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Reactor Fuel Performance Data File - 1985 e=dition -

Yasuo HARAYAMA, Misao FUJITA and Kohji WATANABE*

Department of Nuclear Fuel Safety Research

Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

{ Received June 25, 1986 )

In safety evaluation and integrity studies of reactor fuel,
data on fuel performance are the most basic materials.
The Fuel Reliability Laboratory No. 1 has cobtained the
fuel performance data by Jjoining in some international
programs to study the safety and integrity of fuel. Those
data have only used for the studies in the above two fields.
However, 1f the data are rearranged and compiled in a
easily usable form, they can be utilized in other field of
studies. Then, a 'data file' on fuel performance is beeing
compiled by adding data from open literatures to those
obtained in international programs.
The present report is prepared on the basis of the data

file compiled by March in 1986.

Reywords: Reactor Fuel, Assembly Rod, Fuel Performance,

Data File,Compiled Data
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®xx  FUEL PERFORMANLCE DATA  xxx DATE = 86-0%5 *xPAGE®x (D- 1)

CONSTITUTION OF FLILLING DATA NUMBER

FOR FUEL PERFORMANCE DATA

£33 1 %X

KR K KE R R HE KRR AR KRR R KRR KRR KKK R KR KN KK KACKR KRR KRR AR X R KUK

FON ¥
000001 :
100001
300001:
500001
70001

900001 :

100001
110001:
120001
130001:
140001
150001:
160001

CLASSIFICATION

FILING DATA NUMBERING.

DESIGN, SPECIFICATION, FABREC%TION DATA.
IRRADLIATION DATA.

SPARE NUMBER.

POST-IRRADIATION DATA

MATERIAL PROPERTIES AND MISCELLANEOUS [ATA.

REACTGR CORE.

REALTOR CORE - LWR -

FUEL ASSEMBLY.

FUEL ROD.

FUEL PELLET.

CLADDING.

MISCELLANEDOUS PARTS AND MATERIAL,

,,,,,,,,,,,,,,,,, e e e e e e e e e e e e e e e e e e e e e m e A e =t — - K

FND : F

ILING DATA NUMBER.

THE NUMBER OF FND EXPRESSES A STARTING NO. OF EACH DATA GRUUP,

__________________ e
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*xx  FIUEL PERFORMANCE DATA &%= DATE = 86-05 **PAGE**® (J 2)

<k 100001 #>  T¥PIifAl NMYCLEAR POWER REACTOR DATA (1) x% 1060071 *x

Se (1) K=o (2) oo (3o - (4D -mo- - (S)omeoa-(B) E- - (T} k- - (B} %

{ 11) REACTAR TYPE PWR PWR PHR BWR/6  HTGR LMFBR  GLFR CANDY
W) (B&W)  (CE} Pify
___________________________________________________________________ *

€ 10) GENERAL DATA

( 12) THERMAL OUTRUT (MW (T) 3411 3600 3200 3579 3000 2410 2530 1610

€ 13) ELECTRICAL QUTPUT (MW(E)) 1150 1200 1300 1200 1170 1000 1660 500

€ 14) EFFICIENCY %) 33.7 33.3 34,2 39.0 39.0 39.0 39.5 31.

€ 13 FUEL TYPE uo? ug? uoz ug? uc, MO X M un2

TH- 02

€ 16> COOLANT H20 H20 H20 Hen HE NA HE D20

€ 17> STRUCTURAL MATERIAL IRY-4  ZIRY-4  IRY-4  IRY-2 GRAPHITE 21685 31638 ZRY-4

€ 18> MODERATOR H20 HZ0 H20 H20 GRAPHITE - - p2o
___________________________________________________________________ ®

( 20> CORE DATA

€ 210 ACTIVE LENGTH (M) 3.66 3,63 3.81 3.76 6.34 0.91 1.48 4.1

( 22> ERUIVALENT ACTIVE DIAMETER (M) 3.37 3.52 3.63 3.64 B.44 2.22 2.7 6.8

€ 23) HEIGHT/GIAMETER 1.09 1.03 1.05 1.03 0.75 0.41 0,55 0,60

¢ 24) ACTIVE CORE VOLUME (L) 32800 37600 40000 63910 354000 6300 8510 130000

€ 25) AVERAGE CORE POWER DENSITY (KW/L) 104, 95 .7 9s. 56.0 8.4 380. 297. 12.4

¢ 26> FUEL WELGHT (TONY 90,2 94.9  103. 128. 39. 19. 28. 80.

¢ 27) SPECIFLC POWER (KW/KG-U) 37.8 37.9 36.9 25.9 7. 128, 90. 20.4

{ 28)  BURNyP (MWD/MTU) 33000 33000 33000 27500 08000 100000 100000 10000

¢ 29) CONVERSIGN RATIO .5 0.5 0.5 0.5 0.7 1.3 1.5 0.45

¢ 300 FUEL ASSEMBLY DATA

¢ 310 TYPE SB 58 58 CN-5B  HEP HCB HLB PTB

€ 32) NUMBER OF ASSEMBLIES 183. 205. 241, 732. 3944. 394, 347. 473,

¢ 33) FUEL-ELEMENT ARRAY 1717 17X17 1618 8x8 132 HEX HEX PRESS.

PINS. TUBES.

( 34) ASSEMBLY DIMENSION (MM} 214X214 217X217 203X203 140X14% 350K790 120X120 170X170 80X500

¢ 35) ASSEMBLY PLTCH (MM} 215. 218. 207. 305. 361. 124, 175. 279,

C 36) NO. OF FUEL ELEMENTS/ASSEMBLY 264 264 238 63 132 217 225 28

¢ 37> TOTAL NUMBER 0OF FUEL LOCATIONS SU952 54120 56876 46116 35496 85464 77031 13244

C 40) FUEL ELEMENT DATA

¢ 41 TYPE CR CR CR CR GRP-UC, W.-W. VENTED CR
THGZ ROD CR CR
¢ 42)  FUEL-ELEMENT PITECH (MM 12.5 12.7 12.8  16.2 7.25  11.4  15.5
¢ 43) FUEL ELEMENT 0.D. (MM2 9.4 9.8 g.7 12.5 15.6 5.79 8.05 15.2
C 44y PITCH/DIAMETER 1.32 1.32 1.33 1.30 1.25 1.41 1.08
¢ 45)  CLAD THICKNESS (MM)  0.572  0.597  0.635  0.854 0.38  0.295 .38
 46) FUEL-PELLET DIAMETER (HM)  8.19  8.23  8.25  10.386  15.6 6.6 7.39 4.4
¢ 47) PELLET-CLAD GAP (MM)  0.082 0.10  0.089  0.08 0.12 .12
( 48) FUEL ENRICHMENT G B | 2.91 1.9 2.2- 83.5 18. - 10, - NAT. U
2.6 2.4 2.7 15 15
3.1 2.9
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
€ 503 THERMAL HYDRAULIL DATA
¢ 51)  SYSTEM PRESSURE (BAR) 155. 155. 155. 72. 50. 14, 86. g9.
¢ 52) CODLCNAT FLOW CTONJHRY 62000  6800G 72000 47000 5000 50000 10000 23900
¢ 53) AVE. LINER POWER DENSITY  (W/CM) 178. 178. 175. 206 78,7 29s, 217. 200.
¢ S4) MHAaX. LINER PGWER DENSITY  (W/CM) 426. 483, 410, 450, 229. 492, 390, 528.
¢ 55) AVERAGE HEAT FLUX (WiCH=%2) 68.5  64. 65. 50.3 2.4 105. 93, 50.
€ 56) MAXIMUM HEAT FLUX (W/CM®x2) 183. 168. 173. 111.5  S&.3 237, 168. 115,
¢ 57) MINIMUM LBNBR 1.3 1.4 1.3 1.9 - - - ¥
{ 58) INLET TEMPERATURE (DEG-C> 300. 300. 296, 268, 337, 380, 332. 249,
¢ 59) OUTLET TEMPERATURE (DEG-C) 332. 333. 328. 286 . 755, 552. 547, 293.
¢ 813 MAX. FUEL TEMPERATUE (BEG-C) 1788, 2021. 1882. 1829. 1410. 2000. 220G. 1500.
_______________________________________________________________ %
(597) NOTES 38 : SGUARE BUNDLES
TN-SB ¢ CANNED SQUARE BUNDLES.
HGP : HEXAGONAL GRAPHITE PRISMS.
HCB : HEXAGUNAL CANNED BUNDLES.
PTB : PRESSURE TUBE BUNDLES,
TR ¢ CLAD ROD
GRF-UC : GRAPHITE UC, THO? ROD.
W.-W. : WIRE-WRAP CLAD ROD.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N
CANDU-PHW : SEE REMARKS OF FON-100005.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, «

(999) REFERENCES ?, P.E34-635,



<% 100082 =»>

{4
LS B
<7

(135
{140
« 15)

C10)
(18

¢ 41)
« 37)
39

T

—~

(D)

-

903
92>
91}

~ -~

~

91>
94

-~

¢ 962
{9m

86>
847
4%
87
a88)
§5)
3

N N e e

20
¢ 83

25
¢ 263

(100
C &5)
C 67

997)

{998}

(349

XExX

TYPICAL
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JAERTI-M 86-101

NUCLEAR POWER REACTOR DATA (2)

FULL-POWER-DAYS/CYLLE {DAYS)
CORE EGIVALENT DIAMETVER (M)
CORE HEIGHT (M)
AVERAGE POWER DENSITY (KW/L3

FUEL INVENTORY
AVE.

MODERATOR/FUEL
AVE. FUEL ENRICH.
EQILEBRIUM CORE

(TON-HEAVY METAL)
SPECIFIC HEAT RATECKW/KG-HM)

YOLUWE RATIC
OR PU-CONTENT

%)

COOLARY TEMPERATURE (DEG-C)

AT INLET
AT OUTLET

FUEL ASSEMBLY
COKFIGURATION

TOTAL HUMBER OF FUEL ASSEMELY

CONSISTED OF

NO. DF FUEL ROD
NO. OF ABSORBER
NO. OF STRUCTURE PIN

ROD-TO-ROG SPACING

FUEL RGD
FUEL MATERIAL
CLADDING MATERIAL

CLADDING DIAMETER (MM)
CLADDING THICKNESS (HMH)
ROD-TQ-ROD FITCH (OH)
AVERAGE LHMGR (W/CH)
AVERAGE HEAT FLUX {W/CM*x2)

CONTROL ELEMENT
CONSISTED OF

MATERLAL
REACTIVITY WORTH OF BORON

(PPMSX-DELTA-K/K)

REAETIVLITY VARIATION/ CYCLE (X))

CONVERSLION RATIO
AVERAGE BURN UP (HWD/MT(HIM)
EQTL1BRIUM CORE

NOTES

REMARK S

REFERENCES

FUEL PERFORMANCE DAYTA =xx DATE = 85-05 *xPAGExx (D~ 3)
*x 100007 w*
HCPWR PuR PUR ATR FaR
KWu 1616 17X17  EXP. EXP. )
TRIANGLE Kwi STD.
C (A (2)Ee e (3) ks (4] -E- - (5)-w---(B) Ao --(7)-%---(B)-¥
HCPWR PWR PWRCH) ATR  °FER
KWl -KWY
3782 3782 3423 1930 2600
157 157 157 - -%
59400 67680 60100 - -x
290 300
3.70 3.643  3.37 6.95 .3
2.33 3.90 3.66 3.7 1.0
151 93 104.5 13.7  300.
121.5 103.5 - - -x
31.0 36.4 s, 20. 90.
0.53 2.0 2.0 - 0.9
7.5 3.2 3.2 2.7 15.0
286 291
32 326
HEX. 16516 17017 - -
51t OR 193
235
199 OR 236
439
12 OR 20
24
b 0
HN GR GR - HE
HOX uo-2 uo- 2 MOX MOX
TH IRY-4  ZIRY-4  ZRY STH
9.5 10.75 §.3 14.5 7.6
6.40 0.72
1.05 1.43 1.28 - .91
175 206 180 220 210
155(2)
52 63
_______________________________________________________________ «
61X7X9 OR 6120
66X3X21
B-4-C AG-1N-
B
3250 100
2 16
............................................................... x
0.85 0.55 0.57 0.64 1.20%
43000 33000 33000 27000 75000
45000¢2)
_______________________________________________________________ x
* INCLUDE COWVERSION IN BLANKETS.
_______________________________________________________________ x
KEX.: HEXAGONAL.
GR : GRID
BN : MELICAL FIN.
HF & NELICAL FERULE.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,
DATA OF COLUMN €1) AND (3):
S. MATSUURA, 4. AESJ, 26(63 (1984). (P.470)
DATA OF COLUMN €43-(8): HC-1-5. (P.3)
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(

1403
11)
12)
13
14)
&
352
157
162
17
187
19
20)
21)
22)
23}
245
25)
26}
27}
28)
29}
30
3
i
EEP]

407
i1y
42
432
432
463
47}
48)
49)
302
51)
52)
53)
54)
55)
56)
57)
58)
59)
64Q)

61)
62)
63)
64)

70}
1)

(101
(142)
(143)
(104)

(

3)

(201}
202)

(

P N e e e e

75)
76}
77
¥8)
N
80
81y
82)
83
8§47

D-4

LE X

FUEL

DATA OF PWR

THERMOHYDRAILIC DATA
CORE THERMAL GUTPUT (HWC(T))
PLANT NET ELECTRICAL POWERCHW(E))
NET

PRIMARY CIRCUIT WATER (MW (E))
PRIMARY CIRCUIT

TOTAL MASS FLOW (KG/S)
WATER TEMPERATURE (DEG-C»

AT CORE IRLET
AT CORE QUTLET

WATER PRESS. AT CORE QUTLET (BAR)
SECONDARY CIRCULTY

SATURATED VAPOR PRESSURE (BAR)
AVE. NOMINAL ROD LHGR (WiCH)
AVE. VOLUMETRIC POWER DENS.(W/CL)
HOT CHANNEL FACTOR

POWER, F-a

WATER ENTHALPY RISE, F-DELTA H

MAX. PLANT OVERLOAD FACTYOR,F-OP

DNBR, RATIO BETWEEN CHF AND MAX,
HOT CHANNEL HEAT FLUX.
FOR F-0P=1.12

AVE. WATER VELOCITY [N CORE (M/S)
CORE PRESSURE DROP tHar?
TOTAL PRESS. DROP IN
WATER PRIMARY CIRCULT CHAR?

GECMETRIEAL DATA

EQUIVALENT CORE DIAMETER .
ACTIVE CORE WMEIGHT (M3
NUMBER OFf FUEL ELEMENT IN CORE

DISTANCE BETWEER THE FLATS QOF
FUEL ELEMENT
NUMBER OF CONTROL
PER FUEL ELEMENT
NUMBER OF STRUCTURE RODS
PER FUEL ELEMENT
NUHMEBER OF FUEL RODS

(HM)
ROD GUIDE TUBES

PER FUEL ELEMENT
TOTAL MNUMBER OF FUEL RODS
CLARDING MATERIAL
9
FUEL ROD QUTER DIAMETER (MM)
CLADDING THICKHESS (MM
FUEL ROD PITCH (HM)

P/D RATID
SPACER TYPE

AXIAL DISTANCE OF SPACER GRID OR
AXIAL PITCH OF SPIRAL RLIBS (MM)

WATER-TO-FUEL VOLUME RATID “*E

WATER-TO-FUEL ROD YOLUME RATIO-xE

NUETRON PHYSICS DATA
PLUTONIUM VECTOR
239-PU
240-FU
241-PU
242-PU
URANLUH
235-4
238-u
HUMBER OF RADIAL REGIONS WITH
DIFFERENT FUEL COMPOSITIODN

(Wi

VECTOR (Wi0)

FISSILE IN EACH RADIAL REGIGN (X)
REGION 1
REGION 2
REGION 3
AVERAGE FISSILE IN THE CORE %)
FISSILE INVENTORY CTON-HMY x%
(239-PU, 240-PU, 247-PU, 235-PL>
TOTAL FUEL INVENTORY CTON- HH) *%

PERFORMANCE DATA

JAERI-M 86-101

LEES

DATE =

AND HCPWR (APWR)

86-45

**PAGE®Rx ([~

xx

4}

100003 =*x

ST (1) () e (3) k(4 ke (5) X - (B3 oo - (1) %o (B) - %

R HCPWR  ------- x
REFER- *HOMOGE-*RETEROGENEOUS *
ENCE  HEDUS
PWR  * APWR x--- APWR ----«
x  SEED/BLANKET®
3res. 3730, 3705.
1300.  1285.  127S.
21.0 23,0 23.6
18800. 18190, 17410,
251.1  290.3  2B9.6
326.2  326.2  324.2
158.3  158.3  158.3
64.5 63.9  63.3
208. 180. 195. 7 159.
94.6%A 143,%4 245.%0/ 124.%8
2.1 2.1 2.1
1.8 1.8 1.6
1.12 1.12 1.12
1.77%C 1,310 1,46/ 1.47=D
447 5.8¢  6.46/ 5.69
.25 2.28 .22
6.54 7.11 .64
------- R T R
3.605  3.86 3.85
1.90 2.206 2,183
193. 301. 151, /348,
229.6%F 211.8  164.
20. 12. 12. 1 0
20. 5. 0. 4 0.
238, 313. 259, /169,
45550 94210 97920
IRY-4  §S 38
1.4981 1.4981
10.75 3.5 7.4 11.09
0.725 0.4 0.37 1 0.44
14.3 %G 11.4 9.59% / 12.16
1.33%6  1.20 1.30 4 1.10
GRID  SPIRAL GRID  /SPIRAL
RIB ! RIB
535 190. 150. /243,
1.67 0.701  1.05 / 0.372
1.25 0.588  0.850/ 0.32%
7777777 R e I
--- 57.8, 57.8,
- 26.6,  26.6,
- 9.5, 9.5,
- 6.1, 6.1,
3.2 0.2, 0.2,
6.8 §9.8 9.8
--- 3 3 i3
1.9 5.80 13.8 [ 4.2
2.5 715 14,4 4 4.4
3.2 8.25 16.2 [/ 5.0
2.49 7.40  14.8 /4.5
2.57 8.02  &.41
103.5 111 121.
—99 —



JAERI-M 86-101

x#*x  FUEL PERFORMANCE DATA  *xxx DATE = 86-05 ®*PAGExx (D- 57
( 85 CONVERSION RATID 0,55 0.90%H 0.9%6%H
¢ 86) DELTA-K/FPD -3.E+47 -1.28E-4
-0.95E-4

¢ &87) NUMBER 0OF FUEL ELEMENT CYCLES 3 3 3 I 6
( 88) FUEL CYCLE DURATION BY
( 89 FIRST CORE (FPD) 360, 300, 320,
{ 90) AVERAGE DISCHARGE BURNUP (MWB/T 33000. 31000. 41000,

-35000.
{ 91 AXIAL POWER FALCTOR 1.3 1.48 1.54
. TO 1.2
C 92) RADIAL POWER FACTOR 1.5 1.20 1.420

T0O 1.3
{ 933 DOPPLER COEFFICIENT (BOC, 900K» -2.1E-5 -3.9E-5 -3.0E-5
{ 953 TOTAL VOID REACTIVITY COEFFICIiENT
C 967 AT BOC T -1.03%E-2

-1.34E-72

¢ 97) WATER DENSLTY REACTIVITY
¢ 98 COEFFICIENT DELTA-X/DELTA-ROU
¢ 29 AT NOMINAL OPERATING CONDITION,
(1007 EQC (CL/GRY 10E-2  TE-2 3E-2

e e e e e e e aae o s . oo x
(397> NOTES *4 1 VALUE REFERRED TO TOTAL CORE VOLUME.

*B : VALUE REFERRED TO FUEL ROD UNIT CELL.

*C ¢+ CRITICAL HEAT FLUX CALCULATED WITH REF. (473,

*0 1 CRITICAL HEAT FLUX CALCULATED WITH REF. (27).

*E ¢ REFERRED TO FUEL ROD UNIT CELL.
*F 1 SQUARE CROSS SECTION.
*G 1 SQUARE ARRAY.

*H ¢« AT THE END OF THE FIRST FUEL ELEMENT CYCLE (EOC).

*x 1 TONS OFf HEAVY METAL.

__________________________________________________________________ ™
(998) REMARKS EOC 1 END OF CYCLE.

BnC : BEGINNING OF CYCLE.
FPD @ FULL POWER DAYS.
HM : HEAvY METAL.

(999) REFERENCES C. H. WM. BROEDERS, M. D. DONNE
NUCL, TECH, 71¢0LT. 1885), PP,.82-95.

(47 R.W. BOWRING, WSC-2, A SUBCHANMNEL DRYOUT CORRELATION FOR
WATER-COOLD CLUSTERS OVER THE PRESSURE RANGE 3.4-1.9 MPA,
AEEW-RO8Z, UNITED KINGDOM ATOMLIC ENERGY AUTHORITY (1879).

27y M. DALLE DINNE, W. HAME, CRITICAL HEAT FLUX CORRELATION FOR
TRIANGULAR ARRAY RCGD BUNDLES WITH TIGHT LATTICES, INCLUDING
THE SPIRAL SPACER EFFECT, NUCL. TECHNOL. 71, 111 (1985).

<* 100004 x> MAIN CORE CHARACTERISTICS - AVERAGE POWER DENSITY - ¥¥% 100004 *x

S K k(B K- (A) k- (5D ke (B) X (TXoX- - (B)-%

( 11> REACTOR TYPE GCR AGR, HWR LWR-BWR LWR-PUR
LWGR
€ 12> AVERAGE POWER DENSITY (KW/L) 0.5-2. 1.5-5. 5.-12. 30.-50. 70.-100.
_______________________________________________________________ ,
(998) REMARKS GCR ¢ GAS COCLED REACTOR, NATURAL U-GRAPHITE,
AGR : ADVANCED GAS COOLED REACTOR, ENRICHED G-GRAPHITE.
HWR : HEAVY WATER REACTOR,
(999) REFERENLES S.HIRAYAMA, J. AESJ., 21(4),P.318, (197d).
_______________________________________________________________ x
—23— D-5




JAERI-M 86-101

*x¥  FUEL PERFORMANCE DATA  xxx DATE = 88-05 *xPAGEx* (D~ &)

<¥ 1000035 => SPECIFICATION OF CANDU STANDARD DESIGH *¥ 100005 *xx

Sy oEe () w3 k- (A) %o - () K- (B) - == () -m---(B)-x%

€ 10)  PLANT THERMAL QUTPUT, (MW (T)) 2180.

€ 11)  PLANT ELECTRIC QUTPUT, (HWCED

€1 GRESS 585

€13 NET 638

¢ 143 THERWAL EFFICLENCY, €3

€1 GROSS 31.4

€133 NET 29.3
_______________________________________________________________ .

¢ 205 REACTOR

€213 TYPE HOR[ZONTAL PRESSURE TUBE TYPE.

€22 MODERATOR HEAVY WATER

¢ 233 CODLANT PRESSURIZED WEAVY WATER

€242 FUEL NATURAL URANLUM

€ 253 CALANDORIA FANK SIZE,

¢ 260 CLAMETER, (M 7.60

¢ 30 LENGTH, (M) 5.94

¢ EFFECTIVE LORE S1IE,

¢ 28) DIAMETER, M) 6.29°

€32 LENGTH, (M) 5.94

€ 30) PRESSURE TUBE

¢ 30 MATERLAL IR-2.5%NB

¢ 32) LENGTH, ) 6.3

¢339 INNER BIAMETER, (CM} 0.3

¢ 34 THICKNESS, (KM 4.13

¢ 35) CALANDDRIA

¢ 30 MATERIAL IRY-2

¢ 323 LENGTH, (M) 5.99

€ 3In INNER DIAMETER, My 12.9

€ 343 THICKNESS, (M) 1.4
_______ o m e e eiellllll._..4

¢ 40)  FUEL

€ 413 ND. OF FUEL CHANNEL 3a80.

¢4 WELGHT OF LOADING FUEL, {F-U0Z)  $5.

€41 NO. OF FUEL ASSEMBLY 4560

TY LENGTH OF FUEL ASSEMOLY,  (CM)  49.5

¢ 45) NO. OF ROD PER ASSEMBLY 37

¢ 4b) FUEL ROD OUTER DIA., iy 1301

€ 4T CLABDING

¢ 3D MATERIAL IRY-4

¢34 THICKNESS, (MM 0.4

¢ 48) FUEL PELLET

€ am DIAMETER, (HMy 1.2

¢ 500 DENSITY, (GRICCY  10.6

€ 51) AVERAGE BURHUP, (HWD/TY 7500.

€52 MAXIMUM LHGR, (KW/HY  S4.1

(53 HAX, FUEL TEMPERATURE, (DEG-C> 1900,

¢ 54) MAX. CLADDLNG TEMP., (DEG-C)  326.

€ 55) MAX. CHANNEL OUTPGT, CHu 6.5

{ 56) SPECIFLIC POWER, (WIGR-UO2Y  25.4

€ 57 MAX. CLADDING SURFACE WEAT

(58 FLux, CW/CHxx) 128,85

( 60) PRIMARY COOLANT SYSTEM

617 PRESSURE, (KG/CH*x#72-A2

( 62) CORE LKLET 112.7
 83) CORE OQUTLET 105.0
¢ a4) TEMPERATURE, (BEG-C)

( 62} CORE INLET 267.
€ a3) CORE DUTLET 312,
( 63} FLOW RATE, (KG/SY 7660,
C 66) INVENTORY (TOND)  198.1
¢ 67> EX18T STEAM QUALITY, [&:9] 3.0
( 682 NO. OF PRIMARY PUMP 4
{69 STEAM GENERATOR

70 NUMBER 4
D TUBE MATERLAL INCOLOY-800

80) SECONDARY COQLANT SYSTEM

{

C 81} STEAM PRESSURE, (KG/CMxx2-8)

82 AT §.6 QUTLET 47.9
{ 83} STEAM TEMPERATURE, (DEG-D)

8 AT S.6 OUTLET 260,
{ 84> STEAM FLOW RATE, (KG/S) 1033.

~

90 MODERATOR SYSTEM
912 MAXIMUM TEMFERATURE, (DEG-C) 1.
§2) INVENTORY, (TON}  263.3

—~—

D-6 —24—



JAERI-M 86-101

*%xx  FUEL PERFORMANCE DATA  xxx DATE = 86-05 **kPAGE*x (D- 7D
__________________________________________________________________ %
€100y REACTOR CONTAINER
(1013 TYPE PRE-STRESSED CONCREATE
(102> INNER DIAMETER, M) 41,4
€103 WALL THICKNESS, M) 1.066
€104) HELGHT, (M) 51,2
(103) DESIGN PRESSURE,  (KG/CH#x2-3) 2.26
......... e llllx
€398) REMARKS CANDU : CANCADA) DCEUTERIUM) AND U(RANIUMY.

CANDU-PHW : CANDU PRESSURIZED HFEAVY WATER.

CANBU-OLR ¢ CANDU ORGANIC COOLED REALTOR.

ZEEP 1 ZERD ENERGY EXPERIMENTAL PILE, CRITICAL ON SEP, 1045,
AECL : ATOMIC ENERSY OF CANADA LTD.

(999} REFERENCES MASUHIKO OTSUKA, SHIGEG MITA, 'CANDU SYSTEM-CIN JAP.):,
JOAESH ., 23063 (1981, PP.399-407. (P.404).

________________________________ e e e e e m e e e mm e mm— e — -y



<x 110001 *>

[ S ]
QP
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41
51
6
1)

~ o~~~

< 13
< 14)
{ 15)

332
54)
55)
56)
51)

o

573
54)
55)
56)

—~

( &5}
[Q-1-]
( 67)

€ 41)
37
382

-

45)
353
{ 38)

~

¢ T1)
T
{ 763

C 812
( 82)

913
323
93>
98)
am)
98)
{99
(1o
(102>
(103
(104)

R s e

D8

PLANT NAME

OWNER

REACTOR TYPE

THERMAL  QUTPUT
GROSS ELECTRIC OUTPUT
REACTOR 8YSTEM PRESS.

CORE EQIVALENT DIAMETER

CORE HEIGHT
AVERAGE POWER DENSITY

EER

(MW)

(HMW)
(KG/LM2-G)
PRIMARY CCOOLANT FLOW RATE (T/HR

(M)

(M)
(RW/LD

AVE., SPECIFIC HEAT RATE(KW/KG-UO2)

MAX. HEAT FLUX (KCAL/BR-Mx=x2)

AT RATED POWER
AT 112 X POWER
AT 125 X POWER

AVERAGE HEAT FLUX (KCAL/HR-Mxx2)

MINIMUM CHFR (DR DNBR2
AT RATED POWER
AT 112 % POWER
AT 12% & POWER

HOT CHANNEL (OR PEAKING)

THERMAL N. FLUX (AVE)

AVERAGE BURN UP (MWD/MI({HYM)

INLTIAL CORE
EQILIBRIUM CORE

MODERATOR/FUEL VOLUME RATIO

FACTOR

(N/CMx%x2-52

AVERAGE FUEL ENRICHMENT

INITIAL CORE

EQILIBRIUM LCORE

CONTROL ROD (CLUSTER)

CORE INLET SUBEDOLING
KCAL/KRE

(%)

(&9

PLTCH (MM}
REACTIVITY WORTH TO BEC CONTROLED
COLO CLEAN, % DELTA-K/K

CORE EXIT STEAM QUALITY (

PELLET
DIAMETER (MM)
HEIGHT (MM

)

TOTAL NUMBER OF FUEL ASSEMBLY

CONFIGURATION

NO. OF FUEL ROD PER ASSEMBLY

PELLET MAX. TEMP. (DEG-C)

AT RATED POVER

AT 112 X POWER

AT 125 % POWER
CLADDING SURFACE MAX.

AT RATED POWER

AT 112 ¥ POWER

AT 125 % POWER

TEME,

(DEG-C

JAERI-M 86-101

FUEL PERFORMANCE DATA =xx DATE = 86-03 *xPAGEx* (0- 8)

GENERAL OESCRIPTION OF REACTOR CHARACTERLSTICS (1) xx 110001 ==

R G R G R S P AL SRR PR LN PR SRR A DR LR €D T

JPDR JPDR-II TSURUGA FUKU- SHIMANE MILSTONE BROWNS MIHAMA-1

SHIMA -1 POENT FERRY-1
18T7.-1
JAERI JAERL JAFLO TEPCO CHUGOKLU KANGAL
-EPCO -EPCO
BWR BWR GWRs2 BWR/3 BWRI3 BUWR BWR4 PWR {42

KXk FEXXR GENERAL #rr Mk A XX RO R R XX R AR RN K AR KF X RN TE

45 50 1064 1380 1380 1727 3293 1031
12.5 12.5 357 461 461.6 650 1098 340
61.5 61.9 70.3 F0.7 0.7 0.3 70.3 157-

1860 3260 17700 21800 22400 31300 45200 23500

wxxxkkxkx  CORE CHARACTERISTIC PARAMETERS  Fxx¥kirkaaxkkdkaxs XX KX

1.27 1.27 3.018 3.439 .44 4.498 4.752 2.47
1.47 1.47 3.638 3.658 3.66 3.658 3.658 3.048
22.5 46.3 40.6 40.6 40.6 35.03 50.8 71
6.3 18.8 15.5 15.5 17.5 13.3 2¢.0 25.8
823000 1053000 1085000 1056000 905000 1153600
1416000
1349000

226100 381000 351000 352000 352000 302000 442447 388000

>1.90 »1.90 >1.90 >1.90 »1.83
>1.30
>1.50 >1.,50 7
4.55 3.54 3.00 3.00 2.04 3.60 2,60 3.25
AT 100x

1.42E13 3.8 E13 3.5YE13 3.5 E13 3.5 E13

8000 - 16500 16500 16500 16500 22000 21800
- - 25000 22000 22000 22000 27500 27000

2.7 2.68 2.38 2.38 2.38 2.38 2.41 3.3z 2

2.6 2.6 2.04 2.09 2.09 2.07 1.18 2.386 £
1.64 2.51 H
2.58 2.81 1}

2.50 2.31 2.31
273.2 273.2 303 304.8 304.8 304.8
13.0 29.2 24 24 25 28
3.06 7.3 1.7 12.9 13.1 11.7 14.2
4.7 4.4 11.6 11.5 9.97 - -

wxaxxktx  FUEL PARAMETERS FEXKFAXXRAXRTAXIIXXLFXRKEREXXKRE KKK R

12.5 10.71 12.4 12.4 12.4 12.4 12.4 10.7
25.4 15. 18.6 18.6 22.23
TG 24.8 TO 24.8 +-1.275

6X6 17 TXT XT TXT TXT TXT 14X 14
36 49 49 49 49 49 49 179
1610 2350 2390 2347 1930 24720
2230
2250
295 295 295 292
348
330

KRERKRXEHE REACTIVITY CONTROL KERAKARENEE XKL R LK R R RXRR AR IR Kk K

— 26—



JAERI-M 86-101

®#x  FUEL PERFORMANCE DATA %% DATE = 86-05 kxPAGE*% (D- N
(1062 LONTROL ROD WORTH (X% DELTA-K/K) 20 21.9 18 18 18 18 17 4.5
(107 POISSON CURTAIN (% DELTA-K/K) 11 7.3 10 11 11 12 12
(108) WORTH OF CHEMICAL-SHIM (X% DK/K) 24.5

AR E KKK REACTOR  VESSEL EREREKE KRR KRR KR LKL EERERERE B RN

(113) REACTOR  PRESSURE VESSEL
1113 INNER DIAMETER (M) 2.083 2.083 4.34 4.78 4,78 5.68 - 3.33
112) TOTAL INNER HEIGHY M) B.179 8.179 10,86 18.85 18.848 19.71 - 10,95

rxxakxkr  PRIMARY COOLANT SYSTEM  ®Acks® sk s okokk %k kK K8 KRR ok KK
(121) NUMBER OF LUOP - 2 3 2 2 2 ? 2

NAT.

