} empirical coefficient &, =, a, q, v, X, V, z =
database & Y3l FHAE. 7] INTEGRITY EdL d4E 800 MWh/kgU
7Ax Bgd 5 glom, %3 work density (u) ¢} fission product concentration
(g) & 2= AL 8 FIIEE 3 WHse 4 A5E9 W3E GAMEHA 2
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2% 4 9ok = ELESTRES FEg olgdtd HEF 74 BEFE Faiv, &
3 ELESTRES oA T3 488 21d& FEAST 2= FHEsto ARy 4F
uler FEo| A9 work density & Al4Hgitt. 471 ELESTRES ¥ FEAST Z=&
3 2 A4 M4 EFE 1S A8R HEHES ALz, old HolA
INTEGRITY =492 Fuelogram ©lY} Cafe Edals S 29452 s
Z284 AF dId889 PCI/SCC #H&E iy AZsidtn & 4 Ao o
INTEGRITY ®d& database & & YXd= Aoz eisch mehs, o
INTEGRITY BEde F424 1d4E AAES mEY AFYY FE AAl6A
9] PCI/SCC &g dEsteul &3 A2 A2z Algd"Ho. Iz, 9
INTEGRITY =249 olF7tx] JiaFo) AUAT, work density AAH-E 13|
Lunde-Videm x=9A18 ZAFE ol§3tn e A Wi Fdepl-HER 84 7
o9 PCI/SCC & Moz HEd F fle 222 43 A 3ok
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Al1d A4

AYE(937 ~947) ¥7717r WA CANFLEX-NU @87} FAE =
Aol BN AA AP d@8oz dA HALSZE AMLHIT e FAAALLE ZE=
Q! POWDERPUFS-V[1] A&=z=2 HIAHEL HEINNR, AFEF 55
advanced fuel cycle AM&o] tiujd WIMS[2] Z=9 Benchmark A4t& 3354
o %M, RFSPI3] =& Al8se] CANFLEX-NU dde 712 =4l %3
4o BARAL, 2% HLE FAol BF WIEL AN P BT NYEHE
243tk =3, CANFLEX-NU a8 9 £¥H0|g3F AUE 4A4 B8 A8
g ALkt
AT dF710F < CANFLEX-NU #dds7t FAE Ao distd 600
FPD(Full Power Day) &<e &3 ZAAHE F83lH, ©] 7|3HEU¢e] dqds
it 2¥o)¥ S AT £33 CANFLEX-NU #d x4el Xenon 54 %
A BAF QA =AEALS EA46IAT. £§, CANFLEX ¥ds 257
AAL) mR= FGgE A5

Al 23 CANFLEX-NU 848 Z3 &4 2o A2H600 FPD)
1. Jlsa

HAAT dF717o) FAHPA CANFLEX-NU #A CANDU-6 {A-2d of
3} time-average A4S A8 AF7|ZHF gl i3t HFFEelH, time-average Al
g B AEE AEEFYEERXE AR :4EHEXY JIEXAE AMEEY.
g AA 24T QIR A R 5L rippled power, 5 AT A YF ] )
e A=3517) A= refuelling simulation A4te] Fasith =3 dQ8 AsF
P71 Y3 AdE AL 5 WE power envelopeZt ALE AA dY A8z @
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59, refuelling simulation® 258 2tEdct, EAFAME FH4oA EHE
600 FPD%<te] refuelling simulationd RFSP[3] =<9 INSTANT H
SIMULATE E&& ©]§3toq A4t

2. Instantaneous model

B AolA FE 600 FPD 49 refuelling  simulation A4S $13F 33
x4l AlZH-Le RFSPREES INSTANT EE2 ©]43 instantaneous x4 7
oz AARAHAY F, FU|L FU i FHZk NEQ] time-average EXZE
£ Mg EXxz E¥sie WAL FHEY  simulation Al4te] F#Foz ALL
sttt Instantaneous AlAtAlA = AW Y zh Adeitt dA8w FHAAT-E YR
= "age"E 0 Al 1A}el9dl Zte 2  random A B A dAs Ad)
thate]l 2L A4k, old e AlEE oW fFuslo FAFez A
st dds Ad™y oo HYzks A 4 Aok 2y dA A=z
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Table 3-1 Compariscn of Xenon Properties between

CANFLEX-NU and 37-element - PPV Result

(Iodine Yield) /(lodine + Xenon)
(Max. of % Error 0.036% )
Irradiation

(n/kb) 7-element 43-CANFLEX
0.0 0. 9647455 0.9647270
0.1 0. 9564730 0. 9566038
0.2 0. 9468493 0.9471020
0.4 0.9322971 0. 9326308
0.5 0. 9267350 0.9270672
0.6 0.9219943 0.9223107
0.7 0.9179129 0.9182050
0.8 0.9143686 0.9146312
0.9 0.9112673 0.9114978
1.0 0. 9085355 0.9087327
1.1 0.9061152 0. 9062788
1.2 0. 9039596 0. 9040905
1.3 0.9020312 0.9021304
1.4 0. 9002991 0.9003680
1.5 0. 8987381 0.8987782
1.6 0.8973272 0.8973401
1.7 0. 8960487 0. 8960361
1.8 0. 8948876 0. 8948514
1.9 0. 8938314 0.8937732
2.0 0. 8928693 0. 8927906
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Table 3-1 Comparison of Xenon Properties between

CANFLEX-NU and 37-element - PPV Result

(Continued)

Reference Xenon Concentration

(Xenon conc.) / ( Eq. Xenon conc. )