CIRCL.

(122) RECIRCULATIUN PUMP

(123 FLOW RATE (M*X3/HR) Tio0. 7250, T430. 10200. 15900.
(131 (TON/HR> 163,
(124 BRAKE HOURSE POWER (BHP? 841. 2500. 3a00. 4000.
(125) (KW> 250,
(1263 PIPING OF LOGPS
azn MATERIAL 55 55 583047 S8 55 55
558316
(1283 DIAMETER (CM)
{129 SUCTION S1DE 40.64 66 . 61.0 61.0 1.1 5.
(1307 DELIVERY SIDE 31.85 6. 61.0 61.0 71.1 70.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(9%9) REFERENCES KAZUD KISHIMOTO (CHUGDKU DENRYOKU), PRIVATE COMMUNICATIN,
(18722,



<* 110002 x>

43
52
6)
T2

e

-

13}
143
152

—~ -

¥ #

GENERAL

PLANT NAME

GWNER

REACTOR TYPE

THERMAL OUTPUT
GROSS ELECTRIC QUTPUT (MW

REACTOR SYSTEM PRESS. (KG/CHM2-B)
PRIMARY COOLANT FLOW RATE (T/HR)

(M)

CORE EWIVALENT DIAMETER
CORE NEIGHT
AVERAGE POWER DENSITY

M3
(M3
(KW/iL)

FUEL PERFURMANCE DATA

UDESCRIPTION OF REACTOR

JAERI-M 86-101

#¥PAGE=x (D- 10)

=% 110002 =*x

PWR BFYR PWR
T1x11 14X14 1717
MUTSU 5TD. STo.

Tt Ee (R A (3 %o {@) o (S) Koo (B)- - (T3 K- (B)-%

K DATE = 86-05
CHARACTERISTICS (2)

BWR BWR BWR BWR
6X6 TxT fa7 8x8
JPDR JPDR-11 IWITIAL WR{1)
JPDR JPOR-II TSURUGA FUKG- TOKAL-

SHIMA

1687.-1
JAERIL JAERIL JAPCO TEPCD JAPCO
xxkxxkxk  GENERAL

BWR BWR BWRY2 BWR/3
45 90 1064 1386
12.5 12.5 357 461
51.5 61.5 70.3 0.7

1860 3260 17700 21800

KEXEEK KK

HAIN CORE PARAMETERS

QWR/S5

3293
1100

70.
48300

2 MUTSY MIHAMA OHI-1
-1

JAER] KANSAT KANSAI

-EPLO -EPCO

LR EE LSS S EE S EL E RS R IR E ST TR

PWRC(2) PWR(4) PWRINEW?
36 1031 3423
- 349 1175
7 110 157 157
1800 23500 60100

HOECE R KKK K KK 3OR IOK R KKK KK CKOR R KKK KR K

AVE.

{ 452 COHTROL

ROD

(CLUSTER)

SPECIFIC HEAT RATE(KW/KG-u0?Z)

PITCH (MM

—~

35)
36)

~

€ 41)

€38

¢ 40)
38
39

21
222
253
23)
243

e e

203
51)
53)
523
54)

—~ -

55)
56)
&4)
CED]
57)
58)
60)
59)
61)
62)
63)

R e e

D-10

REACTIVITY WORTH TO BE CONTROLED
COLD CLEAN, % DELTA-K/K

MODERATOR/FURL VOLUME RATIO
AVERAGE FUEL ENRICHMENT
INIT1AL CORE

(%)

EQILIBRIUM CORE

AVERAGE BURNUP
INITIAL CGRE
EQIL1BRIUM CORE

THERMAL M. FLUX

CAVEY (N/CM**2-8)

CONTRGL ROD
TYPE
LATYICE
WORTH

FUEL ASSEMBLY DATA
TYPE
FUEL ROD ARRAY
NUMBER OF ASSEMBLY
NO. OF FUEL ROD PER ASSEMBLY

FUEL ROD DATA
TYPE
CLADDING
MATERIAL
OUTER DIAMETER
LENGTH
TOTAL ASSEMBLY LENGTH
FUEL ROD
FUEL PELLET
QUTER DIAKETER
HEIGHT

(HWD/MIM)

(DELTA-K/K)
POISSON AND CHEMICAL SHIM (DT-K/K)

(HM)
(MM)

(HM)
(MM)

———————— CORE SIZE, AVERAGE POWER DENSLITY -------ecoooae--ooox
1.27 1.27  3.018  3.439 4,75 t.145 2,47 3.37
1.467 1,487  3.658  3.658  3.66 1,040 3.048  3.66
22.5 46.5 40.6 40.6 51,2 33.5 71 104.5
9.3 18.8 5.5 15.5 25.8 39.3
———————— EXCESS REACTIVITY, CCR OR RCC PLTCH -----------oone-
273.2 273.2 305 304.8  304.8 (252)
13.0 29.2 24 24 25 19.9
-------- ENRICHMENT, VOLUNE RATID <--=-=c-ommomomoooco oo
2.7 z.68  2.38  2.38 2.3 3.32 7 3.59 2
2.6 2.6 2.04 2.0 2.2 3.2e 0 2.5 C 21
3.08 2.5 H
4.4 0 340 3.10
2.34 2.31 2.
B800. 12000. 16500. 16500. 21000.  $500. 21800. 24100
25000. 22000, 27500. 27000. 33000

1.42E13 3.8 E13 3.57E13 3.5 E13 4.3 €13

K KKK KR

REACTLVITY CONTROL

cCR CER CCR CCR
il ) D b
20. 21.9 i8. 18.
11. 7.3 10. 10.
sexxxkax  FUEL ASSEMBLY ANO ROD
SB-CH SB-CN SB-CN SB-CN
X8 I3 %4 X7 7T
72 72 308 4030
36 49 49 49
UN-P u-p UN-P UN-p
IRY-2 IRY-2 ZRY -2 2RY-2
14.14 12.23 14.49 14.49
1954 1854 4350
12,5 10.66 12.4 12.4
25.4 <15, 18.8 18.6

[0 24.8 Y0 24,8
THERMAL HYDRAULICS

KKK K LKA K

A,2844

CCR

AEKKER L EXRLRER T X KELIRN KR L RN NS ERRN K

CCR RCC RCC
K

22.9 4. 6.
4.7 24, 15.

O K R KK R R KO K K R OK O KK R K KKK K

SB-CN
8x8

764
63

IRY-2
12.5

4466

10.6
11.

SB-CN CL-SEB CL-SB
11x11 14X14 17x17
32 121 193
112 179 264
uk-p WN-P PRE-P
58 ZRY -4 ZRY-4
16,53 10.72 10.72
1123 3214 3852
9.6 9.3 8.2
16. 15.24 13.

AFFFARAALEX KT ERX XK FAR KT P AR NN LR XK E



T
1)
T2
73
73
743
(3]

e e e ala

T3
T3
76)
7D
81)
75)
&R
78)
79)

T T T N e

¢ B2)

852
753
76
T
7a)
86>
750
76
Ty

N N e T T e T e N e T

90>
ERD
857
35
97y

~ s~~~

C 98

(11,
(1113
112)
(113>

(115}

(997)

(298)

REACTOR

THERMAL HYDRAULIC DAarAa

LHGR
AVERAGE
MAXTIMUM
AT RATED POWER
HEAT FLUX 154
AVERAGE

MAX IMUM

AT RATED POWER
8T 112 % POWER
AT 125 % POWER

MINIM{M CHFR OR DNB
AT RATED POWER
AT 125 % POWER
AT 130 % POWER
UNDER ABNORHAL

xxx  FUEL PERFORMANCE DATA *xx

(WiCM)

CAL/HR-M®xx7)

R

TRANSIENT

HOT CHANNEL (0OR PEAKING) FACTOR

MAXIMUM FUEL PELLET T
AT RATED POWER
AT 117 % POWER
AT 125 % POWER
AT 130 % POWER
MAXTIMUM CLAD.SURFALE
AT RATED POWER
AT 112 % POWER
AT 125 % POWER

CORE INLET SUBCOGLING
ENTHALPY

CORE EXIT STLAM GQUALT

COOLANT TEMPERATURE
AT CORE INLETY

AT CORE QUTLET

PRESSURE VESS
INNER DIAMETER
TOTAL INNER HEIGHT
TOTAL QUTER HEIGHT

NUMBER OF LOOP

NOTES

REMARKS

EMP. (DEG-)

TEMP (DEG-C)

(KCAL/KG)
TY (W/0)
(DEG-C2

EL
(CH2y
(CM)
(LM

JAERI-M 86-101

DATE = 86-05 #*xPAGExx (D- 113

120. 170. 86.58 154, 173,
570. 574. 440. 361. 499, 414,
226100 381000 351000 352000 387000 250000 388000 589000
823000 1053000 1085000 960000 930000 1416000
1762000
1343000
>1.9 >1.8 >1.9 1.83
1.50
>1.3
1.30 1.3
4.55 3.54 3.00 3.00 2.61 3.72 3.25
________________________________________________________________ *
1610 1970 2350 23490 2200. 1800. 2185, 2350,
2390. 2480,
1899
2100.
298. 295. 295, 321.8 344.
348. 347.
310
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, X
3.06
4.7 4.4 6 13 *
272, 271. 277, 271, 294,72 289.
TG 256.4
277, 27T 285.4 285.4 286, 280.3 322. 325,
TO 344.8

HEXKEAAEKEN KKK K IR KR KKK E RN E R KRN R R AN B R R KKAER KR AR KRR KRR R K

208.3 208.3 434, 478, 837.5 180. 333.9 440,
818. 8418. 560.

1806, 1885. 2300. 1092, 1300.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
NAT. 2 3 2 2 2 2 4
CIRCL
_________________________________________________________________ %
CLR : CRUCIFORM CONTROL ROD.

RCC ¢ ROD CLUSTER CONTROL.
D r SQUARE ARRAY.
K i TRIANGLE ARRAY.
SB-CN : SGUARE BOUNDLE CANMNED WITH FLOW CHANNEL (CHANKEL 80X).
CL-5B : CANLESS SQUARE BOUNDLE.
UN-P ¢ UNPRESSURLZED FUEL ROD.
PRE-P : PREPRESSURIZED FUEL ROD.
LHGR ¢ LINER HEAT-GENERATEN RATE.

ON THE NEW (LN 1966) BASIS FOR CORE SIZING, THE ALLOWABLE HEAT
FLUY VALUE-FOR A GIVEN QUALITY AND MASS FLOW RATE-IS AT LEAST
1.9 TIMES GREATER THAN THE ACTUAL HEAT FLUX AT RATED POWER,
UNDER THE STIPULATED CONDITIONS. THE MINIMUM CRITICAL-HEAT-FLUX
RATID (AS THIS VALUE IS5 CALLEDY IS8 ALSO CALCULATED FOR OFF-
STANDARD CONDITIONS 0OF TRANSIENT AND ABNORMAL DPERATION TO
DEMONSTRATE THE AREQUACY OF THE STEADY-STATE MARGIN (1.9) FOR
TRANSIENT CONDITILIONS.

THE PREVIOUS BASIS FOR CORE SIZING, IT SHOULD 8E NOTED, WAS
MCHFR=1.3 AT 120% OF POWER.
G.M. ROY, SEE FDN-110201. -

D-1



<% 110003 =*>

27
4)
5}
6)

=

a8’

P e T

C 14)
€15

¢ 16)
19

¢ 203
2D
22

507
513
57
53)
58)

e s

59)
543
55}
58)
3
53)
58)
60)
557
58)

RN T T T S e N

70
71
T2
733
T4

~ e e .

80)
80
87)
23)

—~ e e

O 847

{ 857
t 867

C 9o
{ 91)

{927

(999)

L

PLANT NAME

REACTOR TYPE

THERMAL OUTPUT My
GROSS ELECTRIC QUTPUT (Ml
REACTOR SYSTEM PRESS. (XG/CMZ-G)

PRIMARY COOLANT FLOW RATE (T/HR)

FULL POWER MONTH (MONTH?
CORE HEIGHT (M)
AVERAGE POWER DENSITY KW/
FUEL INVENTORY {TOH-FUEL)
HEAT GENERATION IN FUEL ROD <%
COOLANT TEMPERATURE (DEG-C)

AT INLET OF P.
AT GUTLET 0OF P.

VESSEL
VESSEL

EFFECTIVE HEAT TRANSFER AREA (Mxx2)
AVERAGE HEAT FLUX (KEAL/HR-Mxx2)
MINIMUM CHFR (OR DNBR)

AT 112 % POWER

UNDER ABNORMAL TRANSIENT

PELLET HMAX. TEMP,
AT RATED POWER
AT 112 X POWER
UNDER ABNORMAL TRANSIENT
MAX. LHGR (KW /M)
AT 112 % POWER
UNDER ABNORMAL TRANSLENT
CLADDING SURFACE MAX. TEMP.{DEG-C)
AT 112 % POWER
UNDER ADBNORMAL TRANSIENT

(DEG-LC2

FUEL ASSEMBLY
TYPE
CONFIGURATION
TOTAL NUMBER OF FULL AS3SEMBLY

FUEL BUNODLE PITCH (CM)
FUEL ROD

NO. OF FUEL RODS PER ASSEMELY

NCG. OF WATER RODS

CLADDING MATERIAL

CLADDING OUTER DIAMETER (MM)

CLADDING THICKNESS (MM

ROD-TO-ROD PITCH (MM)
FUEL PELLET

PELLET OQUTER DIAMETER (HM3

PELLET CENTER HOLE DIA. (MM)

REFERENCES

D-12

GENERAL DESCRIPTIDN OF REALTCR CHARACTERISTICS

JAERI-M 86-101

FUEL PERFORMANCE DATA  »¥x DATE = 85-05 *EPAGEX®x (D- 127
(3 ®% 110003 *=%
PWR PR BWR BWR 8WR gWR BWR
15%19 17517 KT ™ 2X8 8X8 9x9
5TD. 8TD. INITIAL REV. WR(T) WR(2) CONCEPT

T R (D) K (30 K () koo () K- (B Koo (Theke--(8)-%

*ASEATOMX
*-- 0HI-1, 2 --*BWR-75 x-- FUKUSHIMA-15Y.-1 --%xCURRENTXCONCEPRT%
PHROI®Y  PWR(X) #-wommmeoo o BWR - - - e e "
3423 3423 3000. 1380 3293 3293
1175 1175 1060, 401 461 461 1100 1100
157 157 70.4 70.7 0.7 0.7 70.7 T0.7
63100 60100 41000 21800 21800 21800 48300 48300
42 36
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
* *® .68 EES] KKK KK X 3.71 3.81
x * 46.3 L2 (T L] EEe" 50.2 48.7
X 14%,3 XK % EE S EH K 133 1009
97 .4 97.4
289 289
325 325
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
4850 5550 xx - - -
589000 514900  ** 352000 - - 3587000 -
>1.30
>1.30
2390 2200
2360
2400
52.1
59.1
347
350
_________________________________________________________________ x
CL cL FC FC FC FC FC
15X15 17X17 8x8 X X7 5x8 8X8 9xg
764 764
15.2 15.2
62 77
1 2 4
IRY -4 2RY-4 * ZRY-2, IRY-2, IRY-2 ZRY-2 ZRY-2
SX RX
12.25 12.3 10.86
11.75
0.86 0.77
16.2 14.3
10.46 10.3 8.8
.96
o} 3.0
_______________________________________________________________ x
DATA OF COLUMN (1) AND (2):; - 5859 -

'GENSHIRYOKU ANZENIINKAL ANZEN-SHINSA SHISHIN-SYU-,
(P.564),

£5.5%)

NDATA OF COLUMN (3): P.3-11, 4-16, 4-23.
DATA GF COLUMN (8):
M.AOYAMA ET AL, NUCL. TECH. 64¢1) PP.19-25 (JAN. 1984},



<t 110004 *>

11 REACTOR TYPE

122 FUEL ASSEMBLY

(15 TYPE

¢ 14) NO. OF FULL RODS PER ASSEMBLY
¢ 15) AVE. BURNUP (M&D/MTH?

¢ 16) EQUILIBRIUM CORE

17 AVE. FUEL ENRICHMENT (W/0)

¢ 18) MODERATOR/FUEL VOLUME RATIO
19 REACTOR SYSTEM PRESS. (KG/CHZ2-G)
(999} REFERENCES

<% 110005 *> NUCLEAR DESIGN PARAMETERS
¢101) K-EFF. (INITIAL CORE, AT BOL>
(102) coLo

(103 HOT, 0-POWER

(104) HOT, FULL-PDWER

(103) NO XE, SH

(1086) XE, SH EGUILIBRIUM

(111) AVERAGE BURN UP  (MWD/MTM)

(122) INLITLAL CORE

(123 EQUILIBRIUN CORE

{131} PUWER CONTROLLING

(1322 NUMBER

{143 ROD MUMBER PER CLUSTER

(133 ONE STUCK ROD MARGIN (DELYA-K/K)
{141) POWER DISTRIBUTLON ADJUSTING CLUST
(142) NUMBER

(1433 ROG NUMBER PER CLUSTER

(151> BURNABLE POISSON

(i52) MATERLAL

€153) TOTAL NUMBER

(154) INITIAL CORE

(135) EQUIL1BRIUM EORE

(156) REACTIVITY (BELTA-K/KY
(1573 INITIAL CORE AT BOL
(158> EQUILIBRIUH CURE AT BOL
(161) REACTIVITY COEFF. {DELTA-K/K/SL)
(162) MODERATOR TEHP. COEFF.

(163) DOPPLER COEFF.

{998> REMARKS

(999) REFERENCES

S 3

MAIN CORE PARAMETERS -

FUEL PERFORMANCE DATA

MODERATOR/FUEL VOLUME RATIO -

JAERI-M 86-101

(1] DATE = B86-05 **PAGE*x (D- 13}

*% 110004 »x

S TR RN & PR SRR & SR TR S PR R C PR R PR SERY SR SRR ¢ PR 4

GWR/2 PWRC4)
[2%4 1414
49 176
22600 27000
2.49 3.02
2.4 1.7
70.3 157.

S. SUGURL EDS, GENSHIRYOKU HATSUDEN NYUMON. (F.713
,,,,,,,,,,,,,,,,,,,,,,,,,, e e i —x
- PWR - & 110005 xx

PWR PW8

15%15 17X17

STD. STD.

I R SR T I R SRR & R SR TSR LR S PR TR RN PR SRR Y SR SR PR

«-- CONDITION
CHEMICAL® RCC
SHIM
(K-EFF) (PPM)
1.199 0. ALL-OUT
1.158 0. ALL-0UT
1.132 0. ALL-0UF
1.091 0. ALL-0UT
24000
33000
kCcC
53
20
0.06
a
20

BOROSILICATE-GLASS
CONTAINED IN STAINLESS-

--x

#-- CONDITION --x
* CHEMLACL* RCC =
SHIM
(K-EFF) (PPH)
0.95 1300. ALL-LN
0.99 1400. ALL-0UT
1.00 1208. ALL-OUT
1.00 900. ALL-0UT
24000
33000
RCC
53
24
0.05-.06
24

BOROSILLICATE-GLASS
CONTAINED IN STAINLESS-x

STEEL CLAD. STEEL CLAD.
1500
1520
<1520
0.09 DELTA-K
0.550 (COLDD
0.076 (HOTY
<(.055 (CoLo>
<0.076 (ROTH
070 a 10
-5.4E-4 -7.2E-4
-2.2E-5 70 <2.2E-3
~2.9C-5
RCL: ROD CUNTRDL CLUSTER.
SEE $S59 OF FDN-110003. (P.563>

—31- D—i3



JAERI-M 86-101

*x%  FUEL PERFORMANCE DATA  xx¥x DATE = 86-05 **kPAGEx*® (D- 14)

<% 110004 *> REACTIVITY BALANZE AT BOL - EXAMPLE - #x 110006 =%

T E {2y (3 K KAy Moo (53K s e (B) K- () em- - (B)-%

BWR PWR BWR 2
TSURUGA

€ 100  EXCESS REACTIVITY

11 TEMPERATURE (COLD TO HET) 3. 5.

€3N MOBERATOR 0.5

¢ 12) 0-POWER TO RATED POWER 5. 2.

3 DOPPLER 1.0

€33 YG10 2.5

€13 XE, SM EQUILTIBRIUM 3. 3. 3.7

1w BURN- P 12, 17.

€ 34) 18T £YCLE 15.3

€15 CONTROL ROD MANEUVERING 0. 0.5 1.0

¢ 165 TOTAL 21. 27.5  24.0%

€ 203 REACTIVITY OF CONTROL ELEMENT

€2 CONTROL RGD 17. 6.

{2 BURNABLE POESSON 8. 8.

2 CHEMITAL SHIM - »21,

¢ i8)  TOTAL 25 335,
_________________________________________________________________ %
UNLT = (% DELTA-K/K)
_________________________________________________________________ Py

(998) REMARKS x : REACTIVITY WORTH TO 8E CONTROLLED.
_________________________________________________________________ X

(999; REFERENCES DATA OF COLUMN (1) AND (3): 27, P.5-23,
DATA OF COUMN (4):

$. SUGURL EDS, GENSHIRYDKY HATSUDEN NYUMON, P.72.

<x 110007 %> REACTIVITY COEFFICIENT - PWR, MIHAMY - *x 110007 *x
S K (D) k(3 ke (A koo (5 e (B K (TY-k--- (B) -
PWR
MIHAMA

¢ 113 MDDERATDR TEMP.COEFF.(DELTA-K/K/C) +2. TO -5.E-04

€ 12> DOPPLER COEFF, (DELTA-K/K/C) -2. T0D -3.E-05

¢ 13> volo COEFF. ¢DELTA-K/K/%-VOlD> +1. T0 -3,E-03

¢ 14> PRESSURE COEFF.(DELTA-K/K/(KG/CM2) -1. T0 +5.E-0S
________________________________________________________________ %

(599) REFERENCES S. SUGURL EDS, GENSHIRYOKU HATSUDEN NYUMON, P.73.
_________________________________________________________________ %

<% 110008 *> NUETRON FLUX - TYPICAL EXAMPLE - xx 110008 *#
S (1) e -(2) -k

¢ 1) REACTOR TYPE BWR PWR

€ 11> THERMAL NUETRON FLUX 4.2 5.

¢ 12)  FAST NUETRON FLUX (>1 HEV) 5.0 9,
________________________________________________________________ «

(399) REFERENCES P,5-22.

D-14 ~32-



<w 110009 x>

100
11
203
307
313
32
40)
412
42)
50
ST
&)
T0)

e e e e e el e el e

993)

*kx

AVERAGE LINER HEAT
GENERATION RATE

RESIDENCE TIME

HOT CHANNEL FACTOR
STEADY 5TATE
TRANLENT

WUETRON FLUX,
THERMAL
FAST

BURNUP TARGET
(ASBEMBLY AVERAGE?

CODLANT PRESSURE

COULANT TE MPERATURE

(W/CM)
(YEARD

(/CMxx-2/SECY

(GWD/T (U
(BAR>
(DEG-C2

REFERENCES

FUEL PERFORMANCE DATA

OPERATIONAL REQUIREMENTS FOR LWR FUEL

JAERI-M 86-101

*Kx DATE = 88-095 *APAGE*% (D- 15)

TYPICAL VALUES - **% 110009 %

ST (YR (2) ke (F) K e (4) Ko s s () koo (B) ke -- (T)ox-c - (B)-x
foeoo PR - ke BWR ----- *

155 70 225 155 T9 230

3 4

1.5 10 2.1 1.8 T0 2.2

2.5 70 2.5 2.3 70 2.5

4. 70 6.E+13 3., TO 5.E+13

6. TD 9.6+13 4. TO 6.F+13

28 T0 34 22 T0 28

145 10 158 72

363 70 318 287
,,,,,,,,,,,,, K e e e R
F.GARZAROLLL, R. VON JAN, H. STEHLE, *THE MAIN CAUSES OF FUEL

ELEMENT FAILURE IN WATER-CODLED POWER REACTORS',
ATOMIC ENERGY REVIER 17{1> {1979), (P.31-128%

—33— D15



<x 110201 =>

1D
12)
203
21
22)
23)
24)
232
267
403
273
3o
R
32)
50)

R e e N T Y

60)
61)
69)
62)
63)
64)
65)
66)
67)
68)
70)
T
T
73)
76}
77l
74)
751

P T T T T S S N e ]

(997>

{598)

D~16

xxx

PLANT NAME

RATED POWER LEVEL, (MW (T
NHET PLANT ELECTRIC OUTPUT, (MWC(E)?}
POWER DENSITY-wxx), (KW/LLTER)
CHF RATIO AT OVERPOWER
MAX. HEAT FLUX,

(X1.0E+3,BTU/HR FT#x2)
LINER POWER-xx), (KW/FT)
MASS-FLOW RATE-*3,

(X1.0E+5/LB/HR/FT*%2)
AVG, EXIT STEAM QUALLTY (%)
INLET SuBCOOLING, CBTU/LE)
EXPOSURE, (MWD/TONNED
FIRST CORE
EGQUIL{BRIUNM LORE
FUEL ROD DIAMETER C(IN)
FUEL-ASSEMBLY DATA
DVERALL LENGTH, CIND
OVvERALL CROSS SECTION, (INXIN)

HONINAL ACTIVE FUEL LENGTH, (LN}

FUEL-RQD PITCH, (IN}
NUMBER OF FUEL RODS
SPACE BETWEEN FUEL RODS, CINY

FUEL-CHANNEL WALL THLCKNESSCIN)
FUEL-BUNWDLE HEAT-TRANSFER AREA

(FTxx2)

FUEL-ROD DATA
QUTSIDE DIAMETER CIN)
CLADDING THILKNESS, CIN)
PELLET OUTSIDE DIAMETER, LI

FUEL-PELLET-TO-CLADDING INITIAL

DIAMETRAL GAP, (HILS)
FISSION-GAS PLENUM LENGTH, (LN)
PELLET TMNERSION DENSITY,(G/CO)

NOTES

REMARKS

FUEL PERFORMANCE DATA

CORE DESIGNS FOR OPTIMUM PERFORMANLCE -

JAERI-M B6-101

Xk DATE = 86-0°% *2PAGEx* (0- 162

HISTORICAL BWR *x 110201 »x

I e e S S R S R C:E EEEERT S PEE e pe
ORESDEN DRESDEN DRESDEN®-- BIG ROCK ---*OYSTER *CURRENT®CURRENT

NO.1 % NO,1 = ND.2 -~ POINT - -#CREEK  ® *FUEL =
INITEAL®PRESENT* *[NITIAL*UPRATED* * *DESIGN *
*IN 1965% * x * *[N 1966%IN 1971
7777777 R e e . i e . LI
626 700 157 240 1600
7S5
29.8 3%.2 37.0 45.0 45.0 33.6 51.0 50.0
2.0 1.5 .5 1.5 1.5
350 450 510 510 387
15.2 19.0 15.2 15.8 16.9
5.8-9.4 5.2-11.5 9.1 £.5-7.0 9.4
5.9 6.6 10. 5.3 7.6 9.8 14
SG. 50. 20. 20. 26 .
7400 16500 21000
11000 22000 27500
0.567 0.570 G.562
7777777 LR R . R R e I S S
173.87
5.438 $Q
144
0.738
49CTXT)
0.175
0.080
86.52
0.563
0.032
0.487
12
16.00
10.42
_______________________________________________________________ x
8@ : SQUARE. (VALUE WAS TAKEN FROM FIG.1 (P.69) )

*) : ORIFICE ZONES,
AT OVERPOWER.
AVERAGE .

A RATIO OF 2 WAS SELECTED TQ ACCOUNT FOR THE LACK OF TEST DATA
AWD PODR UNDERSTANDING GF THE PHEMOMENA LEADING TO CHF. SINCE
THAT TIME, EXPERIENLE w!TH GEOWETRIES AND CONDITIONS T¥PICAL OF
BOILING WATER REACTORS HMAS ENABLED DEGIMNERS TO REDULE THE
CRITICAL HEAT FLUX RATIO FROM 2.0 TO 1.5. DRESDEN, HUMBOLT BAY
AND BIG ROCK POINMT HAVE ALL ACCUMULATED A SUBSTANTIAL NUMAER OF
OPERATING HOURS AT A RATID OF 1.5, EVALUATED AT Ar OVERPOWER
VALUE OF 1.22 T0 1.27.

THE MOST 0BY¥IOUS CHANGE 1§ THAT SHOWN FOR DRESDEN 1,
REQULCTION 1N THE CHF RATIO FRQOM 2.0 7O 1.5

WHERE
HAS PERMITED INCREASE

OF 25% IN THE LINER SPECIFIC POWER - KW/FT OF FUEL LENGTH - AND

12% IN EXIT STEAM QUALITY.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, =
CHF, THE POINT BEYOND WHICH TEMPERATURE OSCILLATIONS SET 1N,

HAS ALSO BEEN REFERRED TO A% BOLLINWG CRISLS AND DEPATURE FROM
NUCLEATE BOILING (BNBY. THE FORMER !$ SELECTED FOR USE [N BWR
DESIGN {IN GENERAL)Y BECAUSE 1T CAN COVER INSTANCES WHERE
EVAPDRATION PREVAILS AT AN LNTERFACE RATHER THAN SUILLING.
FURTHER, [T MAKES NO INMPLICATION ABOUT THE CONSEQUENCES OF THE
PHENDMENON.

THE CHF RATIO OR "BURNOUT RATIO- 15 THE RATIO OF THE CRITICAL
HEAT FLUX (DETERMINED FOR A PARTICULAR REACTOR OPERATING
CONDITIONY TO THE MAXIMUM OPERATING HEAT FLUX EVALUATED AT A
SELECTED OVERPOWER CONDITLION. THUS, A RATIO OF 2 [NDICA&TES THE
FUEL LS OPERATED AT HALF THE HEAT FLUX THAT W3ULD PRODUCE
INSTABILITIES I[N SURFACE TEMPERATURE AT THIS CONDITION.

CRITICAL HIEAT FLUX PREVIOUSLY CALLED
REFER REMARKS OF FON-110002.

BURNOUT - .
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(901> REMARKS - JET PUMP SYSTEM THE SYSTEM (JET PUMP> HAS BEEN INCORPORATED IN THE DESIGN OF
COMMONWEALTH EDLSON'S DRESOEN 2 PLANT AND [N SUBSEGUENT DESIGNS.