( Maximum of % Error 0.05 %)

irradiation
(n/kb) 37-element 43-CANFLEX

0.0 0.9389110 0.9389492
0.1 0.9384888 0.9386154
0.2 0.9368469 0. 9370707
0.3 0.9355774 0. 9358764
0.4 0.9346620 0.9350186
0.5 0.9340373 0.9344381
0.6 0. 9336503 0.9340848
0.7 0.9334573 0.9339174
0.8 0.9334219 0.9339014
0.9 0. 9335141 0. 9340078
1.0 0.9337080 0.9342121
1.1 0.9339823 0.9344935
1.2 0.9343187 0.9348344
1.3 0.9347018 0. 9352202
1.4 0.9351189 0. 9356382
1.5 0. 9355590 0.9360781
1.6 0.9360134 0.9365313
1.7 0.9364747 0. 9369905
1.8 0.9369367 0. 9374500
1.9 0.9373946 0. 9379050
2.0 0.9378446 0.9383516
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Table 3-1

Comparison of Xenon Properties between

CANFLEX-NU and 37-element

(Continued)

-PPV Result

Xenon Incremental Abs, C.S.( cm™')

(Maximum of % Error 0.043%)

Irradiation
{n/kb) 37-element 43-CANFLEX
0.0 0.0001240 0.0001245
0.1 0.0001226 0.0001229
0.2 0.0001253 0.0001255
0.3 0.0001273 0.0001273
0.4 0. 0001286 0.0001286
0.5 0. 0001294 0.0001293
0.6 0.0001298 0.0001296
0.7 0.0001299 0.0001297
0.8 0. 0001297 0.0001295
0.9 0.0001293 0.0001291
1.0 0. 0001288 0. 0001286
1.1 0. 0001282 0.0001279
1.2 0.0001275 0. 0001272
1.3 0. 0001267 0. 0001264
1.4 0. 0001258 0.0001256
1.5 0.0001250 0.0001247
1.6 0. 0001241 0.0001238
1.7 0.0001232 0.0001229
1.8 0.0001223 0.0001220
1.9 0.0001214 0.0001212
2.0 0.0001206 0. 0001203
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Table 3-2 Comparison of Xenon Properties between

CANFLEX-NU and 37-element - WIMS-AECL Result

(Iodine Yield) /(lodine + Xenon)
(Max. of % Error 0.007% )
Irradiation

(n/kb) 37-element 43-CANFLEX
0.00 0. 9665100 0. 9665000
0.17 0. 9567000 0. 9566800
0.34 0. 9467600 0.9467300
0.51 0.9387200 0. 9386800
0.69 0. 9321000 0. 9320600
0.86 0. 9266200 0.9265700
1.03 0. 9219300 0.9218800
1.20 0.9178300 0.9177900
1.37 0.9142200 0.9141800
1.54 0.9110700 0.9110200
1.71 0. 9082700 0. 9082300
1.88 0. 9057900 0. 9057400
2.06 0. 9035700 0. 9035200
2.23 0. 9015800 0.9015200
2.40 0. 8997900 0. 8997400
2.57 0. 8981900 0. 8981300
2.74 0. 8967400 0. 8967000
2.91 0. 8954400 0. 8954000
3.08 0. 8942800 0.8942400
3.26 0.8932300 0.8932000
3.43 0. 8922300 0. 8922600
3.60 0. 8914500 0. 8914200
3.77 0. 8907000 0. 8906600
3.94 0. 8900300 0. 8899900
4.11 0. 8894300 0. 8893900
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(Continued)

Reference Xenon Concentration
(Xenon conc.) /7 ( Eq. Xenon conc. )
( Maximum of % Error 0.004 %)

Irradiation
(n/kb) 37-element 43-CANFLEX
0.00 0. 9205900 0. 9205800
0.17 0.9185700 0.9185600
0.34 0.9163300 0. 9163200
0.51 0.9149800 0.9149700
0.69 0.9142300 0.9142200
0.86 0.9139200 0.9139100
1.03 0.9138700 0. 9138600
1.20 0. 9139800 0.9139800
1.37 0.9142400 0. 9142300
1.54 0.9146300 0.9146200
1.71 0.9151000 0.9150800
1.88 0.9156400 0.9156100
2.06 0.9162400 0.9162000
2.23 0.9168300 0.9167900
2.40 0.9174300 0.9173900
2.57 0.9180500 0.9180100
2.74 0.9186500 0.9186100
2.91 0.9192400 0.9192100
3.08 0.9198300 0. 9198000
3.26 0. 9203900 0.9203600
3.43 0.9209700 0.9209400
3.60 0.9214800 0. 9214500
.77 0.9218500 0.9218100
3.94 0. 9219900 0.9219600
4.11 0.9216800 0.9216500

~ 156 -




Table 3-2

Comparison of Xenon Properties between
CANFLEX-NU and 37-element - WIMS-AECL Result

(Continued)
Xenon Incremental Abs. C.S.( cm™ )
(Maximum of % Error 0. 416%
Irradiation
(n/kb) 37-element 43-CANFLEX
0.00 0.0001159 0. 0001154
0.17 0.0001157 0.0001152
0.34 0.0001179 0.0001174
0.51 0.0001192 0.0001187
0.69 0. 0001202 0.0001197
0.86 0. 0001204 0. 0001200
1.03 0. 0001203 0.0001198
1.20 0. 0001200 0.0001196
1.37 0.0001196 0.0001192
1.54 0.0001189 0. 0001185
1.71 0.0001182 0.0001178
1.88 0.0001174 0.0001170
2.06 0.0001165 0.0001162
2.23 0. 0001156 0.0001153
2.40 0.0001148 0.0001144
2.57 0.0001139 0.0001135
2.74 0.0001130 0.0001126
2.91 0.0001121 0.0001118
3.08 0.0001113 0.0001109
3.26 0. 0001105 0. 0001101
3.43 0.0001097 0.0001093
3.60 0. 0001089 0. 0001086
3.77 0. 0001082 0. 0001079
3.94 0.0001075 0.0001072
4.11 0. 0001068 0.0001065
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L} 4AR JFF
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o] A4re] EAL2 71&2 adjuster rod system © ©]9 banking scheme
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1) CANFLEX-NU #dE7} FHE 49 time-average model® 4
2 Kii=d

2) Spatial control& 93} reference zone fluxE A Atgict,

3) Xenon override time stepg A4S o] w, AW xenon
override time step® T38+7] $138) zone controller®l 734 9 20%
2 31, BE adjuster® ¢9&£8 JHZ Frh

4) Xenon time step 09 A adjuster bank 72 Atd3+ct.

5 298 w7HHo2 76%= 283, zone controllerd A4 =7}
70%2 ¥ 2] xenon time stepg T3}

6) R adjuster bank”} A4JEd7A 4) T 5) BAE wHE3IC)

k. AlLtE s
1% 378 ddET FAE =4 dd doE ¥ 330 FYdeH,
CANFLEX-NU #d&7} FAdE 4o dig Aas E 349 st 3,
a3 312015 QAR AAF AMEA A6 @ =4 28 HE vasd
BTt o) ATe) 93w,

- CANFLEX-NU 3987} ZAE 4L 7|F 37% YAdsrt FHE =4
3 vpd7kA2 6709 adjuster bankE AYAIA 2417 40FFo] EFEHe
91%°l =E3luct.
- 2¥0] F5ate TU ¥AE OdE 2 Ad o] AN AUAE 2
284 et
olAte]l AztellA CANFLEX-NU g7} AAH 4o A adjuster system
2 THEZ g3 308 xenon override 715& Role Aoz Jebytch =3, A4
Bl gdsnd ¥ AdEY JXE HoluhA FomA mE AHEtd AR
2 28L& A& HEA AT & Uk
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2. ANT A BAF WA =454 B

7H

ha
o] A4t AL A7t SAARAFE A2 AJtEA HE 29 A5

A3t adjuster rod systeme] JEE 715& A=A GAste otk oje} 2

< YAZ2 A7bES BF adjuster bank 1, 2, 3 B 4F AM-ET ©] A4E A9

1204 P4

A AXE AZIEAIS o] RFSP ZE=9 history-based-local-

parameter optiong AH&3}th

.

Al A =}

1) CANFLEX-NU 487 A" 49 time-average modelS 4
Astat, olol tl-3-5& Instantaneous model-& A4 3,

2) A7 A BAE BARRL o] do] k4 UL,

- AR &% 135 °C

- Z&A 4= 1 00

- & SE4 F= ' 5 ppm

-¥y g2 :35 °C

Zone controller 7 A$ 9 : 50%
Adjuster bank 1-4 91&
3) 28 AEY 76%=2 233 AEANS borond 3AAIA zone

|

controller?] A+ &9 70%& FAAZU. ol zone controller 7
& E974 70%7F 99 time stepg T3
4) Adjuster bank 48 AYsln &L g7%= €U
5) 87% AEYAA A5 EH7t 0% == time stepd FETH
6) 4) ~ 5) HAE EE Adjuster bank7} AYE wj7}A] ¥HE3o)
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CANFLEX-NU 487} 34® =4o tig AzE ¥ 3690 FYsich o 2
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- CANFLEX-NU ¥<87} A" 4L 7|E 378 ddart FHE =4
I op7IAZ 4789]  adjuster bankE AUAA 4 1AAFTo EFFH
106%011 =gsad.

- &9o] Agste T dAR o 2 Ad o] AAEE ATA 935
kW 2 7.3 MWE &2 23814 geth

o|9 A= CANFLEX-NU #LE7F ZAE =4lA adjuster system2
DEGVE J15e Holw, £F, FAYHY AARTHE 2 AY 299 HUAES
Holux] gtomA o A7 Fo] QA2 298 d2Poz AER £ Yus
Ag o nj s,

A 5 A CANFLEX #dz 257} Al A4k mixes g3k 37}

1. Jis

CANFLEX Jd8E 7|& 37 Q5 vls) A&go] Yo} Adg 2x71 ¥
¢ Aoz Bt FTEP[G] A dQschd 20 g Yd8 2E9 A
A Fa4E 23U 2 AdAE o] 5AH JE4E AHEste RFSP Z=
g £33l CANFLEX-NU #d&7F 348 4o s ALe Fa8s13th 37
¥ ddgchde dajdE 7| RFSP Z= o 4d4L A&yt Az =24

CANFLEX #lds el thah daae,
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Tb = Ag + A1P + A2P2

o 714, Ay= 5610
A= 0.229997
A,= 236E-4

P= dWdEod &9 kW)
Ty= YAdE BZ 2= (K

718 37% ddsohded dsiMe,

A= 0475181
A,= 227375E-4

P= 9ddsdd &4 (kW)
T,= dgsohd gd &% (°K)

2. AL HA

RFSP =Z=9] history-based option® AM&3l7] 93l ®A time-average
model S AA35t olo] -§ == intantaneous model® A3t} o] intantaneous
model & AAH22 3l SIMULATE MODULES Algste] dA8 =S Gt
o 3t AT s =9 FAH UL AL AL4E FHE FA
o] A4 A3g vt fFAFH AT #tol XEE YIdE 2 & 2Ed9 F
B YdE 252 3@ oA FHA FAE HYdE 25F AML5H

Time-average A4S $815le 1 ARE 7|&9 §8 JJd8 252 A3 27
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CANFLEX-NU €871 AA® =4d ths]l 9 Ad8 25687 ° O)F
AHGAl FrEFHE AlE 1.00068°11, TAIA g ALE3 A 1.00114°]14
FEZH AS 100148 YeERE 43 838 25 628°C 2 ANEH 7] A
£2¢ 71& BEE 2% 687 °CHU} 59 ° C #& Aoz el

37% BAdE FA x4 diside 9 AdE 25687 ° C)F AMEAl &
EZu AleE 100120012, AR FBAE AL ZIe 10014800t FEZ )
A4 1001482 JElE f8 98 &%= 640 ° C 2 A4EY 71E AEEFY
AET &% 687 ° CRO} 47 ° C F& Ao g et