IT IS LIKELY THAT JET PUMPS WILL BE USED IN NEW BWRS FOR THF
NEXT DECADE FOR SEVERAL RESONS:
% JET PUMP RECIRCULATION SYSTEMS ARE FUNDAMENTAL TO LARGER BWR
PLAKTS - AND THE INDUSTRY TREND [S TO LARGER PLANTS.
* THE REPLACEABLE JET PLUMP ASSCMBLIES ALLOW INCORPORATION OF
TMPROVEG JET PUMP TECHNOLGGY IN OPERATING PLANTS. THIS AIL0S
PLANT UPRATING AND IMPROVES EFFICIENCY.
* JET PUMP SYSTEMS ARE COMPATIBLE WITH INCREASED POWER DENSITY,
INCREASED CORE EXIT STEAM QUALITY, AND THE INCLUSION OF NUCLEAR
SUPERHEAT.
-- DOUGLAS M. GLUNTZ, RDBERT H, MOEN, JOHN L. WRAY, “JET PUMPS

ADVANCE BWR RECIRCULATION FLOW-0ESIGNZ,

- SUBTITLE - JET PUMPS INSTALLED WITHIN BOILING-WATER REACTOR
VESSELS REDUCE THE NUMBER OF EXTERNAL RECIRCULATION LOOPS.
FURTHER, THEY PROMISE TO LOWER MAINTENANCE COSTS AND
INCREASE 3AFETY MARGINS.

NUCLEONICS, 23¢12), PP.58-61, (DEC. 1965). (P.58&) oK

{999y REFEREMNCES (A) GEORGE M. ROY, "GETTING MORE OUT OF BWR-S’, NUCLEONICS,
24011, PP.41-53. P.41. (NOV. 1968)
(B> T. SCORLIE, S. LEVY, M.F. LYONS, J.E. BOYDEN, *EXPERIENCE
WITH BWR FUEL RODS OPERATING ABOVE CRITICAL HWEAT FLUX’,
NUCLEONICS, 23¢4), PP.62-65 & 88, (APRIL 1965), (P.633

DATA OF COLUMN (8):

H.E. WILLIAMSCON, B.C. DITMORE, ‘CURRENT BWR FUEL DESIGN AND
EXPERLENCE", REACT. TECH. 14(1), P.70, (SPRING 1971).

<x 110202 *> PEAK-TO-AVERAGE POWER RATIOS (PEAKING FACTORY IN BWR CORES % 110202 =*x

S 1) K (2 - (3) A (4) - {5) K- (B) koo (T)-M--- (B)-X

PREVIOUS PRESENT (LN 19661}
DESIGN BASIS3 BASIS
_______________ Ko m v oo — -
{ 51) RADIAL 1.47 1.40
520 AXIAL 1.57 1.50
¢ 53) tLOCAL 1.30 1.24
¢ 54 TOTAL OVERALL 3.0% 2.6%
______________ K m o m ottt m e K e e e e et e e e .
(3%7) ROTES ¥ r PROOUCT OF RADIAL, AX1AL AND LOCAL FACTORS.
_______________________________________________________________ x
(998) REMARKS THE OVERALL POWER DISTRIBUTION FACTOR 18 THE RATIO OF PEAK HEAT

FLUX 70 THE AVERAGE VALUE ANDB INCLUDES FACTORS FOR:

* POWER OF THE PEAK FUEL BUNDLE TO AVERAGE FUEL BUNDLE -
RADIAL FACTOR - INCLUOING CONTROL ROD EFFECTS.

* PEAK ROD POWER WITHIN A BUNOLE TO AVERAGE ROD POWER IN THE
BUNDLE (LOCAL EFFECT).

* PEAK HEAT FLUX ALONG THE ROD TO THE ROD AVERAGE C(AXIALY.

THE [MPROVED DISTRIBUTLON CAME FROM:
1Y THE USE 0OF THREE FUEL ROD ENRICHMENTS IN FACH FUEL BUNDLE
RATHER THAN TWO,
2) THE USE OF AN ONLINE FROCESS COMPUTER.

THE COOLANT FLOW BECOMES A SATURATED LIQUID ANYWHERE FROM
ONE-EIGHTH TO ONE-THIRD (1/8 TO 1/3) OF THE DISTANCE BETWEEN
UPPER AND LOWER TIE PLATES. BEYOND THIS POINT BULK NUCLEATE
BOILING OF THE COOLANT QLCURS. (x8)

(999) REFERENEES SEL G.M., ROY OF FDN-110201. (P.42,43)
(xB) SEE H.E. WILLIAMSON OF FDN-110201. (P.71)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e e e e e e e e e e __w
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<% 1107203 %> BASLS FOR FUEL DESIGN

( 103 BWR DESIGN CRITERLA

11D -1% PLASTIC STRALN LIMITS.
12 -FREESTANDING OR SELI-STANDING.
(999) REFERENCES

<% 110204 %> DEFINITION OF FUEL DAMAGE

10 DEFINITION OF FUEL DAMAGE
{998) REMARKS
(999) REFERENCES

D—-18

FUEL PERFORMANCE DATA

DESTGN CRITERIA -

JAERI-M 86-101

*HK BATE = 86-05 xxPAGE*x (D- 182

k% 110203 %%

**“(1)-*w~*(2)'*---(3)**-"-(4)“****(5)-*-"*(6)"*---(?)**'--(8)'*
THE DESIGN CRITERIA REQUIRE THAT:

1. THE FUEL-ROD-CLADDING EXTERNAL DESIGN PRESSURE SHALL BE
£QUAL TO OR GREATER THAK THAT WHICH WOULD OCCUR DURING EITHER
ANTLCIPATED NORMAL OR TRANSIENT OPERATION.

2. THE INTERNAL DESIGN PRESSURE OF THE FUEL-ROD CLADDING SHALL
EXEED THAT RESULTING FROM INITIAL FILL GAS, IMPURITY GASES, AND
RELEASED FISSION-PRODUCT GASES THRODUTHOUT THE INTEMNDED FUEL
LIFETIME.

3. THE CLADDING STRAIN CAUSED BY RELATIVE EXPANSION BETHEEN
FUEL AND CLADDING SHALL BE A SMALL FRACTION OF THAT WHICH WILL
CAUSE PERFORATION.

A VALUE OF 1% PLASTIC STRALN OF ZIRCALOY CLADDING 1S DEFINED AS
THE LIMIT BELOW WHICH FUEL DAMAGE DUE TO OVERSTRAINING IS5 NOT
EXPECTED TO OCCUR DURING A TRANSLENT. 4VALLABLE DATA INDICATE
THE THRESHOLD FOR DAMAGE IN IRRADIATED ZIRCALGY CLADDING 1S IN
EXCESS OF THIS YALUE. THE LHGR RCQUIRED TO CAUSE THLS AMDUNT OF
CLADDING STRAIN IS APPROXIMATELY 28 KW/FT IN FRESH FUEL OF THE
CURRENT DESIGN (IN 1971} AND APPROXTMATELY 22 KW/FT 4T A LOCAL
EXPOSURE OF 40000 MWD/METRIC-TON.

IN COMPARISON, THE LHGR REQUIRED TO CAUSE INCIPIENT FUEL
MELTING IS 21.5 KW/FT (70.54 KW/M), WHERCAS THE ANTICIPATED
PEAK LHGR DURING NORMAL MODES OF STEADY-STATE OPERATION IN THE
CURRENT GENERATION OF BWRS C(IN 1971> IS ONLY 18.5 KWiFT (60.7

'FREESTANDING’ OR “SELF-STANDING®, I.E., CAPABLE OF WITHSTNDING
THE EXTERNAL REACTOR COOLANT PRESSURE WITHOUT COLLAPSING ONTO
THE ENCLOSED FUEL PELLETS.

ADEQUATE FREE VOLUME IS PROVIDED WITHIN EACH FUEL ROD TO
ACCOMMODATE THE HELIUM BACKFILL PLUS ALL GAS FISSION PRODUCTS
RELEASED FROM THE FUEL PELLETS DURING OPERATION WITHOUT
EXCESSIVE INTERNAL PRESSURE.

DESTGN AND
P.73.

H.E.
EXPERIENCE",

WILLIAMSON, D.C. DITMORE,
REACT. TECH. 14<(1)

*CURRENT BWR FUEL
(SPRING 1971>, PP.68-93,

xx 110204 *xx

f--(i)‘#***(EJ-*~-'(3)-*---(¢)**‘-"(5)****'(6)-****(?)-*--’(8)-*
FUEL DAMAGE 1% DEFINED AS PERFORATION OF THE CLADDING THAT
PERMITS RELEASFE OF FISSION PROSUCTS. TWO PRIMARY MECHANLSM MAY
CAUSE FUEL DAMAGE DURING REACTOR TRANSIENTS:
1, SEVERE LOCAL OVERWEATING OF THE FUEL CLADDING CAUSED BY
INADEQUATE COOLING,
(THE ONSET OF TRANSITIGN FROM NUCLEATE TO FILM BOILING -
MCHFRY .
2., FRACTURE OF THE FUEL CLADDING DUE TO EXCESSIVE STRAIN
RESULTING FROM RELATIVE PELLET/CLADDING EXPANSION.
¢PCMI - PCL - 1% PLASTIC STRALN LIMIT)

FUFL DAMAGE 1S DEFINED AS PENETRATION OF THE FISSION PRODUCT
BARRIER (I.E. THE FUEL RCD CLAD). RESAR 41 (DET. 19733,
(P.4.2-10.

SEE H.E. WILLIAMSON OF FDN-110203. (P.73).
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*%% FUEL PERFORMANCE DATA xxx DATE = 86-05 **PAGE#»* (0- 19)

<% 110205 *> FUEL LINEAR HEA1-GENERATION RATELS ®x 110205 *%

2
21
220
3m
213
20

P e

< 40)
C 41)

(998)

(9992

EXPOSURE, (MWD/METRIC TON?
PEAK STEADY STATE, (KW/FTY
DRESDEN-2

BROWNS FERRY-1

ANTICIPATED PEAK TRANSLIENT(KWISFTY
DRESDEN-2
BROWNS FERRY-1

CLADDING-STRAIN DAMAGE LIMIT,
(KW/FT)

REMARKS

REFERENCES

USE OF THE- DESIGN MODELS PERMITS CALCULATICON OF THE LHGR
REQUIRED TO CAUSE FUEL DAMAGE (1% PLASTIC STRAIN OF THE CLADDING
> BURING AN DYERPOWER TRANSIENT. FOR COMPARISON, THE ANTICIPATED
PEAK STEADY-STATE ANG TRANSIENT CONDITIONS ARE SHOWN FOR BOTH
THE DRESDEW 2 AND THE BF-1 CLASSES OF REACTOR. BOTH THE ANTIL-
CIPATED DPERATING CONDITIONS AND THE DAMAGE LIMITS DECREASE
MONOTONICALLY WITH BURNUP,

SR TR ¢ SR T ¢ PR R O SR R RN ¢ PR TR RN { PR EEEE CORT EERES: PEES

0 22000 44000
,,,,,,,,,,,,,,,,, v O

17.3 i6. T4,

18.5 17, 15.

19.9 18.2 15.9

21.5 19.7 17,4

28 28. 22
___________________________________________________________________ *
SEE FDN-110203
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
SEE FDN-110203
__________________________________________________________________ *
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103
112
12)
13)
14)
16)
17)
18)
19}
200

P N N

¢ 21)

{30
30
(32
(33
(1235)
(1263
(127)
¢ 25)
(126)
{127)
(130
1
(1257
23
22)
23
24)
25)
« 15)
(113}
(116}
(117}

_~ e~

407
41)
423
43)
44)
45)
467
47
50)
51>

o e

322
53)
54)
o)
61)
62}
652
a6)
67)

N N e e e

68)
69)
T0)
(&%
72
73
76)
75)

o e

¢ &0)
81)
a3

~ o~

~

847
85}

—~

D-20

EET 1

FUEL ASSEMBLY
TYPE
FUEL RGD ARRAY
FUEL-ROD PITCH
NO. GF FUEL ROD/ASSEMBLY
SPACER CGR GRID
MATERLAL
GRID
SPRING
NUMEER

SURPORTING

JAERI-M 86-101

SUMMARY OF FUEL ASSEMBLY

FUEL PERFORMANCE DATA x&x
BWR BWR BWR
Xt Xt Bx8
INITIAL REV. YR

DATE

BWR
8x8
WR(2)

B&-05

PWR
14X14
$TD,

**PAGE=®% (D- 20)

xx 120001 =x

PWR PUR
15X15 17X17
STG. §TO.

S () (2) ¥ - -3 - (4 k- - (9) %o - (B k- - - (V) -*¥---(B)-x

WATER ROD O®R COMIROL ROD GUIDE

THIMBLE
MATERLAL
NUMDER
DIAMETER

UPPER

LOWER (DASH
THICKNESS

UPPER

LOWER {DASH POT»

IN-CORE
MATERIAL
DIAMETER
THICKHESS

CHAMNEL BOX
MATERLAL
DIMENSION
THICKNESS

ASSEMBLY DIMENSION
CROSS SECTION
TATAL HEIGHT

ASSEMBLY WEIGHT

POTS

FUEL RED
TYPE
FUEL PELLET
MATERLAL
FORM
DIAMETER
HEIGHT
DENSITY
CLADDING
MATERIAL

QUTER DIAMETER

THICKNESS

THICKNESS/OUTER-RADIUS
GAP

DIAMETRAL GAP

[NSTRUMENT GUIDE THIMBLE

CN-5B
ax8

16.2
62

ZRY-2
2

CL-SB
14X14
141
197

- -

ZRY-4
16

CL-SB CL-SB
15%15 17x17
14.3 12.6
204 264

-

INCONEL-718

INCONEL-T718 ----x

7 9 OR
7
CONTROL ROD GUIDE *
THIMALE *
2RY-4 ZRY- 4
20 24
12.24
10.90
0.41
Q.
ZRY -4
12.24
0.41

_________________________________________________ e c e - X

GAP/CLADDING-OUTER-DIAMETER

FUEL ACTIVE LENGTH
GAS PELNUM
BONDED GAS

GAS PRESSURE
HE
AIR
FLENUM LENGTH
PLENUM SPRING
MATERIAL
MOISTURE GETTER
TOTAL LENGTH OF FUEL ROD

NUCLEAR THERMAL-HYDRAULIC CHARAC,

MODERATOR/FUEL VOLUME RATID
WEIGHT GF U PER ASSEMBLY

FUEL ENRICHMENT
AVERAGE ENRLCHMENT

CH-SB  CH-SB  CN-SB
7x7 7 38
(MM) 8.7 18.7 16.2
49 49 63
Eeoeoeao- IRY-4
Koo [NCONEL X-750
7 7 7
CR R WR
- - IRY-?
- - 1
(HM)
(MM
CMM)
CHM)
Koo-- IRY-4
CMMY #----  138%138
(MM 2.0 2.0 3.048
CMMAMMD
MM
(KG)
UN-P UN-P UN-P
U02  ®---- UD2+GOZ-03
(MM 12.40  12.11  10.36
(HM) 22, 12. 11.
(Z-T03 95. 95. g5,
IRY-2, ZRY-2, IRY-2,
5x X RX
(MY 14.5 14.3 12.5
(MM} 0.90  0.94  0.86
0.14 0.13 Q.18
(MM} 0.30  0.31 .22
(MM} 3660. 3660, 3710,
HE HE HE
(ATH)
1 » 1
(MM 406 ., 406. 356.
5% 85 55
NO YES YES
(M)
2.54 2.38 2.5
(KG) 187.-  187.-  184.
195. 195.
(Wi 0
2.1-2.5 2.1-2.5 2.62

_~38._

[ S,

10.31
1.
35.

IRY-2,

RX
12.3
0.86
?

3710,

HE

2004200 214X214 216X214
4060
670
PRE-P PRE-P PRE-P
SINTERED W02 ~---=%
®--  BOTH END DISH ----x
§.29 9.26 8.19
15.2 15.2 13.5
5. 93, 95,
ZRY-4 IRY -4 IRY-4
16.72 10.72 .50
0.62 0.617 Q.57
4.19 0.196 0.17
3660, 3660. 3660,
HE + HE + HE +
AR AlR ALR
20,-30, 20.-30. 20.-30.
1. 1. 1.
131. 131. 1595.
88 58 58
3860 3380 3860
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*¥%%  FUEL PERFGRMANCE DATA  x%x DATE = 86-05 **PAGEX® ([- 21)
(86 15T REGION C(CENTER) 2.27 2,04 2.1
87y 2ND REGIGN (MEDLUM) 3.03 2.58 2.6
C 88y 3RD REGION {OUTER ) 3.4 2,20 3.1
| C 8 REPLALEMENT FUEL 3.78 3.21 3.7
; Q10 MAX. DESIGN BURNUP
¢ 9112 MWD/ ST 45000 40000
€92 INITIAL CORE (MWD /MTM) - 24000 24000
¢ 93) EQULIBRIUM CORE (MWD /MTMY - 33000 33000
( 94)  GADOLLNIUM (BURNABLE POISSON)
{ 9%y CONTENT OF GD (Wi0y 1.5 1.5 0.5-1.5%
¢ 96) NO. OF RGDS CONTENTED GD/ASSEM. 4 4 4 7
¢ 97)  LHGR Gl TM)
. 98> AVERAGE
(9% MAXIMUM
(1057 AT RATED POWER 574, Si4. OR 440. 440, 528,
BGT.
{1067 AT 112 % POWER 521,
(1e7) UNGER ABMORMAL TRANSIENT 591,
. 100 HOT CHAKNEL (GOR PEAKING) FACTOR
: (1012 TOTAL 2.85 2.85 2.68 7 <2.32 <€2.32  <2.32
f (102) RAGLAL 1.4 1.4 1.4
5 (1033 AxIaL 1.57 1,57 1.57
i (1043 LOEAL 1.3 1.3 1.22
,,,,,, el iiily
(997) NOTES CN-$B: SGUARE BOUNDLE CANNED WITH FLOW CHANNCL (CHANNEL 80X).
CL-$B: CANLESS SGUARE BOUNDLE.
CR: CENTER FUEL RDD.
WR : WATER ROD.
SX 3 STRESS RELILEVED.
RX i RECRYSTALLLZED.
UN-P: UNPRESSURIZED.
PRE-P: PRE-PRESSURIZED.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, «
£998) REMARKS FOR DISKED PELLETS, REFER FDN-120007.
________________________________________________________________ «
€999 REFERENCES DATA OF COLUMN €13 -¢4):
M. NAGAL ET AL, J. AESJ, 24¢6), P.405, (1982)
DATA DF COLUMN ¢7):
YOSHTAKL KONDO, GENSHIROKU-KOGGYD, 28¢7), PP.37-43. (P,39)
____________________________________________________________________ «
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10}
112
12

133
147
15

143
17

187
113
123

25)
267
27

3o
20
2%
400
217
223
412
502
512
523

53)
55}
56)

607

67
703
71)
72y
75
76
7Ty
T8)
B0
813
3
833

(9972

(399

S B) K- (4 ke oo (5) K- () K- -

= B56-05

MA1052% 5A1066

*x%PAGExk (D- 22)

&k 120002 *%

S(T3-w- - (8) %

MA1057% 341067

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I

xxx  FUEL PERFORMANCT DATA  xxx DATE
TEST ASSEMBLY DATA - IFA-1086 -
HALDEN
IFA-1086
S (lyek---(2)-%
PIN NO.
UPPER MA1048  MA1081 S41043%x MAZ236
LOWER MB1043 MB3I234 SB1079 MB332t
FUEL WEIGHT,
UPPER, ENRICHED PELLET (KG) 0.6640 0.6552 0.6464 0.6551
LOWER, ENRICHED PELLET (KGY D.6642 0.6554 0.6592 0.6554
UPPER, ENG PELLET {GRY 11.80 11.70 11.40 11.70
LOWER, END PELLET {GRY 11.80 11.70 11.48 11.70
FUEL LENGTH/PIN (MM)

UPPER 720 720 722 720
LOWER 720 720 721 720
FUEL DIAMETER (MM) 10.68 10.61 10.468 10.561
DIAMETRAL CLEARANCE (MM)  0.12 0.20 0.12 0.20
CLAD. INT. DIAMETER (MM} 10.80 10.81 10.80 10.81

FUEL DENSITY (GR/CMxx3) ENRICHED FUEL 10.4
END PELLET 10,13
ENRIEHHENT (Wil
ENRICHED PELLET 10 W/0 U-235.
END PELLET 4 W/0 DY?03 IN NAT, UO02,

PELLET HEIGHT
ENRICHED PELLET
END PELLET

DISHING

CLADDING
MATERIAL
STATE

THICKNESS
FILLER GAS
PLENUM LENGTH

WELDING

NO. OF CLUSTER
NG. PINS/CLUSTER
PIN ARRAY
PITCH DISTANCE
SPACER
MATERIAL
NUMBER
SUPPORTING
SHROUD
MATERIAL
SHAPE

INT. DIMENSION

NOTES

REFERENCES

(MM

(MM)

(MM

(MM)

(HMD

M-PELLETS: 18,

12.7

NONE

IRY -2
ASTM-B353-64T.
AUTOCLAVED
0.7

HE

84.2

END CAPS AR ARC

400 DEG-C,

S-PELLETS: 16.

BASE ANNEALED (7

TI5.,

VENT HOLE SPOT WELDING TIG.

2
9

SQUARE LAFTTICE PITCH.

16.60

ZRY-2
1

CENTRAL SUPPORT,

IRY-?2
SQUARE
50%50,

FIXED SHROUD.

STEAM 88ATM.,

MBi054 SB10T4
0.6485 0.6589
0.6646 0.6587
11.80¢ 11.46
11.80 11.39
720 720
720 720
10.68 10.68
06.12 0.12
10.80 10.80

75 DEG-CJ.
12 HRSY,

EVACULATED THROUGH VENT HOLE,

SB1080 S5B3324
0.6574 0.656%
0.6588 0.6591
11.39 11.43
11.42 11.41
720 20
720 721
10.68 10,68
0.12 0.12
10.80 10.80

ONE PER PIN REAR CENTER SPACER.

HE FILLED,

SPACER SCREWED TO THE SHROUD.

M. UCHIDA,

JAERI-MEMI) 6159,

(P.8

)]

ORIGINAL DATA IS DESCRIBED IN HPR-85.

_.40._



o 1
11
12

133
143
152
1132

~

{ 163
17
(114)

{1133

18
it
1

25
¢ 26
2

<k 120004 #>

22
32
4}
52

~ o~~~

102
11
123
13)
14)
15)
16)
17
18
197
z2m
21
22
23

N i e T e T e e T N e e NNy

(947)

(998)

(399}

TEST ASSEMBLY DATA

PIN HD,
UPPER
LOWER

FUEL WEIGHT,
UPPER, ENRICHED PELLET
LOWER, EMRICHED PELLET
TOTAL, ENRICHED PELLET

UPPER, END PELLETY
LOWER, END PELLET
TaTaL, END PELLET

TOTAL FUFL WELGHT

FUEL LENGTH/PLN
UPPER
LOWER

FUEL DIAMETER
DIAMETRAL CLEARANCE
CLAD. INT. DIAMETER

BATCH DESIGNATION

FUEL CONTRACTOR

FUEL PELLET SUPPLIER
FUEL CLAD SUPPLIER

FUEL ASSEMBLY FABRICATOR

NUMBER OF ASSEMBLIES
ENRICHMENT
FUEL DENSITY
INITIAL PREES,
FILL GAS
STACK HEIGHT

PELLET DIAMETER
PELLET LENGTH
CLADDING MAT/L
CLAD THICKNESS
CLAD L.D.

GAP DIAMETER
NOTES

REMARKS

REFERENCES

*xx  FUEL

1FA-106 - (COK’T)

(KGD
(KG?
{KG)

(GR)
(GRY
KG?
(KG»

(MM

(MM
(HM3
(MM

CONNECTICUT YANKEE FUEL SUPPLIERS AND DESIGN PARAMETERS

(W/ 0>
(1D
(PSILA)

(IN)
(CM)
CIND
MM
CINY

CINY
(IND
(IND

JAERI-M 86-101

PERFORMANCE DATA  wxx DATE = B86-05 ®xPAGEER (G- 23

¥x 12000% xx

HALLEN
[FA-106
Sy (2) % (3D %o (4) K- - (5) % (B) K-~ (T) - (8) %
MA1058
MB1062
U *
0.6553
0.6553
11.8284
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
11.70
11.70
0.20878
,,,,,,,, e e ooy
12.0372
e i X
720
720
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, X
10,61
0.20
10.81
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *

%% 120004 *x

RS PEE EERREMEE SRR NG SRR EEERSDES EEERCDEE EEERGAEE EEENF IS
1 2 3 4 4N 44 5 17A 5G
(5004)
——————— I R . e el I SRR
K- - - oo - - WESTINGHOUSE (W) ~---%---  NUME(C ----%x-- W --%x- GGA -x
*-- - - WESTENGHOUSE (WY ----- x---- NUMEC ----%-- % --%x- BNFL-x
*-- SUPERIOR TUBE COMPANY ----% ? ?  SUPERIOR ?
*-- - - WESTINGHOUSE (W) ----- *®---- NUMEC ----%x-- W --x- BHNFL-%
——————— R it e e . e I *
53 52 S52%%) 48 2 2 4941 1
3.00 3,24 3.67 3.00 4.00 4,00
3.0 94.0 94.0 97.8 93.2 92.4 92.9 93.2
R I e 14,7 - mmmmme e o *
¥------- AR - * HE HE AIR HE
121.8 121.8 121.8 120.0 119.3 118.4 120.0 121.5
0.3835 0.383> 0.3835 0.3835 0.3835 0.3680 (0.3835 0.3835
L i Soe e 0.600 -------------"--"--"-----~ * 0,450
58 S3 S5xx) 58 S5 IRY 58 S§
Homrmmmmm e D.0165 ------------- * 0.024 0.0165 0.0145
L i 0,389 -----r------- * 0,374 0.389 00,3905
K--mmmmmm - - - - D.0055% --------ei--- % 0D.006 0.0055 0@.007
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ®
*X) FOUR ASSEMOLY CONTAIN FOUR ZIRCALOY TEST RODS EACH.
___________________________________________________________________ *
W 1 WESTINGHOUSE
GGA 1 GULF GENERAL ATOMIC
BNFL BRITISH NUCLEAR FUEL LIMITED.
B&W : BABCOLK AND WILCOX.
GUNF GULF UNITED NUCLEAR FUELS.
_________________________________________________________________ *
V. PASUPATHL, R. W. KLINGENSMITH, M. T. PITEK

STAIRLESS STEEL CLAD FUEL PERFORMANCE IN THE CONNETICUT YANKEE
REACTOR,

IAEA, SPECIALLST®S MEETING ON EXAMINATION OF FUEL ASSEMBLY FOR

WATER COOLED POWER REACTORS, HELD AT TOKYO, JAPAN, 9-13 NOVEMBFR
19581, IWGFPT/12, PAPER NO.1%6.

VA RS

S
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®¥%¥%  FUEL PERFORMANLE DATA %% DATE = 86-05 ®XPAGER® (- 24}

<% 120005 x> CONNECTICUT YANKEE FUEL SUPPLIERS AND DESIGN PARAMETERS (CON'T) Kk 120005 *x

T 1) K (2) K (3) e (A) o e s (5) K- (B) K- (7)o Koo (B) -k

¢ 1) BATCH DESISNATION SA 6 /64 7T iTC 8 9
7B

——————— L e B SIS SIS ST S S 1
{ 2) FUEL CONTRACTOR GGA W GUNF GUNF GUNF
¢ 3) FUEL PELLET SUPPLIER BNFL W GUNF BNFL Baw
{ 4) FUEL CLAD SUPPLIER 2 ¥ oo SUPERIGR ------------- S
{ 5) FUEL ASSEMBLY FABRICATOR BNFL W GUNF B&Y BaW

——————— L R R e I e e 4
¢ 103  NUMBER OF ASSEMBLIES ? 567 2 514 4 48 56
C 113 ENRICHMENI e/ 3.25 4.0 4.0 4.0 4.0

13.867 t3.66
¢ 12 FUEL DEMSBITY Z TD)Y 93.0 2.7 94,85 as.17 95.27
f92.8 194,57

{132 INITIAL PREES. (PSIA) %-----mememo oo 14.7 S mm e e *

*¥-S0OME-%

*-200,-=

®*-P5] -=
14} FILL GAS HE AR ¥em----- HE/FARSFAIR ----- *
€ 15)  STACK HEIGHT CINY 121.1 120.0 120.3 120.3 120.3
{ 17) PELLET DIAMETER (I 0.3845 0.3835 0.3835 0.3835 0.3835
{ 19 FELLET LENGTH CINS 0.450 0.600 0.420 0.420 0.4290
¢ 20) CLADDING MAT L ZRY 55 58 §§ S8
¢ 21 CLAD THICKNESS CiIND 0.025 0.06165 0.0185 0.0165 0.01645
{22y CLAD 1.D. CIND 0.3735 .389 0,389 7.389 0.389
( 23) GAP DIAMETER (IN) 0.009 G.0055 0.90055 0.40055 0.003535

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(397) NOTES SCE FDN- 120004,
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10
11
12
133
14)
15
16>
17y
183
193
203
213
223
233
243
23)
26)
27)
28}
im
31)
3
40)
31
41)
53)
3

N N T N S T T T T T o S S

513
L.l
533y
607
313
51
533

P S

(999

JOYD (FBRY

FUEL ASSEMBLY

MK- T

**¥*  FUEL PERFORMANCE DATA

FUEL ASSEMBLY DESIGN PARAMETERS

LENGTH (MM
WEIGHT (KG)
NUMBER OF PINS/ASSEMALY
PIN PITCH (MM
WRAFPER TUBE
MATERIAL
FLAT-TO-FLAT QUTER
QUTER DIMENSION (MM}
INNER DIMENSION (MM)
FUEL PIN
PIN LENGTH (MM)
CORE FUEL LENGTH {MM)

UPPER BiLANKET FUEL LENGTH (MM)

LOWER BLANKET FUEL
QUTER DBUAMETER
PLENUM vDILUME
WEIGHT
WIRE PITCH
CLADDING
MATERIAL
WALL THICKNESS
SPACER WIRE
MATERIAL
DIAMETER
CORE FUEL
MATERILAL

PELLET DIAMETER

PELLET LENGTH

PELLET DENSITY
AXIAL BLANKET

MATERIAL

PELLET DIAMETER

PELLET DEMNSITY

REFERENCES

LENGTH (MM

(MM)
(CCY
(KGY
(MM

(MM

(MM

(MM)
(MH)
% 102

(MM2
% I

JAERI-M 86-101

FBR
c£xp.

KKK

DATE =

86-05

®xPAGEX® (D- 233

*% 120006 *x

SR (2) K- (3) - (AR (S) k- (B) X (T) ke (E) -

2970.
60,
91

7.6

10%CW31¢6

78.5
T4.7

1910.
600,
400,
400.

5.3

8.5

0.465
266 .

10%CW316
0.33

3A 3186
1.2

PU-02/(PU-02+17.7W/0-U02)

U-235706:
5.4
10.
93.5

23W/0

U-23s 0.2 W/0

"IRRADIATION PERFGRMANCE OF EXPERIMENTAL FAST

REACTOR JOYOD MK-1 DRIVER FUEL ASSEMBLY'(IN J4P.),

5.4

94.
T. I[TAKL ET. AL.,
JLVAESJ, 27(5), (MAY,

18857,

(FP.52)



<x 120007 %>

DESCRIPTIONS OF

LE% 3

HOLODOWN SPRING LOAD

(200> FUEL RAD

(2015 - PLENUM

2012 - PLENUM

{202

(300) FUEL PELLET

(301 - PELLET SHAPE
(3027 - BWR-DISHED PELLET
(3032 - PWR-DISHED PELLET
(400) FUEL CLADDING

a01) - FREESTANDING

(998} REFERENCES

OR SELF-STANDING

FUEL PERFORMANEE DATA

FUEL ASGEMBLY STRUCTURE RESIGN

JAERI-M 86-101

Hx DATE = 8B-05 **PAGE*® (D- 26)

®& 120007 %%

T (IR (2) ke (3D k- () eme oo (5h-Xeo-(B) % (F) % (3)-¥

THE ROD DESIGN MUST ACCOUNT FOR THE INTERNAL PRESSURE BUILDUP
THAT WILL RESULT FROM THE ACCUMULATION OF RELEASED GASES. THIS
MAY BE ACCOMPLISHED BY PROVIDING A FREE VOLUME PLENUM, WITHIN
THE FUEL ROD OR USING HEAVIER FUEL CLADDING. AN UNDULY CONSER-
VATIVE APPROACH [N PLENUM AND/OR CLAD DESIGN WILL RESULT IN AN
ECONOMIC PENALTY DUE THROUGH THE INCREASED COST OF CORE COM-
PONENTS AND A POSSIBLE NEUTRON PENALTY DUE TO INCRESED CLAD
THICKNESS. - (REF-4)

ADEQUATE FREE VOLUME IS PROVIDED WITHIN EACH FUEL ROD TO
ACCOMMODATE THE HELIUM BACKFILL PLUS ALL G458 FISSION PROBUCTS
RELEASED FROM THE FUEL PELLETS DURING OPERATION WITHOUT
EXCESSIVE INTERNAL PRESSURE. - (REF-2)

HOLDDOWN SPRING LOAD DESIGN
- (REF-5)

YARGET: TWICE FUEL STACK WEIGHT.