3lH, 37% 2L CANFLEX-NU ds Fd Mo dis) 2tz Az A4
& MASL2EE A3 time-average A4S 35t 2 ZAgE | 379 A
&tk o] Ao 2, CANFLEX-NU dd8E 48 A8 257} 7= 371%
dAgd vlaf] g4 gon & Aolg HolAE v WE dArE I7F FH
T 4lo] 176 MWh/kgU, CANFLEX-NU Fd k42 175 MWh/kgU2 g A9 Y
3 Foz vEhgch

A64d AFEF +HEF(SEU) AQEF7] 7|8 Jls 4F

1. SEU 371 =0) m2 a4 oy a7

7 @A AEEF AT E A}

- POWDERPUFS-V(PPV) [1]
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Table 3.7 Comparison of Time-average Results

CANFLEX-NU CANDU-37

Eff. Fuel Temp. ( ° C) 628 640
k-effective 1.00118 1.00146
Avg. Burnup (MWh/kgU) 175 176
Feed Rate, Bundle/Day 15.89 1531

Channel/Day 1.98 191
Dwell Time (Days) 191.36 198.50
Max. Channel Power (kW) 6598 6656
Max. Bundle Power (kW) 808.2 801.7
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d7] CANDUE dAz29 ddgs AdtasS AFESL U7 W&o
FAA AYEdoe] Maxwells X9 2SI, PPV =& o™

W QA2 EAFE o) 83819 Westcott cross section conventiond
H4E Rt =3 PPV L= A EHFY CANDULA R HEE FYH
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Fig. 41 Slave Channel Nodalization of Channel O6
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Fig. 4.2 Sectoring of Fuel Channel in CANFLEX CATHENA Model
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Fig. 43 Sectoring of Fuel Channel in Standard CATHENA Model
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A1d MA

Fad: F¢ AECL 53 3 A 739 1 XY A=3s
MASAE, AECL &3 FF22 dAY dAJed 3 FFZAH(F)NA
CANFLEX-NU d#d& ide oy d33& /AT v Qo & Fore
AECL 3¢ CANFLEX 3% /1'% 399 F2 g % HI7AY ooy A3}
o} FEE AYAAE AT I AdAe] do WES FFHeE Jedty, B

BolgAlol A @335l JE NRU ZUiA1E @3S 71432, CANFLEX dds

9 BAY 4 WEE TF ledak

A2d FATFAT 2 IH FEVEIRY X
1.  AECL #9 ZAIgEET 8%

AECL 33} 3 A28 71¢8 s 1 Aels) AEsels ARsged, 2 74
A e 2 Ad a%e oe o

O A6z 7Zl=3e ('94.7.20-26, AECL)

- AECL o WIMS A4tz =9 KAERI A5H¢t B9 w 1995 { Ful
AECL 2 ®¥ ENDF-V/E library & Al&3sl= WIMS-AECL version
< 4

- ZED-2 2&3 A¥9 KAERI 97¢€ It E93in, 252 A
3 438 ZJE = 1995 3¥HE ZED-2 2E A¥S #A53sta, o
g 98l 7¥ FE 67143 KAERI 47498 #4

- AECL %2 CHF Ag8Z#¢ 1AH € CHF correlation/look-up ‘table <
KAERI o)Al 44 & CANFLEX 2 button 479 tjg CHF enhance-

ment factor A
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AECL ¢ U&7I8 CANFLEX Freon CHF Test ol KAERI 947¢9&
AN = 19959 79 HE 67194 KAERI €749& 9
KAERI/AECL CANFLEX reference drawing®l AAAQY I FTHE =
A 7 A 73 71t 19943 129 169 §F ¢

AECL 9] sjdezdr|se ¥gd4 A8 Ev JAIAY HE = 1995
72 AgdAe] A7)

KAERI 74 Ald§& F-FAZe AECL §ZAY E9 & I F
AECL Z9| licensing manager X% % A@3A U&7t A= E9 =
AECL 29X J. Lau £ licensing manager 2 XA3}3, KAERI & A
w7tet i AgFA A7} getE &

A7 2 71=39 ('9412.12-16, AECL)

AgZA 437t 2 AN A £ = T3 J1e3 oM A¢E F
E333, 83 71&3 oM 3uA B ATy ¢8

s dAEE 5 AE 2 59 & 19944 129 16¥ TF ¢
KAERI A& CANFLEX 3d® thde] NRU xjA|Yd = KAERI o A
£ NRU ZAMAE S o 271 Azgs5359ou, AHEE &85
LARAZE 112 AR o] el AECL o5& dAsl dA == 9
WA B9 rigaln e AECL dAME o5 o £33 3
% NRU ol 388 Re= 7id.

ZED-2 2EIANE = 19954 59F Z7|HFE A2 Ui,
AECL & AlF oz 1995 8YHE ZED-2 283 AgES &5 oA
W74 Ald = AECB 2 HH $U8 A $He H&std APAz
< 400 Ao dE3r|Z EQR v flou, AT 3000 AT AlEE
ANES] Fol Qs

HE 83 A = 38 2 o]lE Y §& thd AAd Jle

CHF A3dZ3 2 &% AP AY = AECL 9 U378 CANFLEX
Freon CHF Test ol KAERI d379UE IAAIZ7 FA o a3 Al

d eSS LFIEY 4F
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AECL 9 support 4% = AAs4 4T 2 dAFAY dEFPE A3
KAERI €79 194& &4z ey 9f7dF, 459 {4 J7F 2
CHF Ad F4E #18 KAERI 4749 12 6719 =4

CANAFLEX symposium 7R3 = 19953 49 10¥ KINS 9 tide =
CANFLEX seminar 7H#, 19959 49 139 3d =AY tiye=z
CANFLEX seminar 7} &

Al 8 A 71=3]9Y ('954.10-13, KAERD

AEFA A7t 2 AN Heg Y = T3 i ol AtE A
B3, 83 JlssodA 394 Ut Ay 48

ANAEg HAEE MY = 19959 49 dAxH P49 eror & 3
st AAIEH AR @2

BAFAFHE7IY SUAA I BAHGRALlY] EANE 4 H8F o
A A FAAIF7] A3 AAA EFolE FHAIE WL =

KAERI ©1A eln] AAA zo|& F7HIZF. E dimension #AA A4

A wte 93k 71&3 oA HET 4H

HE $38 THsE 7134 423 = KAERI o Az 39S $3
H3 oo g8, HAd Ak 93 J1E3odA E9 oA

CHF Alg2dd 2 &% AlY Af & AECL 9 <3718 CANFLEX
Freon CHF Test ol KAERI 979 IAAAA Aol o HAF A
¥ Wge HEES oF

CANAFLEX 493 dg = 19959 49¥ 104 KINS ¥ ez
CANFLEX seminar 7R~ 7hurielixel q37t kg AF 2dlsizn
] 1s7F AtE vlm EQ] 19959 49 139 3d Y idem
CANFLEX seminar 713- €A gddfxEe FASG =Z=gd
CANFLEX-NU 9] AM¢ BaA& Zzstan /MF Jda5F7) Mg A
e 4%
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O A6 V=3 ('95.4.11, KAERD
- AECL/KAERI CANFLEX F%/Md ¥R a4 = AECL A= A
FH & rtEstyl 98l 3d dFe FFst JE KAERI dlAs
HAH9 54 7)oz 7§4lstd CANFLEX-SEURU) /W& XA
RE FFslT L. AL EE ALY,

2. = fruvidde dx 3%

7F 4AE GAvisdTe dx

B a7/ "ol CANFLEX-NU 9 AAE ‘9512 7tA vlF3st

3, 1996 AHtr|F ARAASAI A2 AHZA AIHIME AT Afoeld,
o2 3 Mz Yoz YAFHLHr e HEZIE ez 19959 4¥ 10¥
CANFLEX-NU ol ti3t 493E AECL ¥ F¥2=2 /h3s3th. o] 4% 3N
= A EAAT|eLe] CANDU i dds AFdz ddstd & Asrt »
Flhutiel A AECB 7t Hdle wtat vlustz, 27t g tixstoof s}
AESI= Fol F Ao, dAHEHIA DA E A7 CANDU
A8 2 aAste AN W Ao Aol ARty W, PWR A%
tod A&7 Wehg JLd o&g& FASA=, KAERI 9 AECL oM e
CANDU €X=2 ¢AtxQ Fhittel Mol 1871 €38 =z wgdstr| & ulets 9
AL AMEAT. KAERI dlAME olA 71 HEsHA g A= FUAe & 39
oA 7 9AERHIIEAS As YA EFsA o] W] BIo| BE F

AZPE AP Fl AT

¢

(o}

b

r

fr
AN}
—r-i
af

l“.u{3
59
b
ob

i
gZi_',
I
Ol

o sAze Y=

3 2A 2 A JledTE YA dddE AY S ddez 19959

449 139 CANFLEX-NU ol i3 493§ AECL # ¥522 /HH3tgch o] 4
BYolM= CANFLEX AASH 59 71ed Age 342 2X5AT 44
2o 49] CANFLEX-NU A% A9 Bagg A7stAr). of 4539 34 22X
2, ¢4 EAM ddE 39 ¥4 CANFLEX-NU AlHAAE 43 7e4, o
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A4 2 AAY AES FAReR St FHANE A¥e 9 AEAA
o ohx WaMol o8 aFHE dF Y ARIMY AWFHL L
gol, @A A AA deld FAHY AE £ A7 FFL s FAHA e,
ol H4e B3} KAERI ol4 233 AMAAe 4 ARE §% 2RY A4
olt}.

A 34 CANFLEX 34dE9 NRU W FEAAE

AECL 3 KAERI % 7]®°] %22 %9332 gl& CANFLEX-NU
o] HZF AA version ¥ Mkd4 ¢ WZAIS 93, AECL &8 225% F=$aHF
60 kg & KAERI A AF3¥Y T KAERI & ol& o]&3lo i 2718 Az
5% v ok 2y, 471 AECL AlF s&%atwe 44A7 niFol7] g
ol oA AMRFE ol ¥A] RilY, o]F thiEE ‘95 6¥ AA7HA
AECL 2 Ruz ZEsz gtk olaid A8ex E3t  AECL dAe
CANFLEX ¢ Ul 234 2 AlE A8 &RE 93, 3F HA oA version ¢
Mk. 3 thZEo] 3 NRU Ul ZAMNE S A& st Aot o5 AECL ]
335t e CANFLEX th#ge] NRU =uWiAl® @3oltt.

CANFLEX the] RWA ulZARAY L 1989d A1FAE 2, NRU fA2 A
WA g Loss-of~Flow Accident o 98 F@=HAG7E 19949 2¥8 58 £AHIA
T} olgt= BxE Mk3 4AZ AZE o AJ] € NRU 9 U-1 loop dlA &+
Sttt o] T AJ] & EXRAA =& 28 E AV A 225% FETHFS A
£3519, Zircatec ol 93 AzHAG, o AJ] & U-1 loop oA 2AE EA of
o] 44T 200 MWh/kgU 7HR1x ZATHA] £33 U-2 loop &2 & AA AL, ©]
U-2 loop oA 199433 10¥ BE AMZAEZ] A&t U-2 loop A &7 =AF
HY o2 ddsthRdA dAs giéo] HAEE uiFd dARAAM T E ddg
thr S5 o] YREA AARHAUTGE 1995 18 AFH o] 1995E 39714 A
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ZAIE AT ou7tA] gAY WAE dAEE 200 MWh/keU olith E 5.1 o
e e nle) o], i A W9 & 2803 FAEGY dAEd FAH
o] HAFOlM O o] RAIHA Rl A2 A HEEHAG. E 51 o el
AE AEF 22 HAAA 714 =4 stz Jde 9 (935 kW EEd)
Bt 84 v o] e FAIFEAIP L 1995 7Y ol Fo) FH4E o Hej

thak AJJel9lel 370e] CANFLEX thte] o7tz NRU 9zt2ollA ZALE
I Atk o AJK = ohE AJ ¢ rVHAR 2.25% FEEhES AME-St Mk
3 AA=Z AzHJDL HHol T IS ALEsi=d], 19943 108 ¥E =
A7) AlEBIYT 2 28R Yerng Hi =gy d4AEE ohg AJJ o w3
ol thd AHV ¢} o AHT & 39$2HES AHEste Mkl 442 A
3, 19959 19 RE AF U