THE EFFECT OF A BAMBOO RIDGE CAN BE MITIGATED, FOR EXAMPLE, BY
USING SHORTER OR BARREL-SHAPE PELLETS, CHAMFERED FDGES, DISHED
ENDS, DIFFERENT DIAMETRIC CLEARANCES, ETC., BUT ALL THESE
DEVICES HAVE A CORRESPDNDING PERFORMANCE PENALTY FROM SOME OTHER
STANDPOINT, SUCH A3 INCREASED MANUFACTORING COSTS, REDUCTION IN
URANIUM INVENTORY PER UNLT RUN OF FUFL TUBE, OR LOSS OF HEAT
UDUTPUT DUE TO IMPALIRMENT OF HEAT TRANSFER. - (REF-1}

BWR-DISHED PELLET
HIGHEST POWER, HIGHEST EXPOSURE FUEL RODS TO ACCOMMODATE
TERM [RRADIATION-INDUCED SWELLING GF THE UD-2. ALL OTHER
RODS EMPLOY A STANDARD RIGHT-CIRCULAR CYLINDRICAL PELLET
NO DISH. THE DISH 1S A SMALL DEPRESSION IN EACH END OF A
PELLET. - (REF-2}

DISHED FUEL PELLETS ARE EMPLOYED IN THE
LONG-
FUEL
WITH
DISHED

THE ENDS OF EACH PELLET ARE DISHED SLIGHTLY TO ALLOW GREATER
AXIAL EXPANSION AT THE CENTER OF THE PELLETS. - (REF-3)

'FREESTANDING” OR “SELF-STANDING’, [.E., CAPABLE OF WITHSTNDING
THE EXTERNAL REACTOR CDOLANT PRESSURE WITHOUT COLLAPSING ONTO
THE ENCLOSED FUEL PELLETS. -(REF-2)

REF-1: SEE REF-1 OF FDN-30Q3001.
REF-2:
H.E. WILLIAMEON, D.C. DITMORE, ‘CURRENT BWR FUEL DESIGN AND
EXPERIENCE’, REACT., TECH. 14C1) (SPRING 1971), PP.68-98,
(P.72), (P.73).
_______________________________________________________________ X
REF-3: RESAR-41, P.4.2-6 (DECEMBER, 1973).
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
REF-4: HOFFMANN & COPLIN, SEE FDN-5%00011.
__________________________________ e e e L. x
REF-5: 8TIR-4 (P.4).
_________________________________________________________________ M
— 44 —
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x%x  FUEL PERFORMANCE DATA  xxx DATE = 86-05 **kPAGExx (D- 27)

<% 120008 %> FUEL ROD ARRAYMENT 0OF MiXFD-OXIBE FUEL ASSEMBLY - BWR - #*% 120008 x=x
THIS DATA LIST SHOES THE ARRANGEMNT OF FUEL RODS.
BWR

8%8
WR(2 e

S (1) K (2 K- (3) ke (L) k- - (5) koo (B -xo- (7] K- (8} %

CCCLCCCCCCCLLCCCCOCCCCCCOLCTELCCCLCCLCLECOnOCnne

Cw----- H-m - m - - - R K-m o - m e Ko mm - - - - *® - Bk L x
[ * * x * * * X x
Cx 4 * 3 £ 2 E3 2 ¥ 2 *® 2 *® 2 % 3 L3
Cx * * * * X L3 x *
CH--n-- LR it R Kowowoww o - *---- - L Koo m K- - oo x
{x * * * * ® * ¥ X
Cx 3 x 1 = 1 =» P3  * pP3 % 1 % 1 x 2
Cx * *® * * * * * *
C®-=---- R e R . I L R L *
C* * x * x * * * *
Cx 2 x 1 x Pz x pz =x P2 x p2 = 1 % 1 %
Cx x * * * x * * *
Cx----- e Hmwm o - L L R L K- - - -~ X
Cx x* * * * * % x *
Cx 2 % P3 % P2 x P2 x Woox P2 % P2 x 1
Cx * * * * * * X x
Lke - - - Mo—o - ma L Mmmm e Ho- - - - *--- - - - Homomow s - L L]
Cx x x * * * * * *
Cx 2 x P3  x P2 = W% Pz = P1 = Pz = 1 =*
C*® * * * * ® ® * *
C®----- ] R R R K---- - R Mommm e m o *
C# * X 3 * * * * *®
C¥ 2 x 10X [ pz =% P1 % P1 x P2 x 1 %
{x * * * ® 3 E ® X
Cx----- L L R ] L LR R X------- *
X * * * * * x
LI 1 = 1 = pz  x P2 = P2 % 1 1 0=
* * * * * * * * *
*----- LR L X--- - * R BRI L R ] *
* X * x * % * * *
* 3 % 2 1 * 1 x 1T % 1 x 1 x 2 ®
*® * x * * * * *
Be oo - ¥----- - L L K- L Hemooo oo L *
L e e e e e e e *
(397) NOTES W : WATER ROD { P : MIXED-OXDE FUEL ROD
CCCCCCC : CONTROL ROD
C
C
C
C
_______________________________________________________________ *
THE NUMBER INDICATES ENRLCHMENTS OR CONTENTS 0OF PU.
Un-2 FUEL ROD !/ MIXED-OXIDE FUEL ROD
NO ENRICHMENT NO. CONTENT 0OF PU.
1 : HIGH ENRICHED F1 1 HIGH LONTENT
2 : MEDIUM C(HIGH) ENRICHED P2 : MEDIUM CONTENT
3 ¢ MEDIUM (LOW)> EMNRICHED P3 1 LOW CONTENT
4 LOW ENRICHED
________________________________________________________________ ®
(588) REMARKS FOR SPECIFICATIONS OF RODS, REFER FON-120009.
_______________________________________________________________ *
(989> REFERENCES YGSHINOBU TAKAHASHI, *TSURUGA MO0X FUEL UTILIZATION PROGRAM’ (IN
JAP.Y, J.AESJ, 28(3) PP,203-208 (MAR., 1986). (P.205).
________________________________________________________________ %

— 45— D27




<% 120009 %>

100
11
12
13
14)
159
20
11
213
15)
300
31
32
337
40
423
43)
44
517
522
532

= T = T e T T T T U

(987) N

(939} R

JAERI-M 86-101

wx%  [UEL PERFORMANCE DATA  xxx* DATE = 86-05

PELLET
OUTER DIAMETER, (LM
ITNNER DIBMETER, (LM
LENGTH, (CH)
DENSITY, (£T)
MATERIAL

CLADDING
OUTER DIAMETER, C(EMD
THICKKNESS, (MM
MATERIAL

FUEL ROD
ACTIVE LENGTH, (M3

PELLET-CLADDING CLEARANCE, (MM
VOLUME RATIO OF PLENUM
MAX. LHGR (KW/M)
MAX, PELLET TEMPERATURE, (0EG-T)
AT DESIGN LHGR
MAX, CLADDING SURFALE TEMP(DEG-Q)
FUEL ASSEMBLY TOTAL LENGTH-x%, (M)
ENRICHMENT - %%, %)
WATER ROD

0TES

EFERENCES

BWR

3x8

WR(2)

ST,

S(2y-k-m= (I k- o-(4) koo - (5) ke

SUMMARY OF MIXED-OXIDE FUEL DESIGN PARAMETER - BWR -

Uo-2 HOD -x- MOx ROD A

yo-2,u02-

1.23
G.86
IRY-2, RX

3.6%
0.24

GD203

1.03
0.36
1.0
as
unz-punz

1.23
0.86
IRY-2, RX

-% ¢ INCLUDING & LIFTING-HANDLE.
k¥ ASSEMBLY AVERAGE.

[SIF]

5 4+ PUZ39 +PUR41/(U-TOTAL + PU-TOTAL?

--(6)-

®x&PAGE®® (D- 28)

*% 120009 =%

¥ - (7)-%---(8)-%

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o m e e m e m e mm— - g

SEL FDN-1

20008.

m,46._
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*%%  FUEL PERFORMANCE DATA

FUEL FABRICATION QUALLTY CONTROL

JAERI-M 86-101

FLOW CHART

KK

DATE = 86-05

-[HTER RAMP-

*%P A

GEx» (D- 29)

®k 130001 =«

R K IR K K HOK ORI MK S IOR O K KOK S KK KR MK KK KK R OK R KKK MR K K R KK O KR R R KR R

(1) FUEL FABRICATIGN FLOW CHART

REMARKS

I
t
i

|
I
|
|
i
}
I
|

!
|
I
|
|
I
I
|
I

|

REFERENCE

STURVIK
INTER-R?P
COMHCN
DATA

Tl E (2D K- (B e - (A k- (5) k- (B K- (7Y -%-- - (B)-%
FOWDER PINGOT TBAR STOCK tWIRE STOC
- I-t--- L i I
- 5URFACE AREA bl -CHEMLSTRY I I-DIMENSION | 1
b-SLEVING I 1-CORROSION I I-CHEMISTRY 1
I-BULK DENSITY | I I-PHYSICAL 1o
I -CHEMISTRY | TUBING I I-MECHANICAL !
I-MOLS5TURE 1-1---- I P-ULTRASONIC |
I-ISOTOFLC COMP. | I-BIMENSION b I-CORROSION |
I-PERFORMANCE TEST I-PHYSICAL l 1
| -CHEMLISTRY IEND PLUG [
1-MECHANICAL [=i=m=--- I
PELLETS 1-ULTRASONLC I I-DIMENSICNI 1 I
R | -CORROSION I 1-PHYSICAL Pl
[-DIMENSION 1 I
| -DENSIIY Fommmmmeeme o Fo--- - tokreo-- |
I-CHEMLSTRY -WELD oo +
i1-MOISTURE QUALIFICATION
I-STRUCTURE B i I-DIMENSION
F-GEOMETRY I-X-RAY I-CHEMISTRY
I-GAS ANALYSIS I-DIMENSION I -PHYSICAL

PELLET STACK

1-LENGTH
I-PHOTOGRAPHY

I-HETALLOGRAPHY

i
!
I
I
]
!
¥-
!
!
|
|
|
1
|
|
|
]
!
I
1

---+-+FUEL ROD

TLOADING

1-XRAY
I-DIMENSION
b-LEAK TEST
I-VISUAL
1-WEIGHT

I-IDENTIFICATIODN

P-MOISTURE

TRUALITY I
{ASESSMENT!

STIR-53 FIGURE 7.1

_.474ﬁ

| -MECHANTCAL
1
1
i

ISPRING
[=1----

I -GIWENSION
I -MECHANICAL
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FLOW CHERT

D-30

xEw

JAERI[-M 86-101

FUEL PERFORMANLCE DATA wwx GATE = 86-05

OVERALL FLOW SCHEME FUR THE [NTER-RAMP EXPERIMENTAL FUEL

FABRICATION AND FABRICATI

**kPAGEx* (D- 30)

xx 130002 ==

ON CONTROL

EEXNRK M A R R KEX RN ERE RN NERREEN KR RN KK E R R KRR A KK A KE RN A KR

ST

UbviK

INTER-RP
CORMON
0ATA

LSS RN PETEERY S S P

{4y (5)-E- - (B) %o (7)o - (B)-®

KERXELEF FEREEXERAKKXETRE FEKKAFHFRKRKE ERNEXEAXRAKR XEEXEXETLERENK

*EHD PRUG*MOLD DOWN SPRING*ZIR-2 TUBING*UD-?2 PELLET*SPACER PELLET

EX K| AERK KRR | XAXAATRRE REXRE | XK KKK | RXXEKKE KEKKEERK | KRERRK

I
i
i S RREEEEEE
I

ROD MANUFACTURING

SUPPLIER INSPECTION: SUPPLIER INSPECTION:

I *13
t
|
ROD RELEIVING INSPECTION:
- LOENTIFICATION
- CERTIFLICATE CONTROL
- CHEMICAL COMPOSITION
- MECHANICAL PROPERTIES
STRUCTURE
- CORROSION PROPERTIES
DETECT CONTRGL
DIMENSIONS
I
t
ENDG CAP MANUFACTURING
(SUBCONTRACTOR) =2)
|
|
DIHENSIONAL CONTROL
|
[
MARKING
[
CLEANING
1
|
REF. MATERIAL SAMPLING

I

|

|

|

1

I TUBE HANUFACTURING
| SUPPLIER INSPECTION
| | *4)

| |

I |

I RECELVLING INSPECT:
I - IDENTLFICATION

I - HARKING

I - DEVECT CONYROL
I~ OQUTSIDE DIAMETER
1 [NSIDE DIAMETER
I - WALL TIlICKNESS

| VISUAL INSPECTION
1 CHEMICAL

_.484ﬁ

WIRE MANUFACTURING

! I x5) LEEEES

i
i
|
Io*3)
| 1
i 1
RECEIVING CONTROL |
- IDENTIFECATION 1
- CERTIFICATE CONTRGL §
-~ CHEMICALCOMPOSITIGN
- STRULCTURE I
- VISUAL INSPECTION |
- BEND TEST
- WIRE BLAMETER |
i |
I l
COLLING |
i |
i |
ENDTRIMMING |
b |
b I
CLEANING
| |
1 |
ANNEAL NG |
| [
[ i
WSTABLISH:
- QUTSIDE COIL DILA. |
- COIL LENGTH 1
- WIRE DIAMETER !
- WEIGHT
- SPRING CONSTANT b
1 |
1 !
REF. MATERIAL SAMPLING |
L
l
4

L I I +
| LR +
| |

ug2?2 POWDER LAD

HANUFACTURING MANUFACYURING

SUPPLIER INSPECTION GSTABLLIZEDL ZRO2
1 POWDER=T>

| |
RECEIVING INSPECT: SUPPLYER INSPECT:

- IDENTIFICATION - CHEM.PROPERTIES
- CERTIFICATE - PARTICLE SIZE
CONTROL |

I i
) RECELIVING INSPECT

POWDER BLEHNDING: -CHEM. COMPOSTIONW
- BLENDING
- PERFORMANCE LUBRLCANT
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JAERI-M 86-101

I COMPOSITLION
I - CORROSION DROP
I - STRUCTURE

b - STRUCTURE

! CORROSION FILM
1 INTERFACE

I - TEXTURE

1 MEASUREMENT
1 l

1 |

I PREP.OF CLADDING:
I - CUTTING LLNGTH
I~ LENGTH CONTROL
I - CUTTING AND

! HASKING

I - DYE PENETRANT
i FEST

I - YISUAL CONTROL
1 CLEANING

1 i

| |

I INSERTION OF BOVIOM
1 END PLUG

1 1

! 1

I WELDING

b I

! |

I WELD CONTROL

b (X-RAYD

b b

i 1

b OFINAL LENGTH CUTTING
I -

I |

I FINAL LENGTH

b CONTROL

1 |

i 1

I REF.MATERIAL

i SAMPLLING

1

I

b

§

I

I

b

1

i

I

i

i

l

|

I

|

1

|

|

|

|

1

|

I

I

|

I

|

I
1
PRESSING:
- HYDRAYLIC PRESSING
- PROCESS CONTROL
MEASUREMENT
(HEEGHT
DENSLTY
PERPENDICULARILITY
DIAMETER
0ISH DEPTH
OISH DIAMETER
WELGHT
VISUAL CONTROL?
t
b
SINTERING
- SINTER AT 1700
DEG-C HOURS
- PRESS CONTROL
JIMENSIONS
IMMENSTION DENSITY
b
|
CENTERLESS GRINDING
b
1
FINAL INSPECTION;
- PELLETS LENGTH
- PELLETS DIAMETER
- PELLETS
PERPENDICULARITY
- DLSH DEPTH
- DISH DIAMETER
- SHOULDER
- WEIGHI
- DENSITY
- CHEM. COMP.
- MOISTURE
~ SURFACE ROUGHNESS
- TOTAL GAS ANALYSIS
- DENSITY SYABILITY
- METALLOGRAPhHY
i
|
REF. MATERIAL
SAMPLING

FUEL STACK MAKE-UP

- WEIGHY

- LENGTH

- VISUAL CONTROL

- FISSILE LOAD CALC,
FHOTGGRAPHY

LBADING
|
1

**¥PAGEx=x (U- 31D

BLENDING
|
PRE-PRESSING
!
i
GRANULATION
b
|
PRESSING
|
|
SINTERING
|
i
FINAL INSPECTION
- DENWSITY
- COMPRESSIVE
STRENGTH
- DIAMETER
- LENGTH
- WEIGHT
- VISUAL
EXAMINATION
METALLOGRAPHY
EXAMINATION
|
1
ORYING
|
|
MOLSTURE CONTROL
1
1
CHEMICAL
COMPOSITION
I
I
TOTAL GAS
ANALLSIS
|
|
REF. MATERLAL
SAMPLING

CONTROL GF PLENUM LENGTH

CUT HOLD DOWN SPRING
1
1

CONTROL OF SPRING LENGTH

I
I
INSERTION OF SPRING



(79) HEMARKS

(80) REFERENCE

KKK

JAERI-M B86-10t

FUEL PERFORMANCE DATA  xwx DATE = B6-05 **¥PAGEx% (D- 32)

*x1)
*2)
x3)
x4)
x5}

*h)
*7)

TOP END PLUG INSERTION
EB‘WELBING
RDg DRYINGC(SPECIAL AA PROCEDURE)
SE%L WELDING
X*éAY WELD CONTROL
HE‘LEQK TESTING
MU;STURE ANALYSISCFINISHED ROD SAMPLED
VIéUAL INSPECTIONCWELDS, SURFACES)
SMéAR TEST
FIiL GAS ANALYSIS
PAéKING(RODS,ARCHIVE MATERIAL)
DUéUMENTATlOH

RELEASE FéR TRANSPORT 70 STUDSVIK

MATERIAL PRODUCER: PECHINEY UGINE KUHLMANN,FRANCE.
SUBCONTRACTOR: WILLO MASKINAKTIEBOLAG,VAXJD,SWEDEN.
SUPPLIER: SANDVYIK AB,SWEDEN.

TUBE MANUFACTURER: SANDVIK SPECIAL METALS,.KENNEWICK,USA.
PROCESS SCHEME APPLIES ALSO TD UND2 PELLETS (WITH SOME
MINOR DEVIATIONSD

U02 FUEL POWDER PRODUCE: REAKTORBRENNSTOFFUNON,HANSU,FRG.
POWDER SUPPLIER: HARBINSON AND WALKER,ENGLAND.

STIR-53 FIGURE 7.3



<¥ 130003 *>

(1)
2)
(3
(4)

(62

(7
{8
(8
(10}

(112
123
(133
(14)

(13
{18)
{17)
(18,
(19

20
21
22
(23>
(247
(257
263
27
(28)

(297
30
31>
32
35
(343

(353
(363
(37)
(38)
(39)

40)
(412
{42

(433
(44)

(75

4:10D)

kX R

FUEL RGD
OVERALL LENGTH (MM
DIAMETER (MM)

FUEL STACK HEIGHT (MM)

FUEL PERFORMANLCE DATA  sxx

FUEL ROD COMPONENTS AND SPECIFICATIONS

NOMINAL PLENUM CHAMBER L. {(MM)

NUMBER OF PELLETS PER ROD

FUEL/CLAD DIAMETRAL GAPS (MM)

FILL GAS COMPOSITION
PRESSURE (NOMINALDY

PLENUM CHAMBER (DESLGN TARGET)

CLAD
MATERIAL
DIAMETER DUTSIDE (MM)
INSIDE (HM)

CLAD WALL THICK. (MM
NOMINAL SURFACE ROUOUGH. (MIC.
OVALITY

ECCENTRICITY

GRAIN SIZE

FUEL
MATERIAL
ENRICHMENT
PELLET SINTERED DENSITY
PELLET DIAMETER (MM3
B0 MICRON-M GAP ENRICHED
150 MICRON-M GAP ENRICHED
250 MICRON-M GAP ENRICHED
250 MICRON-M GAP NATURAL

PELLET LENGTH (MM}

DISH DIMENSION DEPTH (MM)
DIAMETER (NOMIKAL) (MM}
SHOULDER WIDTH (MM)
RADIUS OF SPHERE(NOMINAL)D

NOMINAL SURFACE FIMISH

NON-FUELLED SPACER PELCLET

L

UGz
uoz2
uoz
uogz

M3

MATERIAL

DIAMETER (MM)
LENGTH (MM)
DENSITY (GM/DM*%3 )

FUEL STACK HOLBDOWN SPRING
MATERIAL .
LOAD (DESIGN TARGET:

END PLUGS
HATERIAL

REMARKS

REFERENCE

JAERI-M 86-101

~IHTER RAMP-

DATE

= 86-05 ®#XPAGExx (D- 33)

*% 130003 »x

(EXTRACTED FROM AND SUPERSEEDED DY MANUFACTURING DRAWING)

R OKH K KK K K OK K K R KK K HOK K K8 K KR oK K KK K KR KKK K KKK K K K K K K KO
STUDVIK
INTER-RP

COMMON
DATA

RGO R e P EL TS

(4%~

2 NATURAL HD2 PELLETS

0.015

538 +- 1.2

12.52 +- 0.05

425 +- 5 TOTAL STALK

403 - T ENRICHED PELLETS
493

31 - 35 TOTAL STACK

29 - 33 ENRICHED PELLETS
0.080, 0.150, AND 0,250 +-

> 97 % HE

1 ATM

TO ACCUMODATE ALL RELEASED FISSION GASES AT BURNUP LEVELS

UP 70 20000 Myp/TU

ZIRCALDY 2
12.52 +- D.05
10,795 +- 0.040

0.864 +- 10 %
0.8

NGOT SPECIFIED
NOT SPECIFIED
NOT SPECIFIED

uoz

0.7, 2.8, AND 3.5 W/0 U-235/U-T

85.0 +1 -0.5 % TD 93.0 +1
(TUBE ID - 0.080) +- 0.015
(TUBE ID - 0.150) +- 0,015
(TUBE ID - 0.250) +- 0.015
(TUBE 1D - 0.250) +- 0,015
13 +- 1

0.26 +- 0.05

8.2

0.75

31.86

RA 1.5 MICRON-#

ZRO2 - (4.0 - 5.0) W/0 CACQ
10.40 +- 0,15

5 +- 1

5.2 +- 0.4

STAINLESS STEEL SI1S-2331
2 X WEIGHT OF FUEL S§TACK +-

STIR-53 TABLE 3

0.3 %2 7D

T(S) A (B) K- (7Y%= (B)-%



JAERI-M 86-101

®xx  FUEL PERFORMANCE DATA  xxx DATE = 86-05 **PAGER® (D- 345

<* 130004 %> ROD DESIGNATION - CHARACTERISTIC SETS OUF PARAMETER VALUES *% 130004 ==

KKK KNS KR 3K 30K o KK K K KR K R SR KKK 3K KR SR K KK K HOK OH K K K KR O K
STUDVIK
INTER-RP
COMMON
DATA

T (L) K - () k- () ke (4 R (SR - (B -%- - (T)-%---(R)-%

(1> ROD DESIGNATION Hs LS T$ BR HR OR LR "
(2) NUMBER GF RODS 4 5 2 2 E 2 7 2
3 NO. OF RODS IN ARCHIVE 1 1 1 1 1 1 2 1
(113 FUEL/CLAD DIAMETER GAP(MICRON-M3 150. 150. 80Q. 250. 150. 150. 150. 80.
€12) GAP TOLERANCF <oc- PM 15 (MICRON-M) ----- x
(143 CLAD HEAT TREATHENT SR SR SR R¥ RX Ry RX &x
€15) FUEL DENSITY (XTD) 95, us, g5. 95, 95, 'ER 95, 95,
(163 DENSITY TOLERANCE Soe- v 1, - 0.5 CETDY oo
(17) FUEL ENRICHMENT (% U-235) 3.5 2.8 2.8 3.5 3.5 2.8 2.8 2.8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(79) REMARKS SR: STRESS RELLEVED CLADDING/ RX: RECRYSTALLLIZED CLADDING.
SR: TUBE LOT NO. 7AH1L-H 7 R¥: TUBE LOT NQ. 7AH11-5.
______________________________________________________________ %
(80) REFERENCE STIR-4, P.-5, 12. TABLE 2
<% 130005 #> DRAWINGS REFERENCE - PCLLET, FUEL ROD, ASSEMBLY, PARTS -x *% 130005 *x
STUDVIK
INTER-RP
COMMON
DATA
________________________________________________________________ %
(1) PELLET *x [NTERRAMP PROJECT FUEL ROD DESIGN #x
(11 FUEL ROD ¥ FIG. 2, §TIR-4, P-9 *%
_______________________________________________________________ .



<k 130006 %>

{2

3

(1063
(11)
(12
113
{100

(15
(16)
()
(18}
(193
(202

021
22y
(233
(257
(273
28
(29)

30

[ H]

(80>

k%

TEST FUEL ROD DATA

BIRP RIG NO,

ROG NC.

ROD IDENTEIFICATION

CLADDING TYPE

Ut 2 ENRICHMENT ()

WO. GF ENRICHED PELLETS

Uo 2 TOV. PELLET COLUMN L. (HM)
U02 ENRICHED PELLET COLUMN L (MM}
SPACER PELLET LLNGTH (HMM2

NO. OF ENRICHED PELLETS

CLADDING
CLADDING
CLADDING
CLADDING
CLADDING
CLADDING

OUTER
OUTER
INNER DIA.

DIA.
DIA.

MIN
MAX

(HM)
(MM)
MIN (MM) =*1)
INNER DIA. MAX (HM) x1)
WALL THICK. MIN (MM)x2)
WALL THICKNESS MAX (MM)

*1)
*1)

U0 2 PELLET DIAMETER MIN

YO 2 PELLET DIAMETER MAX

DIAMETRAL PELLET CLABDING
MIN (MM) =x4)

DIAMETRAL PELLET CLADDING GAP
MAX {MM) =x4)

(MM)
(MM)
GAP

*3

U0 2 TOTAL FUEL WEIGHT (GRAM)
U0 2 ENRICHED FUEL WEIGHT {(GRAM
ENRICHED PELLET DENSITY
MIN. (G/CMx%3) *5)
ENRICHED PELLET DENSITY
MAX., (G/CHM®%3) *5)

REMARKS

REFERENCES

FUEL PERFORMANCE DATA

~IHTER RaMP

JAERI-M 88-10t

b >4

LR,LS5,TR-

DATE = 8b-05

®APAGEx® (D- 35}

®* 130006 *%

KK RO KKK R O K O 0K KK K KR KK KR OK K K KR KK KK K SR KK K KRR
STUDVIK
INTER-RF
COMMON
DATA

S () ke (2) ke (B ke

(4)-%---(5)-%---(§)-%--

STk (8) - x

3 1 i 1 3 3 3 3
_________________________________________________________________ x
1 2 3 4 5 & 7 8
LR LR? LR3 LR4 LRS LS Ls2 TR1
RX RX RX RX RY SR SR RX
2.82  2.82 2,82  2.82  2.82 .82 ° 2.82  2.82
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
31 i1 3t 31 31 31 31 31
4U6.8  &27.2  426.4  426.6  426.8  426.2  425.8  478.0
400.8  401.0  400.8  400.9  400.9  400.5  400.0  402.0
5.2 5.3 5.1 5.1 5.3 5.0 5.2 5.1
42.1  41.6 4206 42.5  42.0 42,8 43,1 40.9
_________________________________________________________________ *
12.530  12.515 12,525 12.525 12.530 12.525 12.520 12.535
12,545 12.520 12.530 12,535 12.535 12.530 12.520 12.545
10.799  10.795 10.780 10.785 10.785 10.775 10.775 1¢.790
10.800 10.805 10.805 10.800 10.800 10.805 10.805 10.305
0.845  ©0.835  0.845 0.860 C.845  0.850 0.835  0.845
0.885 0.880 ©0.885 0.§80 0.880 0.875 C.875  0.890
______________________________________________________________ *
10.635 10.640 10,641 10.640 10.639 16.633 10.635 10.691
10.650 10.855 10.654 10.554 10.456 10.552 10.850 10.716
0.144  D.145  0.138  0.134 0,139 0.132 0.130 0.079
0.161  0.159  0.158  0.153 0,154 0.154 0.170 0.114
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
383.0 389.9  389.1 388.9 389.4 387.9  388.3  394.3
365.6  366.3  365.9  365.9 366.1 364.7  365.2  371.0
10.328 10.36t 10,337 10.315 10.312 10.296 10.342 16.292
10.434  10.423 10.434 10.414 10.430 16.416 16.424 10.419
________________________________________________________________ <
x1) FROM MEASUREMENTS AT 2 GENERATORS AND 10 AX1AL POSITIONS.
*2) FROM MEASUREMENTS ONLY AT THE TUBING ENDS.
*3) FROM MEASUREMENTS ON ALL ENRICHED PELLETS.
x4) CALCLELATED FROM NEASUREMENTS OF PELLET DIAMETERS AND
CLADDING TUBE INNER BIAMETER AT § AXIAL POSITIONS.
5) GEDMETRIC DENSLTY DETERMINATION.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
STIR-53 TABLE-7
—53 - D—-35



<# 130007 %>

(1

(37

(43

a2
112
12>
13>
(142

{157
(163
«“mn
(18>
(s
200

21
(22
(23)
(25)
273
(283
(295

(31

(79)

(80

Xk K

TESY FUEL ROD DATA

BIRP RIG NO.

ROD KD,

ROD IDENTIFICATION

CLADDING TYPE

Ug 2 ENRICHMENT (%)

NO. OF ENMRICHED PELLETS

ug 2 TOT. PELLET COLUMN L. (MM
U02 ENRICHED PELLET COLUMN L{MM)
SPACER PELLET LENGTH (HMM)
FISSION 5A5 PLENUM LENGTH (MM}
CLABDING
CLADDING
CLADDING
CLADDLING
CLADDING
CLADDING

QUTER
OUTER
INNER DIA.

DIA.
RIA.

HIN
MAX

(MM)
(MM)
MIN (MM) *1)
ENNER DLA. MAX (MM) *1)
WALL THICK, MIN C(MMIx2)
WALL THICKMESS MAX (MM

*1)
*1)

U0 2 PELLET OIAMETER MIN C(HMD
{0 2 PELLET DIAMETER HMAX (MM
DIAMETRAL PELLET CLADDING GAP
MIK (MM) %43

DIAMETRAL PELLET CLADDING GAP
MAX (MM x43

*3

UG 2 TOTAL FUEL WEIGHT (GRAM)

UG 2 ENRICHED FUEL WEIGHT (GRAMD
ENRICHED PELLET DENSITY
MIN., (G/CM*%3) %5)

ENRICHED PELLET DEKRSITY
MAY. (G/CM%x3) x53)

REMARKS

REFERENCES

JTA

FUEL PERFORMANCE DATA

~INTER RAMR

ERI-M 86-101

*xx DATE = 885-05

LS, 75, DR HR-

*HPA

GExx (G- 363

% 130007 x%

EL TR SRS SRS PRSI ST ER SRR ESSESSEEIERSFIPEELESSSS OSSR S

31
427,
401.

x1)
%23
*3)
*£4)

STUDVIK
INTER-RP
COMMON
DATA

2 2
15 16
HR4 - HRS
RX RX
3.50 3.50
31 31
426.8 4270
400.9 400.9
5.3 5.3
42.72 42.0
12.540 12.530
12.555 12.540
1.770  1G.770
10.800 10,800
0,845 G.845
0.895 G.880
X
10.638 10.623
10.655 10.6356
B.121 G.123
D154 0.157
*
388.4 388.6
365.4 365.3
10,336  10.317
10.444 10.384

POSITIONS.

Yok ()Mo= (3 k- (AR (52 k- (B)-E---(7)-w--- {B)-%
__________________________________________________________________ %
5 5 5 2 2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
10 11 12 13 14
3 LS54 781 DR1 WR2 HR3
SR RX RX RX RX
82 2.82 2.82 .82 3.50 3.50
___________________________________________________________________ x
31 31 31 31 31
1 427,84  438.2  427.3 426.8  426.7
&  401.7 402.0  401.3  400.9  400.8
2 5.0 5.2 5.2 5.2 5.3
8 41.7 40.5 a1.4  42.2 41.8
__________________________________________________________________ %
525 12.525 12.515 12,525 12.520 12.525
535 17.535 12.520 12.530 12.530 12.540
775 10.735 10.790 10.785 10,790 1G.785
800 10.805 10.810 10.800 10.820 10.795
845  0.840  0.840 0.835 0.830  0.840
875 0.875 0.865 0.880 0.875  0.880
638 10,633 10.703 10.640 10.623 10.63%
§52 10.651 10.717 10.651 10.654 10.653
133 0.149  0.085 0.135 0.137 0.138
12  0.160 0.102 0.149 0.175  0.152
$ 389.3 394.7 38i.6 388.2  388.5
0 386.3 371.3  35B.3  365.1  385.3
332 10.334 10.306 19.155 10.29% 10.328
404 10,417 10.424 10.195 10.377 10.373
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
FROM MEASUREMENTS AT 2 GENERATORS AND 10 AXIAL
FROM MEASUREMENTS GNLY AT THE TUBING EWDS.
FROM MEASUREMENTS ON ALL ENRICHED PELLETS.
CALCULATED FROM MEASUREMENTS OF PELLET DIAMETERS AND
CLADDING TUBE INNER DIAMETER AT & AXIAL POSITIONS.
GEOMETRIC DENSITY DETERMINATION.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
R-53 TABL-T

STI

g,544g



JAERI-M 86-101

xx% FUEL PERFORMANCE DATA ®xx DATE = 86-053 *¥PAGExx (D- 377

<* 130008 #> TEST FUEL ROD DATA -INTER RAMP  H3,BR- *% 130008 xx

K KR KK KK K KKK K OK SK KR KK K 3K  R IKHCKEKOK SKK KOK KKK KOK O KOK K R KO KO
STUDVIK
INTER-RP
COMMON
DATA

R B e e R R R IR AR D e 0 R e i e R SO

(1) BIRP RIG NO. 4 4 4 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, xR
2 ROD NO. 17 18 19 20
3y  ROD IDENTIFICATION HS1 HS?2 H53 BR1
(43 TCLADDING TYPE SR SR SR RX
(53 U0 2 ENRLICHMENT (%) 3.50 3.50 3.50 3,50
P R R I
! (10) NO. OF ENRICHED PELLETS 30 30 31 30
(11) U0 2 TOT. PELLET COLUMN L. (MM) 425.72 425.0 427.0 423.3
(123 UD2 ENRICHED PELLET COLUMN L(MM) 399.1 3939.0 401.0 39r.0
(133 SPACER PELLET LENGTH (MM} 5.3 5.2 5.3 5.3
(14) FISSION GAS PLENUM LENGTH (MM) 43.5 44,0 41.8 45.9

(153 CLADDING OQUTER DIA. MIN (MM3 x1) 12.530 12,530 12.525 12.540
(16> CLADDING CUTER DIA. MAX (MM) *x1) 12.53% 12.535 12.525 12.550
C17) CLADDING [NNER DIA, MIN (MM) =12 10.780 10.7385 10.780 10.730
i (18) CLADDING INWER DIA., MAX (MM) %1) 10.79% 10.800 10.795 10.800
| (19 CLADDING WALL THICK, MIN (MM)%2) 0.840 0.840 0.835 0.845
(20) CLADDING WALL THICKNESS MAX (MM) 0.880 0.835% 0.880 0.890

(21> UC 2 PELLET DIAMETER MIN (MM} %3 10.631 10.633 10.630 10.531

(223 U0 2 PELLET DIAMETER MAX (MM) 10.651 10.651 10.649% 10.551

(23> DIAMETRAL PELLET CLADDING GAP 0.1386 Q.135 0.136 0.229
MIN (MM) =43

(25> DIAMETRAL PELLET CLADDING GAP 0154 0.159 0.158 0.253

MAX (MM) %43

(27> UD 2 TOTAL FUEL WEIGHT (GRAM) 386.8 286.5 388.0 377.3

(28) U0 2 ENRICHED FUEL WEIGHT (GRAM) 363.5 363.3 364.8 354.0

(29) ENRICHED PELLET DENSITY 10.327 10.309 10.291 10.287
MIN. (G/CM®%3) *5)

(31 ENRICHED PELLET DENSITY 10.370 10.364 10.366 10.359

MAX. (G/CMx%3) *x5)

(79> REMARKS
x1) FROM MEASUREMENTS AT 2 GENERATORS AND 10 AXIAL POSITIONS.
#2) FROM MEASUREMENTS ONLY AT THE TUBING ENDS.
#3) FROM MEASUREMENTS ON ALL ENRICHED PELLETS.
*4) CALCULATED FROM MEASUREMENTS OF PELLET DIAMETERS AND
CLADDING TUBE INNER DIAMETER AT 8 AXIAL POSITIONS.
#5) GEOMETRIC DENSITY OCTERMINATICN,

(80> REFERENCES STIR-53 TABLE-7

—55 — D —-37



< 130009 *>

(2
(3)
{4)
{5
{6}
[
(8)

T,

30

<% 130010 *>

2}

3
(47
(5
(61

o
8)
(92
10
(1
£12)
(132
(14}
(15}

16)
(17
18>
19
200
(21

(73)

807

D-—38

JAERI-M 86-101

xx% FUEL PERFORMANCE DATA

ROD NO.
EXTERNAL LENGTH A) (MM
By (MM
PLENUM CHAMBER LENGTH (MM
[OP NAT PELLET HEIGHT (MM
ENRICHED FUEL STACK HEIGHT (MM)
LOWER NAT PELLET HEIGT (HM)
WEIGHT QF ROD (GRAM)FS
REMARKS
REFERENCES

TEST NAME

ROD  NAME

CLADDING OUTER DIA. (MM)
INNER DIA. (MM
THICKNESS (MM}
GAP (MM)

PELLET DUTER DIA. (MM

INKER DIA. (MM)
LENGTH (MM?

L / 0 (LENGTH / DIA.D

J-235 ENRICHMENT .

DENSITY/THEORITICAL DENSITY
DISH DIA. (MM)
DISH DEPTH (MM
CHAMFER (MM

PLENUM VOLUME(10%%x2 MM*x3)
INITIAL GAS PRESSURE (MPAZ
INITIAL GAS CONPOSITION
PELLET TOTAL WEIGHT {GRAM)

STACK LENGTH (HMY
BURNUP (GWo/iT)H
REMARKS

REFERENCE

TEST ROD DIMENSIONS AND WEIGHTS

-INTER RAMP

*E - DATE = 86-05 #xPAGExx (D- 33)

LR- ®k 130009 xx

:k****xx#xxxx:«*x**:&:*»**x*x:«xxm*#*******m«x:«x*#**x*:kxxxm*x*a:x::*xmxx

STUDVIK
INTER-RP
COMMON
DATA

C oo (1) M- (D) -K-—-(3) K- - (&) K- (5] e (B) - (T k- (B) X

400

532

EX
Al
LR

5T

R1 LR2 L
.98 528.06 527,
.00 573.15 572
.9 41.6 42,
.99 13,1238 13

.69 400,81 400,

.0 531.7 531.

TERNAL LENGTH.
LENGTH OF TEST
LENGHT OF TEST

IR-5 TABLE-1

INTER RAMR FUEL RODS SPECIFICATION -LR,LS, TR

97 528.01
.87 573,01
5 42.3
.02 12.83
45 400.7
.91 12.93
3 532.2

ROD ONLY BETWEEN THE FLAT END FACES,AT 20 L.
ROD WITH EXTENSIONS, AT 20 C.

®% 130010 =x

***********#***********X***************K***********X**********‘#X

SRR

1) k- (ko C

0 13.0 13
272 1.22 1
0282 0.0282 0
95 0.95 0
57 8.52 8
24 0.24 Q

STHDVIK
INTER-RP
COMMON
DATA

T)-Reo- (4) Ao {5y X (E)-k---(F)-K---(BY-X

xx INTER RAMP (BWR) *x

13.0 13.0 13.0 13.0 13.0
22 1.22 1.22 1,22 1.22 1,27
0282 0.0282 0.0282 0.0282 0.0282 0.0282
.95 0.985 0.%5 0.85 0.95 .95
.52 §.54 8.52 83.52 8.52 8.50
24 0.24 0.24 0.24 .24 0.24
______________________________________________________________ - %
79 3.78 3.74 3.81 3.94 3.75
101 0.101 0,101 0.101 0.101 0.101
HE HE HE HE HE
15 371.46 371.25 371.15 371.01 374.04
8 11.3 9.6 10.0 11.4 11.0
_______________________________________________________________ M
________________________________________________________________ %



JAERI-M 86-101

®x%  FUEL PERFORMANCE DATA  wxx BATE = 86-05 x#PAGEx* (D- 393

<* 130011 %> INTER RaAMP FUEL RODS SPECIFICATICN -L5,TS,0R,HR- wx 130011 *xx

KR KK R KK K KR KK R IK K K K R SRR SKOK R KR KOK KK SR SK K ROK KK KKK R K K KR KK KRR K R KO R R
STUDYVIK
INTER-RP
COMMON
0ATA

Se (1) K () -k (3) ko (4) koo (5) -k - (B K- (T)-%-on(B) %

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ¥
(1) TEST NAME xx INTER RAMP (BWR) wx
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(2> ROD NAME Ls3 154 51 DR1 HR? HR3 HR4 HRS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(33 CLADDING DUTER GIA. (MM 12,52  12.52 12,52  12.52 12.5%2 12,52 12,52  12.52
(4) INNER DIA.  (MMD 16.80 10.80 10.80  10.80 10.80 10.80  10.80  10.80
(33 THICKNESS (M) 0.86 0.86 .86 7.86 0.86 0.86 0.86 0.86
(6) GaPp (MH) 0.15 0.15 2.08 .15 G.13 0.15 0.15 0.08
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
€7)  PELLET GUTER D14,  (HM) 10.6525 10.645 10.6385 10.658 10.634 10.646 10.6525 10.55
(8) [NHER DIA,  (MM)
€9) LENGTH (MM) 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0
(10 L/ D CLENGTH / DLa.) 1,22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
(n U-235 ENRICHMENT 0.0282 0.,0282 0.0282 0.0282 0.035 0,035 0.035 0,035
€12) BENSITY/THEQORLTICAL DENSITY 0.95 .95 0.95 0.93 0.95 2.95 0.95 .95
(3N DISH DIA. (MM) .52 8.52 8.50 .29 8.56 8.56 8.56 8.56
(14) DISH DEPTH (HM) 0.2 0.24 0.25 0.27 0.22 .22 0.22 9.22
€13) CHAMFER (M)
............................................................... %
(16 PLENUM VOLUME(10%%2 MMx3) 3.81 3.71 3.65 3.80 3.88 3.72 3.86 3.83
(17)  INITIAL GAS PRESSURE (MPA) ©.101 6.101 ©0.101 0.101 ©0.101 ©0.101 0.101  0.101
(18> INITIAL GAS CONPOSITION HE HE HE HE HE HE HE HE
(19>  PELLET TOTAL WEIGKT  (GRAM) 371.18 370.69 374.25 363.74 369.89 370.73 3I71.18 371.01
€205 STACK LENGTH (HM)
(21>  BURNUP (GWD/T) 9.0 11.4 10.8 8.7 18.2 19.2 21.8 21.3
________________________________________________________________ x
(79>  REMARKS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %

(80> REFERENCE

57— D -39



JAERI-M 86-101

xxx  FUEL PERFORMANCE DATA  xxx - DATE = 86-03 *kPAGER® (D- 403

<% 130012 %> [NTER RAMP FUFL ROOS SPECIFICATION -HS,BR- *% 130012 xx

(3
{4
5)
14D

(7
87
9
€103
(11}
123
(13)
(145
(13)

(16)
(1
13)
(19
(20)
(21}

(79

am

TEST NAME

ROD  HAME

CLADDING OQUTER DIA., (MM}
INNER DI&, (MM)
THICKNESS (MM
LAP (MM)

PELLET QUTER DIa. (MH)

INKER DIA. (HM)
LENGTH (MM)

L/ D CLENGTH /7 DALY

U-235 ENRICHMENT

DENSITY/THEORITICAL DENSITY
DISH DIA.  (MM)
DISH DEFTH (MM}
CHAMFER (MM)

PLENUM VOLUMECTOx%7 MMxx3)
INITIAL GAS PRESSURE  (MPA)
INITIAL GAS CONPDSITICON
PELLET TOTAL WEIGHT (GRAM)

STACK LENGTH {MM)
BURNUP GWo/ T
REMARKS

REFERENCE

KRR R K KK R R KR K KKK R KK R KK R K KR R K KR OR K KRR KKK R KK K R KK K
STUDVIK
INTER-RP
COMMON
bATA

__________________________________________________________________ *
*% [NTER RAMP (BWR) =%
_________________________________________________________________ *
H§1 H5? H33 BR1

_______________________________________________________________ %
12.52 12.52 12.52 12.52

10.80 10.80 10.80 10.80

0.86 0.858 0.858 0.86

0.15 0.15 0.15 0.325
_________________________________________________________________ %
10.645 10,43 10.643 10.549

13.0 13.0 13.0 13.0

1.22 1.22 1.22 1.23

0.035 0.035 0.035 0.035

0.95 0.95 0.95 0.95

8.586 8.58 8.54 5.59

0,22 0.22 0.22 0.22
_______________________________________________________________ ®

3.98 4.0 3.72 4,19

0.101 0.101 0,101 0.101

HE HE HE HE
370.66 370,52 37D.52 364.0

21.2 18.2 19.2 21.9
________________________________________________________________ *
__________________________________________________________________ *



JAERI-M 86-101

xxk  FUEL PERFORMANCE DATA  *xx DATE = 85-05 x*PAGE** (D- 41)

<x 130013 x> DEMO RAMP FUEL RODS SPECIFLCATION -BWR (1)- *H 130013 =«

AR AR KK KK KRR R HOR K R OK KK KKK R R KRR K KR IR KR KK R ORI RO R R R R R KR KR
STUDVIXK
DEMO -RP
COMMON
DATA

STk () K () K- (4) - (B M- - () % - (T) M- - (B

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(1) TEST NAME xx DEMO  RAMP (BKR) xx
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, X
(2) ROD  NAME S30H 330H 831K 835K S27H  S36H S29H  538H
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(3) CLADDING OUTER DIA. (MM 1251 12,51 12,51 12.51  12.51  12.51  12.51 12,51
t4) INNER DL&. (HM) 10.805 10,805 10.805 10.805 10.805 10.805 10.805 10.80
s) THICKNESS (MM 0.86 0.26 0.85 0.8% .86 0.86 0.86 0.86
(6)  GAP (MM) 2.205  0.205  0.205  D0.205  0.205  0.205  ©0.205  0.20
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
(7) PELLET  OUTER DIA. (MM 10.60 10,60 10.60 10,60 10,80  10.80  10.580
&) INNER DIA. (MM
(9 LENGTH (M) 12.0 12.0 12.0 12.e . 12.0 2.0 12.0
1o L/ D CLENGTH / BIA.) 1.13 1.13 1,13 1.13 1.13 1.13 1.13
(D U-235 ENRICHMENT 0.0302 0.0302 0.0302 0.0302 0.0302 0.0302 0.03
¥ DENSITY/THEGRITLCAL DENSITY .96 9.96  ©0.96 0.96 0.96 0.96 G.96
(13 DISH DIA. (MM 5.3 9.3 8.3 3.3 9.3 9.3 9.3
€14) DISH DEPTH (MM 0.25 0.25  0.25  0.25 0.25  0.25 0.725
t15) CHAMFER (MM) 0.6%0.02 0.6%X0,02 . . . "
________________________________________________________________ x
€16)  PLENUM VOLUME(10%%7 MM¥x3) 3.99 3.0 3.0 3.0 3.0 3.0 3.0
€17)  INITIAL GAS PRESSURE (MPA} 0.1 0.1 0.1 0.1 0.1 0.1 0.1
€18)  INITIAL GAS CONEOSITION HE HE KE HE HE HE HE
€19) PELLET TOTAL WEIGHT  (GRAM) 272.0 271.9  272.5  272.6  272.1  272.4 272.0
€20)  STACK LENGTH M)
€213 BURNUP (GWD/T) 26.9 2.9 ?5.1 25.1 28,7 28.6 28.1 7.6
___________________________________________________________________ p
¢79)  REMARKS
________________________________________________________________ X

(80> REFERENCE

— 58— D —41



<x 130014 *> DEMO RAMP FUEL RODS SPECIFICATION -BWR (2)-

(3
(47
53
(61

(71
(8}
9
(1061
(113
(1)
€133
(14)
(153

(147
7
18
19
«m
(213

(79

(80)

k% FUEL

TEST NAME

ROD  NAME

CLAGDING OQUTER DIA. (MM
INNER DIA. (MM}
THICKKESS (MM)
GAP (MM)

PELLET OUTER DLA. (MM

TNNER DIA. (MMW)
LENGTH (MMD

L/ D (LENGTH / DIA.D

U-235 ENRICHMENT

DENSITY/THEORITICAL DENSITY
DISH D1A. (MM}
DISH DEPTH (MM
CHAMFER (HM)

PLENUM VOLUMEC10#%2 MMxx33
INITIAL GAS PRESSURE (MPA)D
INITIAL GAS CONPOSITION
PELLET TOTAL WEIGHT (GRAM)

STACK LEMNGTH (MM)
BURNUP (GWD/T)
REMARKS

REFERENCE

JAERI-M 86-

PERFORMANCE DATA

101

X% DATE = 86-05

*%PAGEX*x (D- 42)

*x 130014 =x

AEXEEFFEREXREARA KL ERN KKK KRR MK KRB RN ALK AREA BN KR REK KA T KA

R R S ORE RS

o
A
-

_.60__

STUDVIK
DEMD -RP
COMMON
DATA

3y k- (A k- (5) %o

*x DEMD RAMP (BWR) =*x

S(B) k- - (T)-%---(B)-¥



JAERI-M 88-10!

®%%  FUEL PERFURMANCE DATA  xxx DATE = 86-05 *¥PAGERx ([- 43)

<¥ 133015 x>  SUPER RAMP FUEL RODS SPECIFICATION -PWR (1) - x% 130015 *=*

KK KKK R KK IKOK 3K KK K3 KR KK R KK K 2K 3K KK MK KKK R R BT RO E R KOE K KRSk
STUBVIK
SUPER-RP
COMMON
DATA

e (1) (2R (3D K (8) K (5) -k (B) koo (T)-%---(8)-%

____________________________________________________________________ %

(1) TEST NAME **x SUPER RAMP (PWR) *x

__________________________________________________________________ "

(2) ROD NAME PK4/1  PK4r2  PK4/3  PK&/S  PK&/1  PK6/2  PKE/3  PK6/4

_________________________________________________________________ *

(3 CLADDING OUTER DIA. (MM) 10,75 10.75  10.7%  10.75  10.75  10.75  10.75  10.75

(a) INNER DIA.  (MM)

€50 THICKNESS  (MM)

6y  GAP (M) 0.17 0,17 0.17 0.17 0.14 0.14 .14 0.14

____________________________________________ i
7Y PELLET OUTER DIA.  (MM) 9,113 9.113  9.14&6  9.144  3.144  9.144

(8 INNER DIA.  (MM)

(o) LENGTH (M) 10,799 10,799 11.1 1.1 11.1 11.1
(1o L 7 0 C(LENGTH / DIA.) 1.19 1.19 1.21 1.21 1.21 121
(D U-935 ENRLCHMENT 0.02985 0.02985 0.02985 0.G2385 0.02985
(12) DENSITY/THEGRITICAL DENSITY 0.9393 0.9393 0.9516 0.9510 0.9510
€13) DISH DIA. (MM} 7.9 7.9 6.544  0.5544 0.6544
(14) DISH DEPTH (MM) 0.25 0.25 0.58 0.58 0.58
(15) CHAMFER (MM 2.6XD.02 0.56%0.18  © "

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
{16) PLENUM VOLUMEC10%%2 HMxx3) 2.2 2.2 1.5 1.5 1.5 1.5
€17)  INITIAL GAS PRESSURE (MPA) 2.3 2.3 2.3 2.3 2.3 2.3
(18) INLTIAL GAS CONPDSITION HE HE HE HE KE HE
€19) PELLET TOTAL WEIGHT  (GRAM) 205.0 205.0 208.0 208.0 207.0  207.0
(20)  STACK LENGTH (MK)
(21)  BURNUP (GWDIT) 33.7 33.8 33.6 32.5 36.7 36.8 36.5 33.6

_______________________________________________________________ %
(79)  REMARKS

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *

(80) REFERENCE

—61— D -43




<x 130016 *>

(13

23

3
(43
(57
(81

L7
(83
(93
(1)
1D
12
{133
(143
(133

(16)
(17
183
(1093
(20
21

(79)

(803

L L

SUPER RAMP FUEL

TEST NAME

ROD  NAME

CLADDING  OUTER DIA.  (MM)
INNER DIA. (MM
THICKNESS (MM)

GAP (MM

PELLET GUTER DIA. (MM
INNER DIA. (MM
LENGTH (MWD

L 7/ D (LENGTH 7/ DIA.}
U-235 ENRICHMENT
DENSITY/THEORITLICAL BDENSITY

DISH DIA., (MM
DISH DEPTH (MM)
CHAMFER (HH)

PLENUM VOLUMEC10%%2 MM*%3)
INITIAL GAS PRESSURE . (MPA)
INITIAL GAS CONPDSEITION

PELLET TOTAL WEIGHT (GRAM?
STACK LENGTH (MM)
BURNUP (GWD/T)
REMARKS

REFERENCE

JAERI-M 86-101

RODS SPECIFICATION

FUEL PERFORMANCE DATA

- PWR

-

S 3

DATE

= 86-05

®XPAGE*% (D-

®¥% 130014

443

* %

H(***:ﬁ*****’.‘it**X*K***R********#X******K*x********X*K**mx#***x***x

STUD
SUPE
COMM
DATA

vIK
R-RP
OGN

B P EE SN IR
Pwsi1 PU5/2
2.5 9.5
0.1659 0.185
5.13 8,19
2.17 2.17

13.56 13.58
1.68% 1.66
0.0574 0.0574
0.949 0.949
.64 £.66
1.38 1.38

HE HE

493.0 493.0

977.2 876,72

32.7 32,2

T (T (2] k- - (3) M- (4) K- - (5)-%-
% SUPER RAMP (P4R)
PK6 /S P31 PW3I2 PW3/3 P3l4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
10.75 9.5 9.5 9.5 9.5
0.14 0.165 0,165 0.165 0,183
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
9.144 8.1% 8.149 3.19 8,19
11.1 13.30 13.36 13.36 13.36
1.21 1.83 1.63 1.63 1.63
0.02985 0.0826 0.0826 0.0826 0.0826
0.9510 0.949 0.5949 0.949 0.949
B.544 5.97 5.97 5.97 5.97
0.358 0.305 0.305 ¢.305 0.305
0.56X0.18
1.5 6.47 6.55 6.57 5.76
2.3 1.38 1.38 1.38 1.38
HE HE HE HE HE
207.0 529.0 528.0 52%.0 535.0
514.9 979.8 979 4979.0 990.1
39.6 3o0.7 29.1 29.2 31.1
_________________________________________________________________ *
— 62 —



JAERI-M 86-101

*x%x FUEL PERFORMANCE DATA  #xx DATE = &6-05 **PAGE®® (D- 4357

<x 130017 x>  SUPER RAMP FUEL RODS SPECIFITATION -PWR (3}~ x% 120017 *x

K KK KKK K K K SOK K K 0K K K K K 3K S K K K K K KK KK KK K HOK KR KK K K K KR K K K
STUDVIK
SYPER-RP
COMMON
DaTa

Se (1) K- () E e (B vk (4 -k - (5) k(B Koo (7Y oxe - (B

________________________________________________________________ %
€13 TEST NAME ®x GUPER RAMP (PWR) *x
____________________________________________________________________ "
€23 ROD  NAME PWS/4  PK1/1  PK1/2  PK1/3  PK1/4  PK1/S  PKZ/1  PkZ/Z
___________________________________________________________________ ¥
¢33 CLADDING OUTER DIA. (MM) 9.5 10,75  10.75  10.75  §0.75  10.75 10,75 10.75
(&) INNER DI&.  (MM)
¢5) THICKNESS  <HMD
(6} GAP (MM) 0.165 0.190  ©0.190  0.190 0.t90  0.1%0 0,140  0.140
_______________________________________________________________ «
(73 PELLET OETER DIA, (MM) 8.19 9.110  §.110 9.11  9.11 9.11 9.138  3.138
&) INNER DIA.  (NMD 2,17
(9 LENGTH (MM 13.56  11.135 11.35  11.35  11.35  11.35  11.34 11,34
(107 L/ D CLENGTH / DIA.) 1.66 1.22 1.22 1.22  1.25 1.22 1.24 1.24
€11 U-235 ENRICHMENT 0.0574 0.032 0.032 0,032 0.032 0.032 0,0321 0.0321
€12y DENSITY/THEORITICAL DENSITY 0.949  0.9452 0.9452 0.9452 0.9452 0,9452 0.9434 0.9434
(13> DISH DIA. (MM} 7.9 7.9 7.9 7.9 7.9 7.9 7.9
€14) DISH DEPTH (MM 0.25 0.75 0.25  0.25 0.25 ¢.25 0.25
€150 CHAMFER (HM) 0.6X0.02 " g v .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, X
€16) PLENUM VOLUMEC10%%2 MMxx3) 6.69 2.2 2.2 2.2 2.2 2.2 2.2 2.2
€173 INITIAL GAS PRESSURE (MPA) 1.38 ?.25 2.25 2,25  2.25 2.25 2.25 2,25
¢18) INITIAL GAS CONPOSITION HE HE HE HE HE HE HE HE
{19)  PELLET TOTAL WELGHT  (GRAM) 493,0 206.0 206.0 205.0  206.0  206.0  210.0  210.0
€200  STACK LENGTH (HMD 976.5 311.1  311.5 310.0 311.4 311.4  317.4 317.8
¢21) BURNUP (GWD/T> 31.5 35.4 35.6 35.2 33.1 34.0 45.2 45.1

(79) REMARKS

(80 REFERENCE

— 63— D 45



JAERI-M 26-101

*xx  FUEL PERFORMANCE DBATA  xxx DATE = 86-05 **PAGEx® (D- 4a)

<x 130018 x>  SUPER RAMP FUFL RODS SPECIFICATION -PWR Ca)- ¥% 130018 xx

KK KKK K KKK R K KKK KR KK 3 ROK IR KK 30K K K K K O KK KR KKK O o K KK K K K X
S5TUDVIK
SUPER-RP
COMMON
DATA

T UL K e (2] ko (3] M (4 K (5 -k {B) Kk (7Y% (8) -

________________________________________________________________ "

(1) TEST NAME x% SUPER RAMP (PWR) xx
__________________________________________________________________ x

(2)  ROD  NAME PK2/3 PKei4 PK2/8
____________________________________________________________________ *

(3> CLADDING CQUTER DIA. (MM) 10.75 10.75 10.75

(4) [NNER DIA. (MM)

(53 THICKNESS (MM

(83 GAD (MM 0.140 0.140  0.140
____________________________________________________________________ *

(7Y  PELLET OUTER DIA. (MM 9.138 9.138 3.138

(8) IHNER DI&. (MM}

D] LENGTH (M) t1.34 11.34 11.34

1o L/ 0 (LENGTH / DIA.} 1.24 1.24 1.24

(11 U-235 ENRLCHMENT 6.0321 0.0321 0.0321

(12> DENSITYSYHCORITICAL DENSITY 0.9434 0.9434 0.9434

1 DISH DIa, {MM) 7.9 7.9 7.9

(143 DLSH DEPTH (MM) 0.25 0.25 0.25

(153 CHAMFER (MM 0.6xn.02 "
_______________________________________________________________ "

(163 PLENUM VOLUME(10%%72 MMxx3) 2.2 2,2 2.2

(17)  INITIAL GAS PRESSURE (MPA) 2.25 2.25 2.25

(18) INITIAL GAS CONPOSITION HE HE HE

C19)  PELLET TOTAL WEIGHT (GRAM) 210.0 209.90 206.0

(200  STACK LENGTH (MM) 319.0 317.2 3il.4

€21) BURNUP (GWDI M 44.6 41.4 43.4
________________________________________________________________ "

(79 REMARKS
__________________________________________________________________ .

(80) REFERENCE



JAERI-M 86-101

®kx  FUEL PERFORMANCE DATA xxx DATE = 86-05 **PAGE*x (D- 472

<k 150019 %> SUPER RAMP FUEL RGDS SPECIFICATION -BWR (13- ¥k 130013 *x

5K KK KK KK ORI R K I KK R K R I MK 3R KK KKK KR KK KR KR KKK K KKK
STUDVIK
SUPER-RP
COMMON
DATA

S ) K L2) R (3D K (4 K {5k (5D K (T) k- (B) -k

N e %
(1>  TEST NAME xx SUPER RAMP (BWR) xx
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ey
(2> ROD NAME BK7/1 BK7/2  BK7/3 EBKT/4  BKP/S  BK7/5  BK7!6  BKT/6
____________ S
{3)  CLADDING CUTER DLA. (MM) 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5
(4) INNER DTA. (MM
55 THICKNESS (MM
(6) GAP (MM 0.29 0.20 0.20 0.20 0.20 0.20 0.20 0.20
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ey
¢F)  PELLET QUTER DT4.  (MM)
8> INNER DIA. (MM
TH LENGTH (M)
(16> L / D (LENGTH 7 DIA.)
an U-235 ENRLCHMENT
(D DENSITY/THEORITICAL DENSLTY
“» DISKH DIA. (MM}
(14> DISH DEPTH (MM)
(15> CHAMFER (MM)
________________________________________________________________ *
(16> PLENUM VOLUME(10%x%2 MMxx3)
(17) INITIAL GAS PRESSURE (MPA)
(18) [NITIAL GAS CONPOSITION
(19)  PELLET TOTAL WELGHT  (GRAM)
(20>  STALK LENGTH (HH)
(21>  BURNUP (GWEB/T) 37.7 36.5 34.8 31.8 38.4 38.4 37.2 37.2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "
(79> REMARKS
_________________________________________________________________ *

(80} REFERENCE

— 65— D —47



<% 130020 x>

12

(2

37
4)
{57
(a2

[
(83
(D)
1
(11
(122
(13
(143
(152

(162
(17
(185
(19)
20
(21

(79

(80)

®xx ULl PERFORMANCE DATA

SUPER RAMP FUEL

TEST NAME
ROD  NAME
CLADDING QUTER DIA. (MM
INNER DIA. (MM
THICKNESS (MM)
GAP (MM)
PELLET QUTER DIA. (HMM)
INNER D14, (MM
LENGTH (MM
L 7 D C(LENGTH 7/ DIAL?
U-235 ENRICHMENT
DENSITY/THEORITICAL DENSITY
DISH DIA. (MM}
DISH DEPTH (MM}
CHAMFER (MM

PLENUM VOLUME C10%%2 MMxx3)
INITIAL GAS PRESSURE  (MPA)
INITIAL GAS CONPOSEITION

PELLET TGTAL WEIGHT (GRAMY
STACK LENGTH (MM
BURNUP (GWD/T)
REMARKS

REFERENCE

ADDS SPECIFICATION

JAERI-M 86-101

-BWR

Lt DATE = 86 05 xxPAGER® (D- 48)

¥k 130020 *x

HEREEEEKEE R AR RN LR KL KEERKKERRK B L KM AN KEENKRE X KKK KR RE KR E KR

S (1)Ko (2) k- (3) Koo (4) - x-

BK7/8

BK7/7

12.5 12.5

STUDVIK
SUPER-RP
COMMON
DATA

SU5) k- () xm o (T Koo (B) ¥

_____________________________________________ *
*x SUPER RAMP (BWR) =x
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
BG8/1 BGRI? BG8/3 BG8/3 BG8I4 BG9/1
,,,,,,,,,,,,,,,,,,,,,,,, e e e icieaux
12.5 12.5 12.5 12.5 * 12.5
0.10 0.10 .10 0.10 * 0.23
_____________________________________________ %
______________________________________________ *
30.3 * 2r.2 % 3 28.4
_______________________________________________ *
______________________________________________ %



JAERI-M 86-101

®x%  [YEL PERFORMANCE DATA  xxx DATE = 86-05 ¥¥PACE®xx (D- 49

<* 130021 %> GSUPER RAMP FUEL RODS SPECIFICATION -BWR (37- ®x 130021 #x

AHKX KKK KK KRR RE KRR R KAR KKK F R LR R KR KR A AKE KRR KK AR KRR KA KRR KK
STUDVIEK
SUPER-RP
COMMON
DATA

Sy R 2y R (B k(A k(5 k(B ok (PDk - (B) -k

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
(13 TEST NAME *x SUPLR RAMP (BWR) *x
________________________ e
(23 ROD  NAME BG3/2  BG9/3  BGI/4
________________________________________________________________ "
(3)  CLADDING OUTER DIA. ¢MM) 12.5 12.5 12.5
4) INKER DIA. (MM
(s) THICKNESS (MM
(61 GAF (MM 0.23 0.23 0.23
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(73 PELLET OUTER DIA. (MM
€8) INNER DLA.  (MM)
(9 LENGTH (MM)
L) L/ D (LENGTH © DIA.)
SES U-235 ENRICHMENT
(1 DENSITY/THEORITICAL DENSITY
(D DISH DIA. (MK
(14) DISH DEPTH (MM)
(15 CHAMFER (M)
_______________________________________________________________ %
€163 PLENUN VDLUMEC{Q®%2 MNx*3)
€17) INITIAL GAS PRESSURE (MPA
€18) INITIAL GAS CONPOSITION
(19> PELLET TOTAL WEIGHT  (GRAM)
(20>  STACK LENGTH CHM)
(21>  BURNUP (GWDIT) 31.1 28.5 31.0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(79> REMARKS
________________________________________________________________ %

(80> REFERENLCE

— 67— D —49



<x 130022 x> OVER RAMP FUEL RODE SPECIFICATION

(32
(43
(3)
(4l

7
8}
(9}
(1o
(i
122
133
(147
(1%)

(16}
173
(18
1M
(205
213

79

(307

*xx  FUEL PERFORMANCE DATA

TEST NAME

RUD  NAME

CLADDING QUTER ODILA. (MM

INKER DIA. (MM)
THICKNESS (MM

GAP (MM
PELLEY GUTER DIA. (MM
INNER DIA. (MM)
LENGTH (MM}

L ¢+ D CLENGTH / DIA.)