® 51 oE AJ] & &H0H

Time Sustained Max. Linear Power (kW/m) Bundle

Period Elem. Ring Top Middle Bottom Power
‘94 Feb 2 to|lnner 49 48 46 952 ~
‘94 July 8 |Intermediate 45 44 42 1106 kW
(in Ul Loop)|Quter 67 66 64
‘94 Oct 14|Inner 50 48 45 975 ~
to 94 Nov 8 |Intermediate 45 43 41 1036 kW
(in Ul Loop)|Outer 61 59 57

Approximately Burnup to Present 290 MWh/kgU.
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A 4 3 CANFLEX 3¥d8¢ AAA A

SAZAL (FZAY(F)) A AFste A 2 Bdg 73y 7+
Ag (B 52 IFF) & AHEsld CANFLEX ZAAAE EAsH) o] AAA A
& B AL A CANFLEX £ AH884] €8 F de BAF 058 o) grts}
71 1% ZolA7] W&o, ¢ RFHQ 717 A5 E Yoz AMEsto Fast
St

¥ 53 & CANDU-6 1 37]8 7)o CANFLEX #AA %7 Ax
& g9Fste] veld AHojtk. CANFLEX-NU 9 Q@ f@dsu = 71 374 98
el BEsnET 299 AE o vig Aoz dFHAY. au, CANDU-6
PRAZ oM aging Bl 7118t ROP AR =7t B2 2R3 olo] wat 3y
g ARZAA 29 AL 2 dak &4do] 2ol I ZAn Ao A7 599
AE R &£4do] wAdE 5 sltelte A (2] € #FU8HE, CANFLEX-NU & A}
oz 238 d 399 BAEY AAA 5L 7tAE = Ak Aging 4
o] o}F AslEo] YAZ ALY L EFoof & ZH$x, CANFLEX-NU & A}
£33 71& AFdE A "B CCP 7F 5% o} F3se SAd el 4xg
BAZYE 5% o4 ZolA o] Ax U7 85 Y o139 FAR 5L %1 2
o2, ¥ 83949 oldez AAAHS FINUT H5LHERUIE AHE-SHE, 84
2y dZo] Szt gk F J|E YAE AL dulstd d 62% 7HA] & A
SHE A2 # gled], o] @A \dt 31 94 gdtt AFEe-ESES A
4% A4 ddsn A9 2|7t AR EFo] ARXNAM IEaF AR
o ¥l&] ZA etz g5 09% FEFSeE AR Jleol v I52ekE
AAE el B 12% F2%&dF dQR Jl&o] uz2 DUPKC & 2L A%
HAET7) 7lgclER, A¥Stety ddE Jide] dasin
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X 52 AAAH BAo ALH 71A A2

o Natural uranium, UzOg [US$/kgU] 31.2
o (Conversion
-~ Enriched uranium

Us0s to UFs [US$/ng] 6.0
UFs to UO, [US$/kgU] 40.0
- Natural uranium
Us0s to UO. [US$/kgU] 115
o Enrichment [US$/kgSWU] 100.0
© RU Price (UO: base) 50 % of NU Price
o Zircaloy-4 tube [US$/each] 5.0
o Fabrication [US$/kgU]
- 37 element bundle 30.0
- 43 element bundle
Case 1 : 30 + 5(43-37)/185 = 31.6
Case 2 : 30 x 43/37 = 349

o Burnup & Backend cost

Enrichment{w/ol Burnup{MW U Backendcost [US$/kg]
0.71 7.3 46.2
0.9 139 49.2
1.2 21.6 50.8

o Enrichment (Tails Enrichment 0.3%)

Enrichment{w/ol kgNU-feed/kgU-product kgSWU/kgU-product
0.71 1.000 0.000
09 1.460 0.163
1.2 2.190 0.510

o Material loss rate [%)]
- UsOg loss in conversion processes 05
- UO; loss 1n fabrication 04
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¥ 53 CANFLEX #ds9 AN

(O CANFLEX #ds AAL 53 A2 ¢AdRE AL
AR e AL (B2 3 2 z)
A A= 72| CANFLEX- | CANFLEX- | CANFLEX- | CANFLEX-
sldgu 28 NU RU 09% SEU | 12% SEU
Azt APE (%) | 67 - -22 | +595 - +618| -54 - -30 | +3.3 - +48
1o
AR BT g @) 31 | +30 - +31 | -3° 2 2~ 13
Azt A8 (%) | -40 - ~14 | +535 - +549 | +138 ~ +15.2 | +26.4 ~ +27.3
do) g = A
AT ADF agre (@) -3 = <1 +44 ~ +45 | +11 - +13 | +22 ~ +23
() 1. CANDU-6 1 7] 71& A4 7}l A5
+ AAA o] - AAH £4)
- 712 AAF bzF WA F = 50 2
- 712 9dg dzk AdsFoy = 82 J9
(O CANFLEX #dE FAL £33 A2 SHA{E F4L
133 CANFLEX-NU ZAAA
AAgANTAA BFEF ROP ROP Afx Rz we

Afol Be 2L % dax
£4 Ry (REY (2] B2)