U-235 ENRICHMENT

DENSITY/THEORITICAL DENSITY
DISH DIA. (MK
DISH DERTH (MH)
CHAMFER (MM

PLENUM VOLUME{10%%7 MM¥x3)
INITIAL GAS PRESSURE (MPA)
INITIAL GAS CONPOSLITION
PELLET TOTAL WEIGHT (GRAM)

STACK LENGTH (MM)
BURNUP (GWD/T)
REMARKS

REFERENCE

JAERI-M 86-101

LR 3

~PWR (1)~

DATE

= 86-05

*APACE &%

(D s

wx 130022 ==

KEKKRERERKERERE AR R KKK KN KA KR KE R BRI H A HE AR KK AKX R

10.75 10.753
9.30 3.30
0,72 0,72
0.135 0.133

11.0 11.0
1.20 i.20
B.031 0.031
D.937 0.937
7.958 7.958
0.25 D.235

0.60X0.072
2.2 2
2.25 2.25%
HE HE
210.0 09.0
320.90 330.0
13.1 13.0
_.68._

X% )

1

1.
0.031
0.937
7.958
0.25

HE
209.0
320.0

12.7

STUDVIK
OvER -RP
COMMON
DATA

VER  RAMP

.20
.031
L 937
.958
.25

DN O O s

2.25
HE
210.0
320.0
12.0

(PWRY *xx
L1041 E1G/2
16.75 10.75
9,30 9.30
0.72 0.72
G.140 D.139
§.158 9.158
11.0 11.0
1.20 1.20
0.031 0.031
0.0937 0.0837
7.958 7.958
0.25 0.25
2.2 2.2
2.25 2.25
HE HE
210.0 209.0
3:20.0 320.0
12.6 12.6

0.031
0.0937
7.958
0.25

2.2
2.25
HE
209.0
320.9
12.3

1.20
0.031
0.0937
7.958
0.25

2.2
2.25
HE
208.0
320,90
11.8



JAERI-M B86-101

#x&  FUEL PERFORMANCE DATA %% DATE = B86-05 *ePAGExy {(D- 51)

<* 130023 %> O0OVER RAMP FUEL RODS SPECIFICATION -PWR (23 - wx 130073 #x

OK XK K K K KKK K KK O KKK KKK HOK 3K KR KK KK K KK ROK KR R K K K KK K KRR R XK
STUDVIK
OVER -RP
COMMON
DATA

S ) - () K- (3) Koo () K- (5) K- (B) K-~ (F)-we-- (8%

,,,,,,,,,,, e .y

€1y TEST NANE *% OVER RAMP (PWR) xx

______ ...y

(23 ROD  NAME 22041 42002  A2043  A2044  F2041  F20/2  F20/3  F20/4

__________________________________________________________________ .

(3)  TLADDING OUTER DIA.  CMM) 10.75  10.75  10.75  19.75  10.75  10.75  10.75  10.75

(4) INNER DIA,  (MM) s,29 8,29  °,29 9,29 9,29 9,29  §.20  9.79

(5) THICKKESS (MM Q.7 Q.70 .70 0.70 g.70 0.70 0.70 0.70

(8 Gap (MH) 0.134  0.134  0.134  0.134 0.165 0.165 0.185 O.164

S .

(7) PELLET  OUTER DIA, (MH) 9.158  9.158  §.158  9.158  §.115  §.115  %.115  9.1i5

(8) INNER DIA.  (MM)

3! LENGTH MM 11.0 11.0 11.0 11.0 11.1 11.1 11.1 11.1
1) L 7 O (LENGTH ¢/ DIAD 1.20 1.20 1.20 1.20 1.¢ 1.22 1.22 1.22
(1N U-235 ENRICHMENT 0.031  0.031  0.031 0.031 0.0298 90.0298 0.0298 0.029
{122 DENSITY/THEORLTICAL DENSITY 0,937 0.937 0.937 0.937 0.9498 (0,9498 {0.9458 " 0.94%
13 DISH DIA. (MM) 7.958  7.958  7.958  7.958  6.515  6.515  6.515  6.515
(142 DISH DEPTH (MM) 0.25  ©0.25  0.25  0.?5 0.5  0.58  0.58  0.58
(1352 CHAMFER CHM) 0.6x0.02 " " " 0.56x0.18 '

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, «
(169 PLENUM VOLUMEC1Dx*2 MMxx3) 2.2 2.2 2.0 7.0 2.2 7.2 2.2 2.2
(17)  INITIAL GAS PRESSURE  (HPA) 2.725 2.25 2.25 2.25 2.25 2.25 2.25 2.25
(18) INITIAL GAS CONPOSITIGN HE HE HE HE HE HE HE HE
€19)  PELLET TOTAL WEIGHT  (GRAM) 216.0  211.0  211.0  211.0  209.0  208.5  209.0  211.0
[QAID] STACK LENGTH (MM) 320.0 322.0 320.0 320.0 320.0 320.0 320.0 320.0
(215 BURNUP (GWD/T) 24.8  95.2  2a.T 23.4 25.1 25.3 25.1 23.9

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "
(79> REMARKS

________________________________________________________________ .

(80> REFERENCE

— 69— D -5



JAERI-M 86-101

*%x% FUEL PERFORMANCE DATA  *¥x DATE = 86-0% ®XPAGEX® (D- 52)

<¥ 13002+ *> GVER RAMP FUEL RODS SPECLFICATION -PWR (30 - ®x 130004 xx

(32
(&)
(5)
(o)

o
(8
(92
102
(11>
(1%
133
(147
(153

(162
(17
(18
19
20)
212

(793

(307

KT KKK KK K KR ISR K K K K KK ORI K KKK K HOK KR KKK K 0K KK KK K R KK K K K K KK
STUDWIK
OVER -RF
COMMON
DATA

SN AU R (3D ke A Ko (5) K- (B) %o~ (7)o (8%

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
TEST NAME % OVER RAMP (PWR) =*
___________________________________________________________________ "
ROD  NAME G041  520/2  G20/3  G20/4  F30/8  F30/1 F3072  F30/4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N
CLADDING OCQUTER OIA. (MM 10.74 16.74 10.74 10.74 10.74 10.74 10.74 10.74
INNER DLA. (MM) 2,29 8,729 9.29 9,29 9.29 9.29 9.29 9.28
THLCKNESS (MM 0.73 0.73 0.73 0.32 0.70 0.70 Q.70 0.70
GAP (MM 0.143  0.146  0.144  0.144  0.170 0.171  0.17 0,17
,,,,,,,,,,,,,,,, e ek
PELLET OUTER DIA.  (MM) 9.114  9.114  9.114 9,115 9.115 9.115 2.115
INNER DIA.  (MM) )
LENGTH (MM 11.0 1.1 11.1 11.1 1.1 11.1 11.1
L 4 B CLENGTH { DIA.) 1.21 1.22 1.22 1.22 1.22 1.22 1.22
U-235 ENRICHMENT 0.0299 0.029% 0.0299 0,0298 0.0298 0.0798  °
DENSITY/THEGRITICAL DENSLTY 0.951  0.951  0.951 0.9498 0.9498 0.9498
DISH DIA. (MM) B.544  6.544  6.544  6.515  H£.515  B.515
DISH DEPTH (MM) 0.58 0.58 0.58 0.38 0.58 0.58 0.58
CTHAMFER (MM 0.56%0.18 - - " .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, R,
PLENUM VOLUME(10%%2 MM=x=3) 2.7 2.2 2.7 2.1 2.2 2.2 2.2
INITIAL GAS PRESSURE  (MPAD 2.25 2.25 2.25  2.725 2.25 2.25 2.25
INITIAL GAS CONPOSITION HE HE HE HE HE HE HE
PELLET TOTAL WEIGHT (GRAM) 206.3 207.0  206.0 209.0  208.5  209.0  208.5
STACK LENGTH (MM) 319.5  319.5 319,53 320.0  390.0  320.0  390.0
BURNUP (GWD/ T} 24.6 24,2 24.3 20.% 30.7 31.3 30.9 29.1
________________________________________________________________ .
REMARKS
___________________________________________________________________ "
REFERENCE



JAERI-M 86-101

®kk  FUEL PERFORMANCE DATA  *wx DATE = B6-0>3 ARPAGERx (D~ 53)

<k 130025 x> DVER RAMP FUEL RODS SPECIFICATION CPWR (40 - k% 130025 **

KKK S 2K 3K K K R K KK oK R K KK KSR K 3K KKK K KK K KK K K K KK R K KK KK KR
STUDVIK
OVER -RP
COMMON
DATA

e (1) K (2) e (3 Koo () k- (5) K- - (B Koo (T)-K--- ()%

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %

(1) TEST NAME ®% CVER RAMP (PWRJ) xx

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e e e e i eaa-x

(2)  ROD  NAHKE W31 W5/ 2 W5 /3 W5 14 W5/5 W5/76 Warl Wai2

e e e e e e e e e i meee o -

(3)  CLADDING  GUTER DIA.  (MH) 5.51 2.51 9.51 9.51 g.51 9.51 9.51 9.51

(&) INNER DIA. (MM) .38 8.36 8.36 8.386 8.3 8.38 8.36 8.36

(53 THICKNESS (MM) 0,58 ¢.58 0.58 0.58 0.58 0.538 0.58 0.58

(6 GAP (MM} 0.165 0.165 0.165 0.165 0.165 0.165 0.165 0.185

e e ame A m e e e %

7y PELLET CUTER DIA. (MM) 8.19 8.19 8.19 8.19 8.19 8.198.19 8.19

(83 INNER DIA, (MM}

9 LENGTH (MM) 13. 44 13.44 13.44 13.44 13.44 13.44 13.44 13,44
(10) L / D (LENGTH ¢ DIA.> 1.64 1.64 1.64 1.64 .64 1.64 1.64 1.64
(115 U-235 ENRLIZHMENT 0.0826 @.08728 0.0826 0.0826 0.0826 0.0826 0.0826 “
123 DENSITY/THEORITICAL BDENSITY 0.9516  0.9516 0.9516 0.9516 0.9516 0.9516 0.9498
€133 DISH DIA. (MM) 5.95 5.95 5.8% 5.95 5.95 5.95 5.95 5.8%
(143 DISH DEFTH (MM 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0
(15 CHAMFER (MM)

__________________________________________________________________ %
(163 PLENUM VOLUMEC(10%x%2 MMxx3) 5.2 5.2 4.7 4.9 5.2 5.4 5.3 4.7
(17> INITIAL G435 PRESSURE (MPA) 1.38 1.38 1.38 1.38 1.38 1.38 2.48 2.48
18> INITIAL GAS CONPGSITION HE HE HE HE HE HE HE HE
(19> PELLET TOTAL WEIGHT (GRAM) 531.2 528.5 535.1 534.0 531.1 527.7 534.7 532.8
(20) STACK LENGTH (MM 982.8 a79,0 889.1 390.1 582.8 977.8 990.9 392.1
(21  BURNUP (GWD/T) 21.6 21.8 21.3 18.1 23.8 24.2 22.8 23.1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
(79) REMARKS

___________________________________________________________________ *

(803 REFERENLE

—71- D -53



<% 130026 x>

OVER RAMP FUEL

JAERI-M 86-101

X kX

FUEL PERFORMANCE DATA

ROBS SPECIFICATION -P¥R (57 -

* %k

DatTe

86-05

<x 140001 =*>

¢ 1y PELLET TYPE

( 11 ENRICHMENT (5 U-23%)
¢ 12) DENSITY, To
¢ 13y DIAMETER, CCLEARANLCE, MICRON-M)
¢ 14) USASBE

( 7%) REMARKS

¢ 80) REFERENCES

(1)  TEST NAME

(2) ROD NAME

(3% £LADOTING OUTER Did.  CHM)
(4) INNER [id, (MM)
(35) THICKNESS (MM
(&) GAP (MM
(7) PELLET CUTER [1a., (MM
(8) INNER DIa. (MM
(93 LENGTH (MM
(10 Lo D CLENGTH ¢ DIAL)
(11 U-235 ENRICHMENT

(12} DENSITY/THEQRIYICAL DENSITY
(13 DISH D1a.  {MM}
(14) DIS# DEFTH (MM}
T3 CHAMFER (MM}
(165 PLENUM VDLUMECIOx*2 MM#x3)
(17)  INITIAL GAS PRESSURE  (MPA)
(18 INITIAL GAS CONPOSITION

(193 PELLET 70TAL WEI[GA: (GRAMS
{20y STACK LENGTH (MM
(21> BURNUP (GwD/T)
(793 REMARKS

(80> REFERENCE

PELLET TYPE DESIGNATION

x®xPAGE®% (- 54)

#x 130026 x=

LESFE S P PSR S S LTSI FESSEELIPERLI P ST REELESEL IS LTSS LS DS ST

STUDVIK
OVER -BP
COMMON
DATA
S D) R (2 ke (I Koo () k- (5K (B) koo ()% (@)
_________________________________________________________________ x
xx QVER  RAMP (PWR) =
.............................................................. x
Wal3 Wals k4/5 walb WE/1 Wg12 w813
________________________________________________________________ "
.51 9.51 .51 9.51 9.51 9.51 9.51
8.36 8.36 8.36 8.36 8.36 8.35 8.3%
5.58 2.58 0.58 0.58 0.58 0.58 .58
C.165  0.185  0.185  0.165 0.165  0.185  0.185
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
8.19 8.19 8.19 .19 8.19 8.19 8.19
13.44 13.44 13.44 13.44 13.43 13.44 13.44
164 1.64 1.64 1.64 1.64 1.64 1.64
0.0826 0.0826 0.082¢ ©0,0825 0.0826 0.0826 0.0820
0.94%8 0.9498 0.9492 0.9498 ©.9489 0.9489 0.9489
5.95 5.95 5.95 5.95 7.%4 .54 7.94
0.3 9.3 9.3 0.3 0.3 0.3 0.3
0.125%0.75 " "
_______________________________________________________________ *
5 4.6 5.3 5.3 5.0 5.1 4.9
2.48 ?2.48 2.48 2.48 1.38 1.38 1.38
HE HE HE HE HE HE KE
533.5  532.8  S533.%  $533.5  529.5  527.7  530.1
980.0  992.6  933.3  993.0  986.0  984.0  987.5
22.6 18.5 16.7 15. 4 20,3 20,7 29,2
________________________________________________________________ x
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
INTER RAMP xx 140001 xx
STYDVIK
INTER-RP
COMMON
DATA
S 1Y e e (2) %o (33 Koo (&) -K---(5)-K---(B)-K--- (T)-k---(8)-¥
Ex T L Dxx H 8
NAT, 2.82 2.82 2.82 3.5 3.5
95 95 95 93 95 95
- 80 150 150 150 250

* 4 RODS 12 RODS 2 RODS 9 RODS 2 RODS
_______________________________________________________________ %

* ; END PELLET I[N ALL RODS.

xx: POREFORMER ADDED.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
ST1R-4, P-44
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x



JAERI-M 86-101

*xx  FUEL PERFORMANCE DATA  xxx DATE = 86-05 ¥4PAGE®% (D- 55)
<% 140002 %> PELLEYT - CHEMICAL IMPURITIES - *% 140002 #*x
STUDVIK
INTER-RP
LR-1(E)
PELLET

T K () ks (3 ke () k- (5 M-S (B) X (T koo (A%

€100)  ELEMENT, (PPM)
(102 aL 2.
(196) C 9.
€(107) ca
€109 cL
(1D CR 7.
(118) F <2,
(117> FE 3.
(1263 N
(128) M1 1.
{133) 51 5.
(150 0/U RATIO (FRAC. 2.003
______________________________________________________________ x
<% 140003 x> PELLETIZING PARAMETERS - INTER RAMP - ) *x 140003 x
STUBVLK
INTER-RP
COMMON
DATA
Tt R () X o (F) ko (G koo (5) K- - (6 k- (7) k- (B) %
(1) PELLET ENRICHMENT (% U-235) 0.72 2.82 2.82 3.5
(11 U308 ADD. 3] - 5 5 5
(12) DEXTRLN ADD. 0 - - 0.6
(15) PRESSING PRESS,  (TON/CMxx2) 3.8 3.0 2.5 .0
(21> GREEN DENSITY (GR/CDD 5.68 5.45 5.32  5.47
(31>  SINTERING TEMP.  (DEG-O) 1700 1750 1750 1750
(32> SINTERING TIME (HRS) 3 4 4 4
_______________________________________________________________ %
(80) REFERENCES STIR-4, P-48
_______________________________________________________________ x
<% 140004 x> MOISTURE CONTENT OF PELLETS - INTER RAMP - X% 140004 *x
STUDVIK
INTER-RP
COMMON
DATA

{1
{2
(11
(133

(153

(79

(803

PELLET TY¥PE

ENRICHMENTC %

MOISTURE PRIOR TGO LOADING
(PPM/PELLET)

MOISTYURE FINISHES ROD
(PPM/PELLET)

(AVERAGE)

REMARKS

REFERENCES

S (1) e (2) Ko (B k- (4] k- (5) k- (B R (P) K-~ ()%

£ T,L D B,H
0.72 2.82 2.82 3.5
0.7 2.2-4.2 1.9-2.2 -x

0.4-1.0 0.4-1.2 0,5-1.6 1.0-2.0

STIR-4, P-56.

- 73— D—55



<¥ 140005 x>

197
112
12
133

~

202
213
22)
232
24)
25)
261

P T S

¢ 3m
31
32

403
413
423
43)
44)
453
46)
47)
482
49)
502
51)
52)
53)
54)
55}
56)
57)
58)
59
607
617

Fa R e T i e T T e T e T e T e T e T N B - N

T
1)
752
76)
1
[P
785
80)
81)
823
837

e e e e e e e )

C 86)
€ 8an

(997>

FABRICATILN

FUEL COMPOSITION

PU FISSILE CONTENT
URANLIUM ENRICHMENT,

%17,

ABUNDANCE OF PU-ISCTOPES
PU-238
PU-239
PU-240
PU-241
PU-242
AM

PU-02 PARTICLE SIZE,
HEAVY METAL (U + PU)
0/H RATID

IMPURITIES,
AG
AL
B
cAa
CcD
CR
Cu
FE
MG
HN
HO
NI
PB
51
SN
[
F
cL
K
N
DY + EU + GO + SM

MIXED OXIDE PELLET

KX

FUEL PERFORMANCE DATA  xxx

JAERI-M 86-101

pATE =

CHEMICAL COMPOSLTLION ANO I[MPURITIES -

(W70
(Wids

(W0

(MICRON-M2
CONTENT (W/0)

(FPM)

MOLSTURE CONTENT,(MICRO-L/GR-MO2)

TEST CONDITION
VAPCQURIZE IMPURITIES,

(MICRO-L/GR-MO2)

TEST CONDITION
PELLET DENSITY,
PELLET FORM
PELLET DIMENSION,

DUTER DIAMETER

HEIGHT

INNER DIAMETER

HEIGHT OF CHANFER
LENGTH OF CHAKFER

NOTES

(RT)

(MM

THIS 15 DATA QF 1FA-514.

S Al k- - (2) -k - - (3) -%--
(SPELD

MECHANICAL BLENDING, COLD-PRESSING,

94.2 W/0 U0D2 + 5.8 W/0 PU-02

4.64 +~ 0.14

NATURAL -4

ANALTZED DN 21 SEP.
0.10
714
19.42
2.78
0.56

2420 PPM,

1976.

ANALIZED ON 10 MOV, 1976.
<500.
> BT.Y

1.98 T4 2.01

< 10,
<300.
< 1.0
<200.
< 1.0
<200,
< 50.
<400.
<100,
<200,
<300.
<300.
<100.
<300.
<100.
<200,
< 15,
< 25.
<100.
<400,
< 2.0

< 10,

>400 DEG-C

< 50,

AT 1700 DEG-C,
G4.0 +-1.5

CHANFERED

> 30 MINUTES,

10.

3
10. 5
.2 (FOR HOLLOW PELLETS)
1 (FOR TE PELLETS)
2
1

*1) = PU FISSILE CONTENT (W/0D
= (WEIGHT OF PU-239 AND PU-2412¢/
(WEIGHT OF TOTAL PU AND TOTAL U

4.7447

86-05

SCEY Ko (5) k- (6 k- (T - %

SINTERED

3 % 100,

®EFPAGE#* (0- 562

xx 140005 *x

S-(8) %



JAERI-M 86-101

®xx  FUEL PERFORMANCE DATA xxx DATE = 86-05 ¥X¥PAGEXRX (- 57)

<% 140006 %> SPACER PELLET - CHEMICAL COMPOSITION AND IMPURITIES, INTER-RP.- ®% 140006 *x

STUDYIK
INTER-RP
LR-1(ED
PELLET

S 1) Ko (2) K e (3 K- {4 K- (§) k- (B k- (T)-M- - (R)-x

(SPEC)
( 20) ELEMENT, (PPMY --- CHEMICAL  INPURITIES ---%
€20 AL S00. 530.
¢ 2D B 20. 8.
€23 cA 21060. 2. 1CHID)
€29 co 1. 2.
€25 co 13. 50,
¢ 28 cu 50. 10.
€27 FE 400. 2z0.
¢ 28) K <400, 10.
¢ 29 MG 600. 600.
¢ 300 MN 50, 9.
€30 MO <60. 26,
€32 NA <50, 20.
€33 PB 50. 40,
¢ 34 SN 50. 5.
€ 35) s1 1000. 1370,
€3 11 60. 265,
¢ 37 v 50. 20.
——————— R oo
<% 1406007 %> UD-2 POWOER CHARACTERISTICS - INTER RAMP - *%x 140007 *x
STUDVIK
INTER-RP
COMMON
paTa

SR D) K- (3) K (A K- (5) ko (B) K (T) K- --(R)-%
(1) DESIGNATIGN U-N-0-2  2.82 % 3.5 %

5P L%,T8, HS,BR,
DR,LR,TR HR

€113 ENRICHMENT (D) 0.714  2.805 3.468
PHO.020 PMO.D&4
2.844x
€13)  0/L RATIO 2,123 2.1t 2.185%x
(12) U CONTENT  (FRAC.) -xx  0.8737  0.8813
(14) MOLSTURE (PPW) 2410, 2200, -k
(21) BEQ VALUE  (PPM) 2,95  2.04 2.94
(22> BET SURFACE AREA (M¥x2/GR) 2.5 6.26 -wx
(23)  PARTICLE SIZE(MICRON-M) €100, <100, <100,
--- IMPURITIES ------ *
(31 FLUGRINE  (PPM) 30<2) 44 63 25¢1D)
(32)  CARBON CPPM) 250 9)  150012) 147( 4)
(33) NITROGEN  (PPM) 5 12 8¢ 2)
(39) OTHER IMPURITIES  (PPM) <23 <100 <100
______________________________________________________________ x
(793 REMARKS * : AFTER MIXING WITH 5% u308.
*x ©  VALUE NOT AVAILABLE,
¢ ): PELLET VALUE.
§P : USE SPACER PELLETS,
______________________________________________________________ *
€80) REFERENCES STIR-4, P.47, 5
______________________________________________________________ .

— 75— D -57




JAERI-M 86-101

#%*%  FUEL PERFORMANCE DATA xxx DATE = 86-05 ®*xPAGExx (J- 58)
<x 140008 %> JPDR-I1 FUEL PELLET DEMSLTY MEASUREMENT (1) *% 140008 xx
BWR
XY
JPOR-TI

Se e (1) R (2 K- (3K (4) K- - (5) k- - (H)-X-- - (T -X---(B8)-x%

---- GEOMETRICAL ------------- x---- IMMERSION ---------=~--=-~ *
(NO, QF=%---- PERCENT --------- *(NQO, OF%---- PERCENT ---------~ *
SAMPLEY ----%----1----%----2 SAMPLEY ----%----1----%----2

{ 20> RANGE OF DENSITY, (270D

2 0.00 - 93.40 0 0

22 93.40 - 93.60 0 ¢}

25 93.60 - 93.80 o} 0

24 93.80 - 94.00 1 1 =

¢ 253 94,00 - 94.20 2 % 1 =

( 263 94,20 - 94.40 9 kEX 2 %

¢ 272 94,40 - 94.60 23 KEEHEAKK 3 %

28 94,60 - 94.80 41 HEXKEEEXKXKKKEN 17 EXEKXXK

29 94.30 - 95,00 64 KEREKEXKKKXKKENKKRRKKKKX 13 XMREXHX

30 9%.00 - 95.720 53 REAEKKXKKRXKKXNKEERY 37 RMEERREEEKACKRKK KK

¢ 31y 95.20 - §5.40 28 HEXN KKK KENK 41 EAEEE KL L RN KK KKK KEN

C 3D 95.40 - 95.60 17 ®xkwxx 37 KKERAKKEREKKKE KRR KR

33 §5.60 - ©65.80 17 xxexy 29 RXKEEKXERKERXEKRK

¢ 34) 95.80 - 96.00 6 x¥ 13 *XXARKX

{ 3% 96.00 - 96.20 4  xx 3 kx

{ 362 96.20 - 965.40 0 0

¢ 373 96.49 - 96.60 0 0

38 96,560 -100.00 0 0

R R e B R T R

( 403 TOTAL NUMBER 0OF SAMPLES 265 187

( 50> AVERAGE, GLTm 95.020 95.322

( 51> STANDARD DEVIATIONCL SIGMA) (ZTD) 0,395 0.379
______________________________________________________________ %

(999) REFERENCES Y. HARAYAMA, PRIVATE COMMUNICATION (DEC. 1971).
e e e e e oA e e o e e e mmemmam— oo "



<k 140049 =>

1)

293
21
227
232
243
25)
28)
27
28)
29
300
3D
323
332
342
352
363

e I T T e T T o T T S

« 40)
¢ 50
€50

(349

MANUFACTURE

JFDR-1T

JAERI-M 86-101

*%%  FUEL PERFORMANCE DATA  xwx DATE = 86-05 *xPAGExx (D- 539)
FUEL PELLET DENSITY MEASUREMENT () *% 140009 xx
BWR
T
JPDR-I1

RANGE OF DENSITY,

G.
93.
93
93
94,
94
94,
G4,
94,
95,
95.
95,
95
95
96
96,

00
40

.60
.80

no

.20

40
60
30
00
20
40

-60
.80
.00

20

a3

93.

93
94

94,
94,
94,

94
95

95,
95.

95
55
98

96 .

96

TOTAL NUMBER OF

AVERAGE,

.40
60
.80
.00
20
40
50
.80
.00
20
40
.60
.80
.00
20
.40

SAMPLES

(AT

(ZTD)

STANDARD DEVIATIONCL SIGHA) (XTD}

REFERENCES

S R (@) o (3D k- (A k= (5) -k (B) ks (T) K- (8D - %

MAIN CONTRUCTOR - TOTAL

-~ GEOMETRICAL -+-------w--- #---- IMMERSION ---------------- *
(NO., OF%---- PERCENT --------- ®(NQ, OFf*%---- PERCENT ---------- *
SAMPLE) ----%----1----#%----¢ SAMPLE) ----%----1----%----7
0 0
0 0
0 0
¢ 1 =*
1 0
T XXX 1 =
19 KA KKK KKK ? L34
27 EMAKKEK KKK R KX 10 ExXEXXXEX
G8 KKK OK 30K K K KK K K X0OK 30K KX N0 X T RKRERKX
38 HOCEOR RO R K ORR XOR KK KK 20 HXKXAKKEXKEEKKKK
24 RERHKEARKEAK 3 RRROKKK KKK KN R KKk K
158 HOK KKk 27 ERXXXKEEAEKKE R KR LK X
15 RAXAKEX 21 EREKRACKERAOKK KKK KR
6 k%X 11 wkkxkxxEx%
4 k% 3 xx
0 0
e I e e A I e Ll IR " NI/ S
204 126
95.055 95.349
Q.407 0.392
________________________________________________________________ *
SEE FON-140008%.
______________________________________________________________ *

—77— D-59



<% 140010 =>

JAERI-M 86-101

Txx

JPDR-11 FUEL PELLET DENSITY MEASUREMENT

BWR
T*T

JPDR-TI

FUEL PERFORMANCE DATA

xex DATE =

3)

86-05

*xPAGE*x (D- 603

x* 140010 =%

R DR e P N e R C P EL RS PET PERR Y ST TR ¢ SRS PR

¢ 10) MANUFACTURE SUB-CONTRUCTOR - TOTAL -
-~-- GEOMETRICAL ------------- #---- JMHERSION ---------------- *
(NO. OF%---- PERCENT --------- x(NO. OF®---- PERCERT ~--------- *
SAMPLEY ~---%--~-{----%----3 SAMPLE} --- Xev-nf--o-x-=--2
¢ 2G) RANGE OF DENSITY, {(XTD)
21 0.00 -~ 93.40 0 0
(22} 93,40 - 93.80 0 8]
( 23) 93.60 93.80 0 V]
C 24) 93.80 - 94.00 1 =x ¥}
{ 253) 94,00 - %4.20 1 x% 1 *x
{ 26) 94.20 94.40 2 xxx 1 =x
2N 94.40 - 94.60 FEEETT TS T 1 *xx%
( 28) 94,60 - 94,80 14 KAKXEEARREEEARARRKK X KHK 2 Ek¥
{ 29) 04.80 95.00 16 EEKEER LR XA EAAEX KA IR RS & EEKKAERKKR
( 30) 95 .00 - 95.20 15 EERKEER R KKK RN KL LA R RS 12 XA T RR AT K AR EXTAE L KR
{ 31) G5 .20 - 95.40 G EREERER 18 S¥KKEXRARKAEXKRFIRAKE R KR
¢ 32) 95 .40 95 .60 ? xxx 1) *EXFEXETXEXRTRXNEX
« 3 §95.60 - 95.80 2 xx¥ B OEEEIRKXEKERKEN
¢ 34) 85.80 - 95.00 0 2 *xx
¢ 353 96.00 - 95.20 Q 0
< 362 96.20 - 96.40 0 0
T EEE R TR TR B R ST EEEE B |
¢ 40) TOTAL NUMBER OF SAMPLES 61 61
{ 50) AVERAGE. (T G4.903 95.267
{ 51) STANDARD DEVIATIONCT SIGMA) (XTD3 0.338 0.348
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(99%) REFERENCES SEE FDH-140008.
______________________________________________________________ %
<x 140011 %> JPDR-II FUEL PELLET DENSITY MEASUREMENT (43 *¥x 140011 =*x
BWR
T
JEDR-11
RS PRE AR IRE SEENEPEE M AL PR ARG DA SERNSPEE EEEETOEE EEER S SRR
¢ 10) MANUFACTURE MAIN CONTRUCTOR - 2.7 Wi0 ENRICHED PELLET -
---- GEQOMETRICAL ------------- *---- IMMERSION ----------mv---- *
(NO. OF%---- PERCENI --------- *(NO. OF%---- PERCENT ---------- x
SAMPLE) -~~~ -&%----1----%----3} SAMPLE) ----%----1----%----2
( 200 RANGE OF DENSITY, (XTD)
¢ 23 93.60 $3.80 1] 9]
¢ 24) 93 .80 - 94.00 s} 1 =
¢ 23) 94.00 - 94.20 1 0% ]
¢ 26) 94.20 - G4.,40 1 = 1 =
27 94.40 94.60 16 wxsxxwxxx 2 xx
{ 28) 94 .60 - 9%.80 21 KXTEXXXXEBXXK T XXX EXE
( 29) 94.80 - 85.00 43 KENERXALXENEEENXKELRKEAKS T xExEsX
¢ 307 95.00 - 55.20 35 FEXERXKEERRKREREK K XK 15 EXFAREEXXERXAK
( 31) 95,20 - §5.40 27 EXTEXEXKEXXXE 23 EEXTXXETIRXELLER
(32 95.40 95.60 14  S¥£XERXX Ph  XRAAREKXEFMAKERXKKFERRL
(¢ 33) 95,80 - 85,80 11 EAXEXNE 1% EXFEEXIXEETXXREREXK
( 342 95.80 - 95.00 6 *xx 10 xxwxxxxxs
¢ 35) 96.00 96.20 4 ¥ 2 x=
( 360 96.20 - 96.40 0 0
B T TR T e e B AR
¢ 40y TOTAL NUMBER OF SAMPLES 174 113
¢ 50) AYERAGE, (XTB) 95.088 95.359
¢ 51) STANDARD DEVIATION(1 SIGHMAXY(XTD) 0.389 0.385
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(99%) REFERECNCES SEE FON-140008.
______________________________________________________________ "
D ~60 — 78—



JAERI-M 86-101

xx¥*% [UEL PERFORMANLE DATA  x*x% DATE = 85-05 **¥PAGExx (D- 61)
<* 140012 %> JPDR-IT FUEL PELLET DENSITY MEASUREMENT (3) ¥x% 140017 *x
BWR
& 9¢
JPDR-I1

RS R R R I EE LR C DR SR RECDEL MR P SR e R D

C 10} MANUFACTURE SUB-COMTRUCTOR - 2.7 W/OQ ENRICHED PELLET -
-~-- GEOMETRICAL ------------- ¥---- [MMERSTION ------neemwmron- *
(NO, OF%---- PERCENT --------- x(NO. OF%---- PERCENT ---------- *
SAMPLE) ----%----1----%----2 SAMPLE) ----X%X----1----%----7
¢ 20) RANGE OF DENSITY, (ZT1D>
23 93.60 - 93.80 0 0
{24 33.80 - 94,00 1 % 0
{ 25) 94,00 - 94,20 0 0
¢ 263 94.20 - 94.4Q 0 1 *x
273 94.40 - 94.80 3 omExEKR ]
¢ 28> 94.60 - 94,80 11 EXERKEEEKRE KN KKK KR 0
2% 94.80 - 95.00 15 HEKKEKKERKKKKKKEKEXRKKKXKEL 3 XKREKRK
¢ 307 95.00 - 95.¢20 15 HEEREAKAERK AL KR ILKEERRERKKT 1] HKMEKKAEAXKEREKE KKK KN
¢ 31) 95.20 - G5.40 4 RKRAKNEN TR KKK EXXFEAXE KRR AL KE AL KR
{322 95.40 - 95,80 1 %% 1O HORROE A KROK 30K K KK KKK KK
¢33 95.50 - 95.80 7 OKEEX T OXEERKKXE KKK KK
{ 34) 95.80 - .00 0 2 KEkEX
C 367 96.20 - 95.40Q o) 0
B e e e e e ]
C 40) TOTAL NUMBER 0OF SAMPLES 52 52
¢ 50) AVERAGE, (XTDY 94,0952 95.341
¢ 51) STANDARD BENMIATIONCT SIGMAY (ZTD) 0.303 0.271
______________________________________________________________ %
(999 REFERENCES SEE FDN-140008.
______________________________________________________________ %
<% 140013 %> JPOR-I1 FUEL PELLET DENSITY MEASUREMENT (62 ®x 140013 =x*
BWR
7
JPOR-TI1I

S (1Y Ee - {2)emo s o (3 ke (R) Ao - (3D oo (B-ke--(TI-k--- ()%

( 10> MANUFACTURE MAIN LONTREBCTGR - 2.0 W/0 ENRICHED PELLET -
---- GEOMETRICAL ----n---n--=-- *---- [MMERSION ---------~~=---- *
(NO. OF*---- PERCENT --------- ® (NO, OF%---- PERCENT ---------- *
SAMPLEY ----%----%{----%----7 SAMPLE) ----%----1----%----7

( 20) RANGE OF DEKWSITY, X1

« 23) 94,00 - 94.20 0 0

{ 26) 94,20 ~ 94,40 f O OEKEKEAKLEKEEEKK IO KK [}

277 94,40 - 94,80 3 EREKRACKERK o)

( 28 94.80 - 04,80 [3) EEEEEETER LR LK LR KR 3 EEE KRR LR KR E R RN RN

( 29) 94,80 - 95,00 5 KK KR KR KKK MO KR 0

{ 30> 95.00 - 95,720 3 ORAXREKAEENR 5 XERXKKEENKKEEKKK KRR R KRR

€ 312 95,20 - 95.40 2 REXEEKK 0

« 322 95.40 - 85.60 1 xxx 1 wxrErkxx

C 33) 95.60 - 95,80 4 REEXEKERE KKK 7 OEEREKEEEKEEREENER

¢ 347 95.80 - 96.00 0 1 *xxxxxxx

¢ 35) 96.30 - 96.24 Q 1 XEXKKE KK

< 36) 96 .20 - 96.40 0 0

e i Bl e A Rt bl Bk s S

{ 40) TOTAL NUMBER OF SAMPLES 30 13

¢ 50) AVERAGE, S AND] 94,862 895.269

51 STANDARD DEVIATIONCT SIGMAY CXTDD 0.463 0.4580
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "

(999) REFERENCES SEE FDM-140008,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, «



JAERI-M 86§-101

xx% FIUEL PERFORMANCE DATA  #%x DATE = 86-05 **PAGEx% (D- 62)
<* 140014 *> JPOR-I1T FUEL PELLET DENSTTY MEASUREMENT (7} wH 1400714 mx
BWR
TI7
JPDOR-11
ek (2) k- () e (G K oo (5) e - (B ke (T)-k---(8)-%

¢ 10) MANUFACTURE SUB-CONTRUCTOR - 2.0 w/0 ENRICHED PELLET -
---- GEOMETRICAL ------------- Fewme IMMERSION - ---rmmremmmm e o *
(NO., OF#---- PERCENT --------- *(NO, OF%---- PERCENT ---------- *
SAMPLE) ----2----1----%--- SAMPLE) ----%----1----%----7
20 RANGE OF DENSITY, [¢AN)))
(23 83.75 - 94.0Q 0 o
(243 94,00 - 24,25 1 KK KKK KK 1 AR K KK KRR
( 25) 94,725 - 94.50 3 EEE ST EESE ST EL S ST SN 1 HEHRRKEREEXK
( 28) 94,50 - G4.75 3 EERKEKKEEKKEE KKK KKK K ? EESF S S SIS SRS ¢4
27y 94,75 - 95.00 1 EXEXEKEAXKHE I O RKMKK KKK KKK AKN KRR
¢ 28) 95.00 - 93.25 Q T XERAACRERENE
2% 95.25 - 95.50 0 0
M 95.50 - 95.75 1 EXEEXERAKKE 1 XEXERRKERRR
C 30 95.75 - 96.00 0 &]
B e e R Al ee Koo -H----2---§
400 TOTAL NUMBER OF SAMPLES 9 9
( 30)  AVERAGE, (1D 94,616 94,830
( 51 STANDARD DEVIATIONCY SIGMAY(ZTD) 0.403 0.442
______________________________________________________________ ¥
(999) REFERENCES SEE FON-140008.
______________________________________________________________ %

<x 140015 %>

S (1) -Ee oo (2%

(3 %- (4%

THERMAL SINTERING TEST CONDITION FOR PELLET DENSIFICATION

PR SRR SRR

#% 140015 #x

SO RLTEER e PR

¢ 10 TEST TEMPERATURE, (DEG-C» 1600. 1700,

¢ 200 SINTERING TIME, CHRY 5. 24,

¢ 30) REFERENCE NO. --- REF-1) ----=x
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x

¢999) REFERENCES REF-1) : V.PASUPATHI, R.W. KINGENSMITH, *INVESTIGATION GOF
STAINLESS STEEL CLAD FUEL ROD FAILURES AND FUFL PERFORMANCE TN
THE CONNECTICUT YANKEE REACTOR’, EPRI NP-2119 (NOV. 1981),P.2-3
______________________________________________________________ x

D-62 — 80—



<% 140016 *>

¢o10)

i1)
14)
143
157
163
17>
18
18>

P e T s

(9973

(9959)

R E

PROCESS

STANDARD PELLET PROCESS
SWAGED PELLET PROCESS

SWAGED PELLET PROUCESS
TWO-PASS COLD-SWAGED POWDER
THREE-PASS COLD-SWAGED POWDER
THREE-PASS HOT-SWAGED POWDER
VIBRATORY-COMPACTED POWDER
TANDEM-ROLILED PCWDER

NDTES

REFERENCES

JAERI-M 86-101

FUEL PERFORMANCE DATA xxx DATE = 86-05 **PAGExx® (D- 63)

COMPARATIVE MANPOWER COSTS FOR FUEL FABRICATION PROCESSES *% 140016 ==

T ) A () koo (F) e {A) K (5) R (B) E--- (7] x- - (8)-%

COST RATIO
(NORMALIZED?

1.00 : GROUND PELLETS WITH 4-9-MIL DIAMETRAL GAP.

1.06 : GROUND PELLETS WITH GAP REDUCES BY LIGHT SWAGE PASS.
0.886 : UNGROUND PELLETS WwITH GAP REBUCED BY LIGHT SWAGE PASS.
0.8858

0.771

0.771

0.923

0.86723

IN THE TWO-PASS SWAGED POWDER PRUCESS, THREL PARTICLE-SIZE
FABRICATIONS OF POWDER MUST BE USED TO ACHIVE A HIGH-DENSITY
END PRODUCT: POWDER IS LOADED INTO TUBES, VIBRATORY COMPACTED,
AND RUN ONCE THROUGH A ROTARY SWAGING MACHINE USING DOUBLE
REDUCTION DIES. THE END RESULT IN A FUEL ROD AT 90-93% OF
THEQRETICAL 00-2 BENSLTY (REF-3).

THE TREE-PASS SWAGED FDOWDER PROCESS, WHICH REQUIRES ONLY ONE
PARTICLE-SIZE MATERIAL, CONSISTS OF A DOUBLE REDUCTION PASS AND
A SINGLE REDUCTION PASS AND YIELDS A FUEL ROD WITH 91-94% OF
THEQRETICAL UD-2 DENSITY (REF-4),

THE HOT SWAGING PROCESS INTRODUCES AN ANNEALING STEP BETWEEN
THE SECOND AND THIRD PASSES OF THE THREE-PASS PROCESS. THE END
RESULT IS A ROD WITH UD-2 DENSITIES >=95% OF THEORETICAL
(APPROACHING THAT OF SINTERED PELLETS) WITH A CLADDLNG MATERIAL
IN 4 ALMOST THE DEAD-ANNEALED CONDITION (REF-4).

THE TANDEM ROLL PROCESS SUBSTITUTES 4 SERIES OF GROOVED TANDEM
RGLLS FOR THE SWAGING MACHINE. POWDER PREPARATION 18 MORE COM-
PLEX THAN FOR ANY OF THE FABRICATION PROCESSES AND REQUIRES

-10 SCREEN-SIZE FRACTIONS BLENDED [N PROPER PROPORTIONS PRIDR
TO LOADING [NTG ROOS. THE PROCESS REQUIRES VIBRATORY COMPACTION
PRIOR TO ROLLING AND RESULTS IN & UD-?2 DENSITY OF 88-89% OF
THEORETICAL (REF-573,

THE VIBRATORY COMPACTION PROCESS UTILIZES NO DTHER METHOD FOR
ACHIEVING HIGH DENSITY THAN SELECTIVE BLENDING OF SPECIFIL
SCREEN SIZES (REF-85). THE DESIRED FINAL DENSITY DETERMINES THE
NUMBER OF SCREEN SIZES REQUIRED (I.E., HIGHER DEMSITY, MORE
FRACTIONS)

R.N. DUNCAN ET. AL., NUCLEONICS 23(4), P.S51 (APR, 1965).
SEC FON-TO0216.

REF-3) C.M. RYER, ‘POWDER FUEL PROCESSING BY TWD-PASS SWAGING’,
GEAP-3891 (APRIL 10, 1962).

REF-4) E.A. LEES, ‘FABRICATION OF FUEL ELEMENTS BY SWAGING’,
GEAP-3918 (MAY 21, 1962>.

REF-5) J.W. LINGAFELTER, *FABRICATION OF FUEL RODS BY TANDEM
RGLLING*, GEAP-3775 (JULY, 1961).

REF-6) W.R, DEHOLLANDER, ‘VIBRATIONAL COMPACTION OF URANIUM
DIOXIDE’, GEAP-4032 (MARCH 1, 1962).

—81— D—-63



JAERI-M B6-101

*¥xx  FUEL PERFORMANCE DATA  xxx DATE = 86-05 *APAGE®® (D- 64)

<* 1400617 *> EQUIVALENY BORON CONTENT - EBC - *% 140017 *x

THE TOTAL IMPURITY CONTENT FOR NUCLEAR GRADE URANLUM DIOXIDE,
SINTERABLE, SHALL NOT EXCEED THE "EQUIVALENT BORGN CONTENT'
(EBLC) DF 4 PARTS PER MILLION ON A WEIGHT BASIS.

THE FOLLOWING LISTED ELEMENTS ARE TO BE INCLUDED IN THE CALCUEA-
FION OF THE EBC BUT ARE NOT NECESSARILY ALL THE ELEMENTS T BE
CONSIDERED IN THE TOTAL IMPURLITY VALUFS FQR THE ELEMENTS LISTED:
8, CD, CR, CQ, CU, FE, PB, MN, MO, NI, SI, AG, SN, DY, EU, GD,
SH.

ST K (2) koo (30 ko {4) X (5] ke (6) K- (TI----(8)-X
BORGN EQUIVALENTS FOR IMPURITLIES IN LRANIUM

SIGMA(A)Y ATOMIC EBC PART
(BARNS) WEIGHT PER MILLION

7777777 L EEE RS EEEEES
€101 IMPURITY
¢ 11 ALUMINTUM 0.230  ?25.98 0.000122
C1D BARIUM 1.170 137.34 0.000122
¢ 13 BERYLLIUM 0.010  9.01 0.60001S
C 1) BORON 755 10.81 0.999999
¢ 15 CALCIUM 0.43  £0.08 0.000153
¢ 18> CADMIUM 2550 112.40 0.325097
10 CARBON 0.00373 12.01 0.000004
€ 18) CHROMIUN 2.90  52.00 0.000799
€M COBALT 38.00  58.93 0.009239
€20 COPPER 3.85  63.54 0.000868
€20 IRON 2,62  55.85 0.000672
¢ 2D LEAD 0.170 707.19 0.000G11
¢ 23 HAGNES UM 0.069  24.32 0.000049
<240 HANGANESE 13.20  54.93 0.003443
¢ 25 MOLYBOENUM 2.70  95.94 0.000403
¢ 26) NICKEL 4.60  58.71 0.001122
¢ 2N NITROGEN 1.88 14.00 0.001924
C 28) OXYGEN 0.0002 16.00 -
¢ 29) PHOSPHORUS 0.19  30.97 0.000087
€ 30 STLICON 0.13 28.09 0.000066
€30 SILVER 82.0 107,87 0.008236
€3 TIN 0.60  118.7 0.000072
€313 TUNGSTEN 19.20  182.85 0.001496
€30 VANADIUM 5.06  50.94 0.00140%
¢35 ZINC 1.10 65.37 0.000241
¢ 363 ZIRCONIUM 0.185  91.22 0.000029
¢ 37) SAMARIUM 5500 150.35 0.524575
¢ 38 EUROPIUM 4600 152.00 0.433973
¢ 3P GADOLINTUM 46000 157.26 4.19458
€40 DYSPROSIUM 1100 162.51 6.097064
——————— LRt Tl e utiet e Py U
(997)  NOTES EBC 15 TO BE CALCULATED BY THE FOLLOWING FORMULA.
EBC=CCATOMIC WEIGHT BORON)*CSIGMACAY IMPURITY))/
(CATOMIC WEIGHT IMPURITY)*(SIGMACA} BORDN))
*(PPH IMPURITY)
WHERE
SIGMACA)=2200 METERS PER SECOND THERMAL NUETRON ABSORPTION
CROSS SECTION.
_______________________________________________________________ X
{999) REFERENCES PROPOSED AMERICAN STANDARD, A.S.A. SPECIFICATIONS FOR NUCLEAR

FUELS,



<X 140018 x>

(997)

{999)

DIAMETER

LENGTH

WEIGHT

DENSITY

KOTES

REFERENCES

JAERI-M 86-101

FUEL PERFORMANCE DATA xsx DATE =

METHOD OF MEASUREMENT FOR PELLET GEOMETRICAL DENSITY

86-05 *KPAGEx® (D- 65)

*x 140018 *x

THE GEOMETRICAL DENSITY OF THE FIRED PELLETS, AND THE GREEN
DENSITY OF THE UNFIRED PELLETS SHALL BE DETERMINED AS FOLLOWS:

S 1 K- (2) koo (F) K- (A) ¥ (5) oo (BY-®---(7)-%---(B)-%

RECGRD THE AVERAGE OF 5 READINGS TAKEN UNIFORMLY FROM LACATION
BETWEEN 1t/16 INCH FROM EACH END OF THE PELLET.

RECORD THE AVERAGE OF 3 READINGS ACROSS A DIAGONAL.
DIAMETER AND LENGTH ARE TGO BE MEASURED WITH A STANDARD FLAT-
NOSED MICROMETER AND RECORDED TO THE NEAREST 0.0002 INCH

WEIGHT OM A METTLER (OR EQUIVALENT)
0.001 GRAM,

BALANCE TO THE NEAREST

CALCULATE THE DENSITY OF EACH PELLET TO THE NEAREST 0,01 GRAM

PER CUBIC CENTIMETER,

TD C(THEORETICAL DENSITY} DF UO-2 SINTERED PELLET 18§ 10.965 GR/CC

ﬁ.83._



JAERI-M 86-101

*¥xx  FUEL PERFORMANCE DATA xx=x DATE = B6-05 *%xPAGEx* (D- 66)

<% 150001 »> ZIRCALOY TUBE CHEMICAL REQUIREMENTS - ASTM DESIGNATION - *x 150001 *x

S e () w3 E e () k- (5) -k (6) -k - (D)o ®--- ()%
€ 1) ASTM DESIGNATION: ASTH B 353- 60T 62T B 64T ----- *oo - 69 ~----- x

¢ 23 GRADE RA-1 RA-1 RA-1 RA-2 RA-1 RA-2

———————— ALLOYING ELEMENTS, UNIT IS WELGHT PERCENT -----------
{ 10) CHEMICAL COMPGSITION

€113 TIN ) 1.20 1.20 THE SAME 1.20
ToO 1.7¢0 TO 1.70 AS TO 1.70
C12 1RON 0.07 0.18 COLOUM o0.18
. 0 0.20 T 0.24 (1. T0 0.28
15 CHRONIUNM G.03 THE SAME AS 0.07 0.07
TO 0.15 vALUES IN 10 6.13 TO 0.13
¢ 14) NICKEL 0.03 COLOUM (1), ---- -
TG .08
13 TOTAL:
16 IRON+CHRONIUMYNICKEL 0.14 0.28 0.28
16 .38 TG §.37 TO 0.37
******** TMPURITES, MAXIMUM  ---------mmmmmmmmmmmicina o
e L . WEIGHT PERCENT ------ x
( 20) CHEMICAL IMPURITIES
20 ALUMINUN 5. 5. ¢.0075 0.0075 0.0075 0.0075
2 BORCN Q0.5 0.5 0,Q00005 ¢.00005 0.00045 0.00005
25 CADMIUM G.5 0.5 0.080005 C.00005 0.00005 0.00005
(24 CARRBGN 500. 5Q90. Q.027 Q.g027 0.027 g.027
(25 CHLORINE 20.
20 COBALT 20, 20, G.0020 0.0020 0.0020 0.0020
{8 COPPER 53, 0. G.0050 0.0050 G.005G 0.0050
( 26) HAFNIUM 200. 100. 0.020 0.020 0.020 G.020
[ Tep] HYDROGEN 25. 25. 0.0025 0.0025 0.0025 0.0025
(32 LEAD 130. 130.
{33 MAGNESIUM xAj 20.
¢ 34 MANGANESE 50. 50. 0.0050 0.0050 0.0050 0.0050
¢ 35) NICKEL 0.0070 0.0070
{ 36) NITROGEHN 80 14 0.0080 0.00B0 0D.00B0 0.0080
30 OXYGEN LA *8 *L *C *C LM
¢ 38 SILICON ' 120. 120. 0.020 0.0120 0.020 0.0120
¢ 39) SODIUM *AJ 20.
{ 40) TITANIUM 50. 50. 0.0050 0.00s50 0.0050 0.0050
{41) TUNGSTEN 160. 100. G.010 0.01¢ 0.010 0.010
{ 42) URANIUM (TOTALD 3.5 3.5 0.00035 0.00035 0.00035 0.00035
(987) NOTES «A) 1 ANALYZL FOR MAGNESIUM OR SODIUM ACCORDING TO THE PROCESS
USED TN REDUCING TwWE SPONGE,
*f : AT THE OFTION OF THE PURCHASER AND THE LIMITS MUTUALLY
AGREED UPON. )
*( i WHEN SPECIFIECG OW THE PURCHASE QRGDER, OXYGEN SHALL BE

DETERMINED AND REPGRTED MAXIMUM PERMISSIBLE VALUES
SHALL BE AS SFECIFIED.
{998) REMARKS 1) RA-2 HAS RCEN REGISTERED ASTH STANGARD SINCE 1964,
2) RA-1 CORRESPONDS TC ZIRCALOY-2.
3) RA-2 CORRESPONDS TO ZIRCALOY-4.
ZIRCALGY-4 WAS LATER DEVELOPED FOR REDUCING ABSORPTION OF HY-
GROGEN DURING SERVICE L1FE. IK ZIRCALOY-4, NICKEL CCONTAINED
[N ZIRCALOY-23 IS REDWCED AND 1RON CONTENT I8 AB0UT 50 X
HIGHER THAN IN ZIRCALOY-2, S0 THAT IT [5 ALSO CALLED NICKEL
FREE Z1RCALQY-2.
IT 18 USED IN HYDROGEN-RICH WATER OR FOR FUEL PARTS REQUIRING
LONG SERVICE LIFE.

4) THE CONTRIBUTION TO THE LOW-TEMPERATURE TENSLILE STRENGTH OF
Z1RCONLUM ALLOYS MADE BY THE COMMON IMPURITY OXYGEN IS 1HMPGR-
TANT. OXYGEN EXISTS [N THE ZIRCONIUM LATTICE AS AN INTER-
STITIAL IMPURITY, AND OXEGEN ATOMS IWCREASE THE LATTICE
FRICTION STRESS BY INTERACTING WITH THE CORE OF MOVING
DISLOCATIONS. THIS EFFECT 15 STRONGLY TEMPERATURE DEPENDENT,
AND DXYGEN (AND NITROGEN ALIKE) CONTRIBUTES A MUCH SMALLER
FACTOR TO THE TEHWSILE STRENGYH OF ZIRCOWIUM ALLGYS AT 300
DEG-C OR HIGHER TEMPERATURES.

-C.0. WILLIAMS- DEVELOPMENT POTENTIAL OF ZIRCONIUM ALLOYS FOR
HIGH-TEMPERATURE APPLICATIONS- REACTOR TECHNOLOGY, VOL-13(23,
(SPRING 19700, P.P.149-130-



<x 150002 %> CLADDING MATERIAL

« D
¢

<100
3
4)
5)
6)
7
3)

P e e )

(110)
11
12)
13
14)
13
16)
17
18)
19)
20)
21
220
23)
24)
25)
26)
27)
28)
29)
30)
31
32)
33)
34)

T T T T T I N e T

(997)

(%99

MATERIAL
INGOT NO.

CHEMICAL COMPOSITICN
SN
FE
CR
NI
FE + CR + NI
IR

CHEMICAL IMPURITIES,
AL
8
Co
cA
C
CL
co
cu
HF
H
PB
MG
MM
N
Sl
TI
W
U
0
cB
HO
TA
v
NA

NOTES

REFERENCES

AKX

ZIRCALOY CHEMICAL COMPOSITION & IMPURITIES -

(Wil
Wi
(W/0)
W/
Wio)
W/0)

(PPHM)

JAERI-M 86-101

STUDVIXK
INTER-RFP
COMMON
DATA

FUEL PERFORMANCE BGATA

KK

DATE

= 86-05 xxPAGE** (D- 672

*H 1500072 xx

(1) -k (2 - (3) k- (A %o (5) - (B k- (7)) % - (B) %

{8PED (TOP)
ZIRCALOY-?
395481 @

---  CHEMICAL
1.20-1.70 1.56
0.07-0.20 0.14
0.05-0.15 0.17
0.03-0.08 0.05
0.18-0.38 0.31
B B
---  CHEMICAL
75 45.
0.3 0.3
0.5 < 0.2
30. <10.
270, 120,
20. < 5.
0. <10,
50. 12.
100, TE.
25. 7.
130. <25.
20. <10.
50. <25,
80. 39.
200. <50,
50. <25,
100. <25,
3.5 < 0.3
900-1400 1160.

120. <50,

5@, <10.

200. <100.

50. <25,

0. <10
B: BALANCE
_______ PO
$T1R-4, P.

(MIDDLEY (BOTTOM)
COMPOSITION ---%
1.54 1.41
0,14 0.14
0.1? 0.11
0.05 0,05
0.31 0.3
] ) B
IMPURITIES ---x
46. 41,
0.2 0.2
< 0.2 < 0.2
<10. <10.
110. 100,
< 5. < 5.
<10, <10,
16. 14,
T4, T4,

6. T.
<25, <25
<10. <10
<25, <25

14. 27
<50. <50
<?5. <29
<25. <25,
< 0.5 < 0.5

1160. 1160

<50, <30
<10, <10
<100. <100
<25, <25
<10 <10
T B ®
10, 11.

(0.9-1.4 W/0 SPED)



JAERI-M 86-10!

#«xx  FUEL PERFORMANCE DATA  kxx DATE = 86-05 *¥PAGE*x (D- 68)

<x 150003 %> ANALYSIS OF THE COMTENT OF GASEOUS CORSTITUENTS IN TUBES *% {50003 *x

STUDVIK
INTER-RP
COMMON
DATA

S () e (7)Ao () ke e (A K- (5 K- (B k- (TY-k---(8)-%

¢ 1) LOT NO. OR NAME (SPEC) *x--------- TAHT1-H -------=----- *
{ 23 SAMPLE NAME SSM1 55M2 AATHE-1 AATHL-2
¢ 11y H2 (PPM) <25 13 13 13 12
12 K2 {(PPM) <80 3? 34 35 41
13> 02 (PPMY 1000~ 1240 1220 1235 12438
1600
¢ 13 LOT WO. OR NAME (SPECY *--------~ TAHL1-8 --rmmmmmmmmme *
( 23 GSAMPLE NAME SGM3 55M4 AAIS4-1 AA/S4-2
C 11>  H2 {PPH) <23 14 14 12 12
(12> W2 (PPM) <80 34 32 35 35
¢ 13 072 CPPMY 1000- 1180 1200 1193 1200
1600
——————— Rt e . R i i |
( B0) REFERENCE STIR-4, P-32, TABLE 14.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, X

<k 150004 %>  WALL THICKNESS OF TUBES - MEASUREMENT, INTER RAMP - *x 150004 *xx

STUDVIK

[NTER-RF

COMMON

DATA

RS O G e R e O S RSP EL EEEY SEL SRR SR EEE ¢ PR

¢ TUBE LOT Ng, ‘oo TAK11-§ -------m-o--- - *

« oD SAMPLE NO. " 12 13 i4

¢ » FUEL RDD WO. TR1 Rz HR3.2 LRI

¢ 11)  MIN. AT MARKED END (MICRON-M> -14 - 19 14 -19

¢ 12)  MAX. AT MARKED END (MICRON-M) 18 16 11 21

¢ 21) MIN. AT UNMARKED END  (MICRON-M} -1 -14 - 24 -19

¢ 22)  MAX. AT UNMARKED EKD  (MICRON-M) 26 16 16 16

€ 31 T{MAX)-TOMIND (NICRON-K> 45 35 40 40

——————— R et T R T . ]

€997) NOTES MEASUREMENT VALUES ARE DEVIATIONS FROM THE NOMINAL

VALUE OF 864 (MICRON-M).

(%99) REFERENCES STIR-4, P-42. TABLE 19.



<x 150005 x>

113
212
261
22
261
245

. e em e -

12)
21
223
24)

e

132
217
22)
24)

s e

T14)
21
221
24}
152
21
22y
241

e e e )

25}
21)
22)
24)

~ s e

387

(598>

KKK

ASTM DESIGNATION ASTM B 353-
GRADE
ANNEALED
TENSILE STRENGTH, MIN (PSI)
(KGF I MMxxZ)
*YIELD STRENGTIH, HIN (PSD)
(KGF/MMxx2)
ELONGATION EIN 2 INCH, MIN, (X
QUATER HARD
TENSILE STRENGTH, MIN {FSI)
*YIELD STRENGTH, MIN (PS12
FLONGATION IN 2 INCH, MIM, (X
HALF - HARD
TENSILE STRENGTH, MLN (P51
®YIELD STRENGTH, MIN (P51
ELONGATION 1IN 2 INCH, MIN, (%)
TEMPER M-12
TENSILE STRENGTH, MIN (PSI)
*YLELD STRENGTH, MIN (P3is
ELONGATION IN 2 INCH, MIN, (%)
TEMPER H-14
TENSILE STRENGTH, MIN (PSI)
*YICLD STRENGTH, MIN (P8I
ELONGATION IN 2 INCH, MIN, OO

COLD-WORKED AND STRESS RILIEVED

TENSILE STRENGTH, MIN (PSI)
*YIELD STRENGTH, MIN (PSID
ELONGATION IN 2 INCH, MIN, (XD
NOTES
REMARKS

FUEL PERFORMANCE DATA

MECHANICAL PROPERTIES OF ZIRCALDY TUBE TESTED AT ROOM TEMP.-ASTM

JAERI-M 86-101

KX DATE = 86-05 *xPAGExx (D- 89)

®¥x 150005 **

S () R () ke (3) A (4 ke s (§) e (5) Koo (T) k- (B) %
®ove §0T  ----%---- BT ----k---- B4T  ----k---- §9  ----x
R-1 RA-1 R-1 RA- 1 R-1 RA-1 R-1 RA-1
RA-2 R
_________________________________________________________________ x
42000, 60000, 42000. 50000. 42000. 50000, 42000. 50009
0. 42.
20006. 35000, 20000. 35000. 20000. 35000. 20000. 35000
14. vs.
18, 14. 25, 20. 25, 20, 25, 20.
________________________________________________________________ X
£0000. 75000
45000, B5000
a. 8.
80000, 95000
TOD00.  90000.
5 3.
________________________________________________________________ *
66000. 75000. 60000, 75000.
45000, 65000. 45000, 65000,
14, 12, 14, 12.
80000, 95000. 80GOO. 95000.
TO000.  9000O. TO0OG.  $C00C.
8 5. 8 5
__________________________________________________________________ x
x§ %
%B *8
*B xg
________________________________________________________________ .