A2 AA23 At A%

&4 Y @aER (2] F=R)

CANFLEX-NU A4 33
(A4)

274

80 ~ 82

(&8)

1. CANDU-6 1 7] 713 AAA #H7l A5,

2. AL F4L 55 AAA e CANFLEX-RU, CANFLEX-SEU 2%
M Heg
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1. F52% A¥F dd9& (CANFLEX) 4A

F37] 194 3Adxeq JFAEE (947 ~ 'K.7) olA= CANFLEX-NU ¥4
g2ohge AAALE &3 5USHA, CANFLEX-NU jdactde] ARdA 52
4 92 APz APEA A7 58 B4 Ao e 8% B thi A%/
A Bt As A FHEUT. £, Adx6d L thd B7 PYdE 2
T AES ABYT 9 AT FAE FYHAT, FA7) 28A (967 T 017 FH
ey 1d2s YA Ade v d72 94T £ B ddE 4%

A Y ES FESAT OS82 BHdE oA 2 F8 AASE Ve

O CANFLEX-NU #ds 44

© CANFLEX-NU 3¥davide HdAEE FA.$UsAD. (=8¥3:
CANFLEX-37000-1-1-GA-E, '94.12.16 &3, '952.17 1x 7/§A)

o  JALHS FFS A =¢EHe HE EA-E {3 tag §HE SAIEF
A RSt e, 7HEAE 2 dAY FEE 98 8d 22E %
Az P =& FAEFA ok =9l A2E e Ry
el ot} A AASHC e HEY 4FF Yo HE 2L §o
Al ste FNLE vlE ZleAHE U

o HARFA7Y SVFA| o ¢TI HE Qe T d&gF 9
AdAM FdstA fA 7] At FAE AAANE AHSSEF S
o] B¢ Tt ol FolA A E AR uiFo]| YA =), o
o sid Wyetez E ARES AAHESIA N2 29L& Bisie Wt
£ HEZ

O CANFLEX-NU #6888 7|44 AAA A
o HAsH IF AHdAAY &4 +8E& AP ELESTRES-FEAST
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-HyperMesh ZE=AAE F&35l3, o] =AM AlEsle A==
£¢ FEAST PRE ¢ ftrans & 343t o] Z=AAE o] &3lo &
g A4S Falstes HHES Mo

471 93l Z=AAE o]RstH, BHul-FHEFH LHE LA
S8 dAsNE 35U slA 23, CANFLEX-NU 98589 g
o7~ 83 &R YA PCI/SCC ol 9§ mpo] dAlE 75 Ao
A Qe Aoz Ueytth =3 B35FF &4 ZAdA 9 AJdEE
ASS BAste YAER H5E4 HER WITs} Ba3FE ¢
gt ¥iglsle S48 AESAT

A e dHdE uAF Hdasy H AHEES THSYH
CANFLEX-NU 3 d8% Hd 2 7| A8 B} 22 o=
UEIG T, £ CANFLEX-NU Q829 o o] d43 128 &
A 71 ARG WE ALhx Frhdd g FFAste
& Bied, ol8ld Zas=2 ¥ E CANFLEX-NU d&%5-°] 7|& ¢
AEAAMET & AF HollMd HE 433 AFE EYdE ¢ & 9.

rr

oft
=
2
8

oX
0
Mo

il

o

O CANFLEX-NU Hdstide] 7143 744 Ay

“Hds AP A= Y

o

BAx Y F3 dds A Jdsoht Fxsiy SHeEs o
S FA3} 3%, olF o|§3st9 1378 CANFLEX-NU thg o] 271
FUBA7 22 VI FRAA 7N AAHe BAeose fdsrhd )
AX A3 AHstAT. 20 FHEAAA o8] AAFH= H$olA
T ZFEHER A ASANE AP 2T HnFez A Ay
AR EE sttt 2 AAe T, BEHT VMY S 2 AAF
X dderhd €2 wE $YIEX ¢ Y3 AdY A" 717 F
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O CANFLEX-NU 3¢5 HAFA

(o]

AECL 7 3502 HAERE BR.5A5QT, AAXNAA, 71EA4A
9 APARHES FulFd UT EF, ZhAML) FE AL Y
B} g AEAEL A% A%t S AW BAS, 3, ARy

o AFA Wolx=4 FAY B 1A JE Y BNEL FHF

At

2 X

O CANFLEX-NU 9¢Schd RFes 42 334 3%

(o]

Adxo] 3 CANFLEX-NU duthd JFax A& UAH4L 3
%39tk CANFLEX-NU #dgo tigh =& AgAs7t ¢l o
Foj), A CANFLEX-NU ¥dsrhd PFF2x AHE $384E £33
= A3 WS 71E 3TN gARETdd AHEs9 7€ YAs
qE A £33 F olg oty T 2= AdAE 4¥As
g wimse WHEez U4 =EF WHES ZHAFSIAG O,
CANFLEX-NU Ad =Ae dis} BARE F3sq 2 ddgchd
o) 20|y L T F o] FHo|YL AMEFY T YAy 2xE A
7] AL ol &5t T3 AAs SEG vTF2EH AV P =
2ol AHEE Z¥old AR €g34E AFSE ol F JhA A
ZUye 58, & A7PolN $5% CANFLEX-NU #dache g

2= 4% WHA0 BYFe YFHA.
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938t mechanistic model € I .ZAESGT. o5 W E 2 4 7F
TALE BEE AA L AAA Ao FH 882 A= AL
A,

flo

e
pV
!

2. FT28§ NMFHWAS (CANFLEX) FH 9x=29 283 sy

FHdEo M= CANFLEX-NU dd87t Fdd CANDU-6 x4l tistyo
600 FPD &< &3 2o A4 £33, o] 7ztE¢e ddactyd &30
¥& Jasidch. =3, CANFLEX-NU Fd 49 Xe B854 ¢ 3 FXF A
HeA =AEAL EAMsIHT. £3, CANFLEX-NU 398 257} kA A Ak 0]
A g 243t

O CANFLEX-NU Mg AA S molAA

o]

8 bundle shift fueling scheme < HE 3 600 FPD el &4 mojA
A A=, Y 922 6831 kW 2 YAETHY £YL 88 kW =
veht dA €4 1 3719 AFAYD AdEY 7300 kW 2 FAsohd
&9 935 kW & FE3] ¢Fsle Aoz Yeiyoh

() CANFLEX-NU #4dg8 AA w4 Xe TEA BA

o]

71& 3770 HARE T CANFLEX-NU th#te] Xe S48 wmslyd
e, ¥ 3¢ EF 0K A2 vyt £Y, AERAAY Xe
Folg 2 2YEAAY A2 A F¢, AR JITF BS, B &
HollAe 2HAE F¢ol dsl si4sidenl, 2 @3 CANFLEX-NU
A Ao Xe A%e) 71E AAE AW =43 P A2 Y
c}.
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(O CANFLEX-NU 348 A dx29 FH JXE A7lEA =AEM 24

o @7 A BAF x4 AtsAMe =EEF AHES CANFLEX-NU
AR =4 dig] BAMslgesd, 2 A7 30 £ Xe override 715& gt
Z3th =3, o] A4 6709 2AEE bank  ANAIA LT AL
VAR A 2 RARTHE 28 ATAE 2R gov] oF 247 40
Euto] A &89 91% of T@sts Rez Yehgrh

o AU} A FAF x4 AsteAY 2EE AFE CANFLEX-NU
A x4 i3] =3 EAsA=d, 419 =3B bank & AYAZ
B e BAE Ad € ddstd 28 AIFAAE 2754 o
oF 1A]Zkgkol] 100% A &8l =2t

O CANFLEX-NU g8 %571 x4 A4k olae 93 Wit

© CANFLEX-NU 387} ZAdE 4oy f3 48 =& 628°C
2 Yehd, 7] AHgFU 712 dE8 & 687°C Er}l 59°C wE @
Aoz veigth 3, 374 QB2 EOE Fd 4NAE FE dds
S=7F 640°C 2 YERgT olaidt AE WdER 2EE AMES
Time-Average =4 A4t A3, 3$E dAEw 377 JA5FoHEe] 73
< 176 MWh/kgU <22 CANFLEX-NU #dsode] HSL 175
MWh/kgU 2.2 A § F7/ g9 BE d4xr AHY Y&
FEo 2 JEsT

3. Ex24 MIFAAE (CANFLEX) A3 QA2 rAA a4

CANFLEX-NU £ 7}1%% 600 MW CANDU (CANDU-6) A& =20 ZA3}
7] 918 #ASstool e FA A FAQRN ZAZ} HAANE THIATTA
CANFLEX-NU 9 A4 H7HE £33 o1& fis) Azt 2 od 3t o
A P3P WEH Azl tid GAHNE FASASH, G o5 U
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ok

o Az

il

olc}.

(O CANFLEX®] A4z A g Q37 9
o 3 A FA AYL £, 7 AA dA gE Alnds F=22 A

T Al &S AH8stx, 1000 thd ol % A FA A9 2z &)
FEHE 224 2 39l dHAE C6ol IAY ZE AA JF Alm
E A{AxE AU WA A gz ¥4 2, 3 4% FSAR

O CANFLEX-NU 9] ofjd] b4 BHI} 4-f

°  30% YA YT EW oo Al EFMAF thy) CANFLEX-NU ¢
AdE (AN BHrlE s Yedl, 2 A3 CANFLEX-NU FAA] 7]
E dds AW ZE0 dAE A AWA FE A A/REE 24
Shunt gAAFIE Aoz YENT F BdE $4L57} 2348 °C (X
F ddg) JdA 1960 °C (CANFLEX-NU) & 388 °C o+& 7459,
Hx HEF =7t 1530 °C (EFE d4asm)ddA 1402 °C
(CANFLEX-NU) & 128 °C #4 g #4A3fd. old oda Jxn ¢
@ 2%7} 817 °C (BE dgHF)NA 806 °C (CANFLEX-NU) 2 11
°C 3Hg Z4stih

°©  YUXATFT EFF HEZ A AlnA] ZFAAE diy] CANFLEX-NU ¢
AHd AAA HHE sl M, CANFLEX-NUZAA] dds AAA
oY Ad ARErt ZA FEEE AUk F, Hn AR FHL
=7t 2307 °C (EE Fa8)9A 1909 °C (CANFLEX-NU) 2 398 °C
TE AL PT, Ju FHEY 257 778 °C (EE #ARF)NA 587 °C
(CANFLEX-NU) 2 191 °C 9+& Z4 skt
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4 FABFAT R IN fB/BRY Y=

O AECL #¢] I AFFAT 33 st

o]

AECL # 3xt#e] 71&3lelet 12ele] Axs|olg MAste, 43 7)&
AR 2% 3 JYYPAl AR E HESAY AECL 9] 39A] Fa
BAAE

- ZED-2 2E3 A g

- NRU =Wl ZAHA

- CHF A% Z3 2 U&718 CHF A ¥

- AA=Ed

- HASFA7|oe GPA duFE 2 FFAEAE

- AEEA I3t 2 A dF

5 otk

f37| Bt Y=

AECL ¥ F5o2 fxgtAI|&d LS fdeg sk CANFLEX
A3 g MAstT, FhtaA e g ddE A7 AR AR
A71E9e AdS HAE EYFHAUT. fAEAANELAME oA MA
F+24 AP AAF U JFH7 Pehg F£YPsA dFn AW, F
F2 Hds ALE JIFeZ I At s FHE Aoz A4
t.

AECL & F522 34 Y& uyez sl CANFLEX 4933 & 7}
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2= 1 CANFLEX-NU Reference Drawing
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