* : 0.2 PERCENTY OFfSET.
*B: TO0 BE AGREED UPON BETWEEN THE MANUFACTURE AND THE PURCHASER.

FOR CHEMICAL REQUIREMENTS, REFER FDN-15Q001,

THIS TEST IS TENSILE TEST, DIRECTION IS LONGITUDINAL.

87— D-69



<* 150006 =>

JAERI-M B6-101

2) LOT NO. OR NAME
3)  SAMPLE NAME

11) TEST TEMPERATURE
12) 0.2% YIELD ST.
12)  0.2% YIELD ST.
13)  ULTIMATE ST.

13) ULTIMATE ST.

14) ELONGATIOH

14) ELONGATION

P . . S Y

2) LOT HO. DR NAME
3)  SAMPLE NAME

11)  TEST TEMPERATURE
12) 0.2% YIELD S§T.
12) 0.2% YIELD ST.
13)  ULTIMATE ST.

13> ULTIMATE ST.

14> ELONGATION

14y ELONGATION

P N e

2} LOY NO. OR NAME
3) SAMPLE NAME
11> TEST TEMPERATURE
12y 0.2% YIELD §T.
133 ULTIMATE ST,
14 ELDNGATION

o~ e .

23  LOT NO. DR NAME
3} SANPLE NAME

11> TEST TEMPERATURE
12)  0.2% YIELD 57.
13)  ULTIMATE ST.

14 ELONGATION

~ e

23 LOT NO. DR NAME
33 SAMPLE NAME
11)  TEST TEMPERATURE
12)  0.2% YIELD ST,
13) ULTIMATE ST.
14) ELONGATION

P e

2) LDT XO. OR NAME
3) SAMPLE NAME

11) TEST TEMPERATURE
12) 0.2X YIELD sT.
13)  ULTIMATE 5T.

14) ELONGATION

R

{ 79) REMARKS

D-10

xxx  FUEL PERFORMANCE DATA xx*x DATE = 86-05 **PAGE*x* (D- 70)
MECHANICAL PROPERTIES OF CLADDING TUBES - INTER RAMP - **¥ 150006 *x
STUDVIK
INTER-RP
COMMON
DATA

——————— Hee (1) En e (2] (3D X (ADoK (5) ko (G- En - (F)o%
(UNIT)  (SPEC)

*--- TAH11-H ---%--- TFAHi{1-§ ---x
at1 acz aLs acs
““““ ROOK TEMPERATURE -----%

(MPA) 330-434 353. 348.2
(HPA} 2413.7 598.5 503.3
{MPA) 496-600 521.9 519.2
(MPA) >482.6 670.2 684.
X)) > 30. 37, 37.
(%3 > 16. 26. 25,

*--- TAHLL-H ---%--- TAH11-5 ---%

acs3 QC4 GC? GC8
(DEG-C> 343, e 343 DEG-C ---------- *
(MPA) 110-165% 131.7 133.8
(HPA)  >275.8 292.3 310.3
{(MPA} 248-310 258.6 259.2
{(HPAY  >344.7 Q14,4 427.5
%3 > 30. 49, 49,
%y > 20, 27. 27.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
LREEEEEE PAHI1-H ------- ¥
Ad1 Ad2 AR3
‘‘‘‘‘‘ ROOM TEMPERATURE -----=%
(MPA) 520. 512. 510.
(HPAS r1z. 669, 695,
X 22. 22. 22,
x------ TAR11-§ -------- *
AAT AAB ARG
—————— ROOM TEMPERATURE -----%
{HPA) 378, 378. 37T,
(HPA) 534. 534. 534.
(%) 3z, 3. 32.
_______________________________________________________ .
X------- TAH11-H ------- *
ARG AAS AASG
(DEG-C)------ 300 DEG-C ------------ *
(MPA) 361 369. 343,
(MPA) : 464 . 461, 458,
i) 3. 19. 26,
LA 7AH11-§ ------- *
AA10 AAT1 AB12
(DEG-C) ------ 300 DEG-C ------------ *
(HPA) 157. 155, 168.
(MPA) 288. 286. 293.
[ S S 40. &4 44 .

RT = ROOM TEMPERATURE,
QL = GUALLTY CERTIFICATE SAMPLE,
AA = ASEA-ATOM RECIEVING INSPECTION SAMPLE.

THE FINAL TUBE ANNEALING TEMPERATURE AND TIME ARE
SELECTED TO YIELD THE SPECIFIED MECHANICAL PROPERTIES.

HELIUM ADDITIONS ARE USED FOR HEATING AND COOLIKG, BUT
ANNEALING IS DONE IN A VACUUM BETTER THAN 1.E-05 TORR.
INTERMEDIATE HOLLOWS ARE ANNEALED AT 677 DEG-C (1250 F2
FGR 45 MINITES. ACCORDINGLY, *SOFT’ TUBE PROPERTIES
WERE UBTAINED BY VACUUM ANNEALING AT 565 DEG-C (1050 F3
FOR 2 HOURS ('RECRYSTALLIZED- TUBE LOT NO. 7A11-3).

"HARD* TUBE PROPERTILES WERE, ON THE OTHER HAND, REACHED

_.88._



( 80) REFERENCE

<x 150007 *>  BURST PROPERTIES FOR CLADDING TUBES

2)  SAMPLE NO.

~ e

15) DUCTILITYx

( 12) HURST PRE SSURE

{ 15) DUCTILITy=

{ 79) REMARKS

{ 80) REFERENCE

<*% 150009 => CORROSICN PROPERTIES FOR ZIRCALOY CLADDING TUBES

1> TUBE LOT NO.

{

{ 2) SAMPLE NAME
¢ 12y TEST TIME

{ 13) WEIGHT GAIN

{ 79) REMARKS

1y TUBE LOT NI

(

C 2) SAMPLE NAME
{ 12) TEST TIME

( 137 WEIGHT GAIN
( 78> NOTES

¢ 1) TUBE LOT HNO,.
( 2 SAMPLE NAME
( 12y TEST TIME
(13> WEIGHT GAIN
( 78) NOTES

{ 79) REMARKS

{ 80) HREFERENCE

1) LOT NO. DR NAME

12) BURST PRE S3URE

’kk  FUEL PERFORMANCE DATA  xxx DATE = 86-05

(DAYS)
{MGR/DM*x2)

(DAYSD
(MGR/DMx%2)

(DAYS)
(HGR/DHxx2)

JAERI-M 86-101

X¥PAGE*#® (D- 71D
BY ANNEALING AT 495 DEG-C (923 F) DURING 4 HOURS (°STRESS
RELIEVED’ TUBE LOT ND. TAHI1-HY.

(FROM STIR-4, P-12.)

STIR-4, P-15, 12. TABLE 8.

*% 150007 xx

STUBVIK
INTER-RP
COMMON
DATA

ce 1) () = (3D -k e (A -k (5) X (B) K- (T)-k-- - (BY-%
TEMP.

(DEG.-C?
R TAHIL-H —-=--n- R TAH11-§ ------- *
* 1 % 2 * 3 x* 4 % 5 % 6 %
RT 820. 796, 826. 674, 668, 674.
RT 26. 31. 22. 49, 52. 9,
300. 499, 499, 4972, 317. 317. 320.
300, 28, 28. 29, T0. 9. 82.
——————— R e T e i I e |
* : (STUDVIK INTER-RAMP) THE DUCTILITY WAS CALCULATED
AS THE PERCENTAGE CIRCUMFERENTIAL IWNCREASE.
RT : ROOM TEMPERATURE.
............................................................... *
STIR-4, P-16, TABLE 9.
_______________________________________________________________ %

*% 150009 *xx

STUDVIK
INTER-RP
COMMON
DATA

ST e s (2) Ko mm (3] X (4) ko (5) K- (G He - (T)-xe-- ()%

¥------- STANDARD ------ *
#--- REQ’S ----xC241(T) C246(CY C247(B2
3 14 3 ? ?
<22 <38 13.7 11.6 13.7
_______________________________________________________________ %
(Ty: TOP OF AUTOCLAV
(Cy: CENTER OF AUTOCLAV
(B)Y: BOTTOM OF AUTOCLAV
REQ"S : REGUIREMENTS AS OF ASTM B 353,
_______________________________________________________________ *

R i il TAH1T-H -----mmmmemm e oo x
SSM1 SEH2 SSM3 SEM4 AE1 AE? AE3 AE4
14 14 14 14
14.2 13.2 13.3 14.1 34.4 32.8 33.6 33.6

E e ittt 7AH11-§ --------------- oo *
S5HY SSME SSMT S5M8 AE> AES AETY AE8
14 14 14 14
13.7 12.7 14.1 14.6 34.8 34.0 34.2 33.3
L N K
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x



KR

<% 150010 %> HYDRIRE ORIENTATION METHOD

¢ 1y SAMPLE IDENTIFICATION

¢ 2) GSAMPLE NUMBER

¢ 11) HYDRIDING METHROD

C12) MEDIUM

13 TEXP. {(DEG-C3, {(DEG-F?
€ 143 TIME C(HRS)
( 202 AFTER-TREATMENT

[ S TEMP. (DEG-C3, (DEG-F?
«22) TIME (HRSS
( 24) COOLING RATE (DEG-F/MIN)
€ 23> COOLING RATE (DEG-C/MIND
¢ 25 HYDROGEN CONCENTRATION, (PPH)
C 303 METALLOGRAPHY

3D ETCHING

30 NO. DF HYDRIDES/ZONE

{3 NO. OF WALL ZONES

U 34) ANGULAR INTERVALXFOR COUNTING

( 79) REMARKS

( 80) REFERENCE

<* 150011 *> HYDRIDE CGRIENTATION FACTOR

¢ TUBE £0T NO. DR NAME

o2y SAMPLE IDENTIFICATIGON
11 FN VALUE

1) TUBE LDOT NO. OR NAME

(G SAMPLE IDENTIFICATION
1 FN VALUE

£997) NOTES

{999) REFERENCES

FUEL PERFORMANCE DATA

JAERI-M 86-101

HHR DATE = 86-05 ®*PAGE®® (D- T2)

AND RESULTS FCR CLADDING TUBES k% 150010 *x
S5TUDYIK

INTER-RP

COMMON

DATA

S (1) K- (2 ko (33K (4] k- (5) koo (6) ko= (7) X (§)-%

SPECIFICATION = RESULT *
AE-PS-0002
SSM A
>2? >? >2
0.25 M LIOH 1 M LIGH H2
360. 316. 400,
36 i8. 2.
(NOT SPECIFIED) 399. -
5PM1 -
<25.
< 1.
100-150 10¢C. 200.
ACL, TO HND3- HNG3 -
AGREEMENT HF - HF
H?0
(ANODIZIMNG)
>100 . >100. >100.
3. 1. 3.
45-90 30-90 45-90

UNIT DF ABOVE VALUES IS DEG..

(FN) FOR CLADDING TUBES - INTER-RP. - % 150011 ==
STUDVIK

INTER-RP

COMMON

DATA

T - (2) k- (3K - (4) k- - (5) k-~ (B)-¥-- - (7)-%---{8)-%

(SPEC) H----vmmrmmmmmcooa s PAHI1-§  ormemmmmeooaa *
SPEC/AZ  SSM3 SSM4  AAYI/DZ  AAZ/OZ AAZ/MZ AA1-3/MZ AA1-3/1Z
<0.30 0.20 0.14  0.51 0.53 0.54 0.14-.24 0.14-.24
CSPECY ®---- TFAHL1-H --%
SPEC/AZ  $5M1 SSHe
<0.30 0.02 .01
________________________________________________________________ .
0Z: DUTER ZOME, MZ: MIDDLE ZONE, [Z: INNER TONE, AZ; ANY ZONE.
_______________________________________________________________ x
STIR-4, P-20, TABLE 12.
_______________________________________________________________ x
00 —



JAERI-M 86-101

***% FUEL PERFORMANCE DATA xxx DATE = 86-05 ¥xPAGE®*x (0- 73}
<*x 150012 *> GRAIN SIZE IN ZIRCALOY TUBES - INTER RAMP - *% 150012 *x%
STUDVIK
INTER-RP
COMMON
DATA

S (1) M (2) % e = (3 oo - (4) -E- - (5D K- (B) K- (7)-¥---(B) ¥

€ 1) LOT ND. R TAHIL-H ------- - S EEREEE TAHI1-§ ---------- x
€ 2) SAMPLE NAME S5M1 SSMZ  SSM3 SSH4  SSMs  SSMa SSM7T  SSMB
¢ 110 GRAIN SIZE (ASTM NUMBER) 11.5 11.5 12,0 11.3 11.5 11.5 11.5 1.5
¢ 210 CROSSECTION L L T T L L r T
________________________________________________________________ x
(997)  NOTES L = LONGITUBINAL CROSSECTIOK/ T = TRANSVERSE CROSSECTION.
_______________________________________________________________ *
(999> REFERENCES STIR-4, P-23,
________________________________________________________________ x
<x 150013 %> CLADDING MATERIAL - STAINLESS STEEL CHEMICAL COMPOSITION & IMP.- *x 150013 xx
PWR
11211
MUTSU

T (1) Ao (2) k- () Koo (4) K- (5) ke (B) K- (T)-%---(8)-%

¢ N MATERIAL sUs-27
LOW COBALT
€ SPEC )
S WIO-%

€10 CHEMICAL COMPOSITION

T NICKEL 8,00
6 11,00

C1D CHRONIUN 18.00
T0 20.¢0

€13 LRON B
_______________________________________________________________ X

¢ 20 IMPURITIES,  MAX.

¢ 21y CARBON 0.8

€22 SILICON 1.00

¢ 233 MANGANESE 2,09

¢ 241 PHOSHATE 0.04

¢ 25) SULPHER 0.03

€ 26) CogaLy 0.05
_______________________________________________________________ X

(%97) NOTES B : BALANCE.
_______________________________________________________________ x

(999) REFERENCES INS-09, P.10 (MAY 1972)
_______________________________________________________________ x

—91- D-73



JAERI-M 86-101

dokx FUEL PERFURMANCE DATA  &xx DATE = 86-05 xxPAGERx (D- T4)

<% 150014 x> JPDR TEST ASSEMBLY NO.,1 ZRY-2 TUBES AND BARS TEST DATA <(1/3) ®¥x 150014 *x
BWR
6X6
JPDR

oo ll) k- (2 -k - - () % --(4)-%---(5)-%---(B)-%x---(T7)-%x---(8)-%

¢ 1) MAKER -- A INGOT NO (TUBU TT2-1827) --
(BAR TT2-1586)
¢ 2y CowDITION  eeeeooooo QUARTER HARD -----------
¢ 3> L0T WO, A-1 A-2 B-1 B-2 B-3
¢ 4) TUBE NO. R1-18 #20-54 K56-72 #73-80 K#86-96
¢ 5y NO.OF PCS. #256-265
_______________________________________________________________ x
¢ 11)  MECHANICAL PROPERTIES
1 Y.S 0.2 % 114K > 45 KG/SQMM 50,1 55.0 54.1 53.5 53.7
52.0 54.6 52.6 54.3 53.8
1D > 24 KG/SQMM  50.4 50.3 52.2 51.5
€14 U.T.S > 52 KG/SQMM  53.0 55.7 55.7 55.5 55.4
54.0 54.8 54.8 56.1 55.5
¢ 15) > 42 KG/SAMM  53.3 54.2 55.3 55.0
€ 16) ELONGATLION > 8% 13.5 11.8 11.8 12.0 13.6
12.0 1.4 10.4 13.0 13.2
CAm > 14 % 12 11 14 13
¢ 18) FLARE > 15 % 43 50 43 48 45
6000 600D 6000 G00s  GOO0D
NO CRACK 42% CRALK
_______________________________________________________________ x
€ 19)  BULRST YIELD KG/SACM  £05 615 600 605 565
615 600 580 610 565
¢ 20) BURST 1/4H >600 KG/SQLM 750 710 630 705 720
760 720 (580> 720 720
710
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
¢ 210 GRAIN SIZE (ASTMY > ¥7 9.0 9.0 7.5.7.5 7.5,7.5 7.5
¢ 22) CORROSION < 22 MG/DMxx2  3DAYS 13.69 15.09 14,96 17.12  18.58
¢ 23 < 38 MG/DM*x2 14DAYS
______________________________________________________________ *
¢ 24) FINISH PRODUCT H < 25 PPM 12 22 23 24 21
€25 N < 80 PPM 10 32 31 16 35
¢ 26) 0 PPN 620 1080 623
_______________________________________________________________ x
{ 79) REMARKS
_______________________________________________________________ ,
{ 80> REFERENCE C-94
_______________________________________________________________ x
D-74 —92-



<* {50015 %>

o 2
C 3

[ S
C 35

1)
{12)

€ 167
173

200

« 217
22
€ 233

« 24)
« 25
{ 26)

MAKER

CONDITION
LOY NO.

TUBE NO.
HO.OF PLS.

MECHANICAL PROPERTIES

Y.5 0.2 %

ELONGATIONK

FLARE

BURST YLELD

1/4H

0

1/74H

1744
0

>

W

45

24

52

42

13

BURST 1/4H4 »600

GRAIN S17E
CORROSION

FINISH PRODUCT

REMARKS

REFERENCE

(ASTMD
< 22 WG/DMxx2
< 38 MG/DM*®x2 14DAYS

H
N
1]

>

#7

* K sk

KG/SEMM

KG/SGMM

KG/5QMM

KG/SaMM

KG/SQCM

KG/SACM

< 25 FPM
< 80 PPHM

PPM

30AYS

JAERI-M 86-101

RS SR LR RS EE EERN ML

B

1

FUEL PERFORMANCE DATA

JPDR TEST ASSEMBLY NO.1 IRY-2 TUBES AND BARS

INGOT NO

--  QUARTER HARD

2

(Tugu
(BAR

3

£X% DATE = 84-05 *xPAGE®® (-
TEST BATA
BWR
6X6
JPOR

JPFD483 JPFD484E JPFD48S JPFD4B6 JPFD43T
101-105 106-130 131-157 158-173 174-191

52.7
51.9
48.7

53.
53.
53.1

[

13,12
10 -

45
GooD

24 X
STOPPED

7.8

22,21
29
29

49.1
49.7
51.6

53.4
55.1
56.8

14,14
12

43
GoOON

23 %
STOPPED

8.2
16,21
27

51.6
53.2
37.6
40.3
52.1
50.8
54.2
55.5
54.8
50.2
53.3
53.0
13,13
15,16
12,12
45

3.0
21,25
29.2
27 .6

75)

*x 150015 =

S (AR (5) k- {B) k- (T)-k-- (@)%
V-1043)  ----
V-1044)
4 5
_______________________________________________________________ *
55.2  52.0
54.1 56.0
53.1 54.5
56.5  57.2
55.8  55.8
56,7  S8.4
10,9 9,9
12 10
50 50
41 % 45 %
_______________________________________________________________ "
710 750
730 770
_______________________________________________________________ x
8.5 8.5
20,27 25,20
27.1  30.3
31.3 27.0
_______________________________________________________________ *
20 24
20 27
_______________________________________________________________ x
________________________________________________________________ x
_______________________________________________________________ »
D =75

A,QSA_




<x 150016 %>

JAERI-M 86-101

(33

*%%  FUEL PERFORMANCE DATA  x%% DATE = §6-05 **PAGEx¥x (D
JPDR TEST ASSEMBLY NO.1 ZRY-2 TUBES AND BARS TEST DATA *% 150016 *x
BWR
6X6
JPOR

(8)-»

R e e R e R e S RGP EL EEEN S FL LT
¢ 1y OMAKER e £ e
€ 23 CONDITION -QUARTER HARD- ~FULL ANNEALED-
€ 3y LDT NO. INGDT ND 34295 [NGOT NO 34315
LOT  NO 2667 LOT N0 2575
¢ 4y TUBE NO. 501 - 899 901 -999
( 353 NO.OF PL39. 280 100
_________________________________________________________________ x
€ 11)  MECHANILAL PROPERTIES
€12 Y.5 0.2 % 1740 > 45 KG/3QMM 501 i7.?
55.6 38.9
€13 0 > 24 KG/SGMM 47.7
¢ 14) U.T.8 174H > 52 KG/SGMM  67.5 53.4
67.6 53.2
€15 0 > 42 KG/SQMM 82.5
¢ 16) ELONGATION  1/4H > 8 % 14.0 28.0
17.0 25.0
€1 0 > 14 % 22.8
€18 FLARE > 15 %
19.8 20.0
29.2 20.0
_______________________________________________________________ "
€ 19)  BURS) YIELD KG/SACM  685.5 492.2
7734 509.7
¢ 20) BURST 1/4H >600 KG/SQCM  738.3 650. 6
791.0 6504
_______________________________________________________________ %
€ 210 GRALN SLZE (ASTHMY > 47 LONG #8
TRAN #8
( 22) CORROSIONW < 22 MG/OM¥x2  3DAYS 15.4 18.7
15.3 22.7
25 < 38 MG/DMX%2 14DAYS
¢ 24) FINISH PROBUCT  H < 25 PPHM 13 15
12 15
¢ 25) No< 80 PPN 32 26
32 26
< 26) ] PPN
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
¢ T9)  REMARKS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
¢ 80) REFERENCE £-94
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
D -176 — 94—



<% 150017 =>

S~

e R T e T e T T T S ey

1)
3]

11>
12)
133
142
157

163
173
183
1%
200
D
22
23)
24)
25)
26)
27)
28)
2:
30
3D
32)
33
342

352
36
372

38

T9)

80)

INGOT NO.
POSITION

ALLOYS

FE+CR

OTHERS

SN
FE
CR
NI
NI

AL

CA
co
CcL
co
cu
HF
MG
MN
MD
NA
PB
S1
Ti

U

SIZE  (TUBE)

REMARKS

REFERENCE

.20
.07
.05
.03
.18

Lo T B T QPSRN

75
0.5
500
30
0.5
20

AN A N A A A

<100
< 20
< 50

<130
<120
< 50

<100

< 3.5

< 25
< &0

Len N we I e T e B

.70
.20
.15
.08
.38

PPM
PPH
PPM
PP
APM
PPM
oPM
PPM
PPM
PPM
PPM
PPM
PPH
PPM
PP
PPM

KEX

B

ER I L4

PPM

PPH
PPH

PPM
PPM

900-1500 PPM

JAERI-M 86-101

FUEL PERFORMANCE DATA  wwx

DATE

JPOR TEST ASSEMBLY NO.1 ZRY-2 TUBES AMND BARS TEST DATA  (1/6

#xxxx CHEMICAL ANALYSIS #mmkx

BW
[
JP

R
X6
OR

= 86-05

)

*¥PAGE®= (D- 77D

*% 150017 %=

SR {2} ko (3 K- {4) K- (5)-K---(f)-%---(7)-X---(8)-%

Top ---

VENDER JAERI

14
B9
< 20
< 50
< 30

50
45

<1
5
12<<24

5

TT2 -1827 (TUBE)

-- MIDDLE --
VENDER JAERI
1.57 1.55
132 135
112 106
053 031
297
30
W36
60
< 30
< .2
20 <
< 10 < 6 <
10 7
90
< 20 < 1 <
< 50 8 <
< 30 = 6 <
< 40 3 <
40
40 < 30
< 20 <
< 40 <
.19
5 5.°7
19
872 640
0.04 MM T= 0.76

-- BOTTOM- -
VENDER JAERI

1.49 1.54
L1306 .132
.109 .108
.051 .042
290
35
32

60

< 30

< .2
20
10 < 8
13 T
84
20 < .9
50 16
30 <
40 3
50
42 < 30
20
40
10 16.8
29
775 630
+- D.075 MM

L= 912 +0.5 -0 MM




<% 150018 #>

~

P N T e T T T e T e T e N T N e e i

17
22

1D
12
13
14
157

162
17
187
19
200
217
22)
25
24)
25)
26)
27)
282
292
303
317
3¢
33
342

357
360
37>

38)

79

800

INGOT NO.
POSITION

ALLOYS SN
FE
LR
NI
FE+CR#NI
OTHERS AL
B
C
CA
cD
CL
co
cu
HF
MG
MN
MO
NA
P8
Si
Tl
v
W
u

SIZE (TUBE)

REMARKS

REFERENCE

D-78

1.20 - 1.70
0.07 - 0.20
0.05 - 0.15
0.03 - 0.08
0.18 - 0.38
< To PPM
< 0.5 PPY
< 500 PPH
< 30 PPM
< 0.5 PPM
< 20 PPM
< 20 PPM
< 50 PPM
<100 PPM
< 20 PPM
< 50 PPH

PPM

PPM
<130 PPM
<120 PPM
< 50 PPM

PPM
<100 PPM
< 3.5 PPM
< 25 PPM
< 80 PPM

900-1300 PPM

Xk

PR L

FUEL

JPOR TEST ASSEMBLY NO.1 ZRY-2

JAERI-M 86-101

PERFORMAKCE DATA

xE X

TUBES AND BARS TEST DATA

DATE

xuxxx CHEMICAL ANALYSIS ®®k¥¥

S (1) ke () ks (3 ke

32
87

15

13
16

VENDER

Top ---
JAERI

BWwR
6 X6
JPOR

TT2Z -1856 (BAR)
-- MIDDLE --

VENDER

15
91

< 20

14

< 20

< 40

14
34

JAERIL

= §6-05

(2/6)

-- BOTTOM--
VENDER JAERI

20
20
96
20
200
40
15
30

40

+- 0,075 MM

*kPAGE*¥

L= 912 +0.5

(- 78

** 150018 ==

ChY %= (5)-%---(6) % (7) %~ (B) %

-0 HM



<k 150019 x>

INGOT N
FOSLITIO

113
127
13
147
15)

ALLOYS

P

FE+

16)
17
18>
19
207
213
223
233
24
25)
263
273
283
29
30)
ERl
32
337
34)

OTHERS

s T T e T T N N e T e e

¢ 35
360
37

¢ 38y SIIE «(

« 79

REMARKS

( 80> REFEREN

JPGR TEST ASSEMBLY ND.1 ZRY-2 TUBES AND BARS TEST DATA

0.
N

SN
FE
CR
NI
CR+NI

AL
i}

L

CA
o
CL
co
cu
HF
MG
MN
M0
NA
FB
51
TL
v

W

U

H
K
o

TuBL>

CE

1.20 - 1,70
0.07 - 0.¢0
0.05 0.15
0.03 - 0.08
n.18 - 0.38
< 75 PPM
< 0.5 PPM
< 500 PPM
< 30 FPM
< 0.5 FPM
< 20 PPH
< 20 PPM
< 50 PPHM
<100 PPM
< 20 FPM
< 50 PPM

PPM

PPHM
<130 PPM
<120 PPM
< 50 PPM

PPM
<100 PPM
< 3.5 PPM
< 25 PPM
< 80 PPM

900-1500 PPH

L 3

e

M ore oM

FUEL

JAERI-M 86-101

PERFORMANCE DATA

B 3 4

DATE

*xxdkx CHEMICAE ANALYSIS *xxexx

BWR
6X6
JPOR

= 36-05

(376)

*¥PAGExx (D~

T

*% 150019 xx

S (1) ke (2] - (3) -k (4] %o - (5) k- (B)-%---(T)-k---(8)-%

VEND

1045 (TUBEY

,,,,,,,,,,,,,,,,,,,,,,,,,,, U U U U U3

--- TGP ---
VENDER JAERI
1.59 1.74
164 190
076 110
058 055
298 355
60
< .5 43
60
< 30
< .5 < .2
ND
1 <
] 10
< 100
ND -8
40 25
< 6
6 5
30
18 < 30
1
i3 7.4
20
600 520
I.D= 12.82 +-
C-94

100
ND
30

53
26

MIDDLE --
ER JAERIL
4 1.65
7 175
] .098
9 049
] .321
< .43
< 30
< .2
< B
]
.6
30
<6
4
< 30
.13
3.9
820
MM

-- BOYTOM--
VENDER  JAERI
1.66 1.67
164 174
075 .14
L0594 L 050
293 297
4G
< .5 L4727
10¢
< 30
< L9 .2
ND
1 < B
) 23
< 100
ND .8
20 14
< 6
5 4
50
24 < 30
5
10 5.5
40
500 e

T= 0.76 +- 0

LO75 MM

L= 912 +0.95

-0 MM



JAERI-M 86-101

x*k*%  FUEL PERFORMANCE DATA  %xx DATE = 8&-05 *xPAGE*x (D~ 30)

<% 150020 %> JPOR TEST ASSEMBLY NO.1 ZRY-2 TUBES AND BARS TEST DATA <(4/8) ¥% 150020 *x

*xxex [HEMICAL ANALYSIS =wxxxx
BWR
6X8
JPRR

T ) R - (2) K- - (B) K- - (A K- ()%= () - k- - (7 -k --(8) - %

€ INGOT No.o e V- 1044 (BARY -------e-o--

¢ 2y POSLTION -~ ToP --- -- MIDGLE -- -~ BOTTOM--
VENDER JAERI  VENDER  JAERI  VENDER JAERI
_______________________________________________________________ *

¢ 112 ALLOYS SN 1.20 - 1.70 % 1.83 1.59 1.69

€1 FE 0.07 - 0.20 % 14 .15 14

€13 CR 0.05 - 0.15 % .089 . 065 .070

i NI 0.03 - 0.08 .060 .059 .066

€15 FE+CR*NL 0.18 - 0.38 % .289 274 .276
________________________________________________________________ x

€ 16> OTHERS AL < 75 = PPM 60 70 40

1D 8 < 0.5 FPM < .5 < .5 < .5

€18 T < 3500 PPM 70 100 60

€19 CA < 30 PPM

¢ 203 €0 < 0.5 PPM <. < .5 < .5

¢ 20 CL < 20 PPM ND ND ND

¢ 20 L0 < 20 PPM ND ND ND

¢ 23 CU < 50 PPM 9 15 43

¢ 24) HF  <10C  PPM < 100 < 100 < 100

¢ 25) MG < 20 PPM ND ND ND

¢ 26) WN < S0 PPM 20 10 10

€27 HD FPM

¢ 28) NA PPM

¢ 29 PB <130 PPM 4 2 2

€30 SI <120 PPH 40 50 60

€ 3D Tl <50  PPM 29 35 33

€32 v PPM

¢ 3D v <100 PPM 6 5 19

€ 34) U < 3.5 PPM

¢35 H o < 25 PP 8 H 10

¢ 36) N < 8  PPM 14 14 42

¢ 37) 0 900-1500 PPM
_______________________________________________________________ «

¢ 38) SIIE  (TUBED 1.0= 12.62 +- 0,06 MM T= 0.76 +- 0.075 MM L= 912 +0.5 -0 MM
_______________________________________________________________ *

( 79> REMARKS
_______________________________________________________________ *

¢ B0) REFERENCE C-94
________________________________________________________________ %



JAERI-M 86-101

#*x%  FUEL PERFORMANCE DATA xxx DATE = 88-05 *kPAGEx* (D- B81)

<% 156021 x> JPDR TEST ASSEMBLY NO.1 7ZRY-2 TUBES AND BARS TEST DATA (5/6) kx 150021 *x

kdkxkx CHEMICAL ANALYSIS xxxxx
BWR
6X6
JPDR

A S D EE AEERGIRE SR RNG IR RN ORL LN GPEL SRR L SERNGDER AN CPRE

¢ 1)y INGOT ND. e 34295 -

¢ 2y POSITION --- TOP --- -- MIDDLE -- -~ BOTTOM--
VENDER JAERL  VENBER  JAERL  VENDER JAER!
_______________________________________________________________ %

€ 11> ALLDYS SN 1.20 - 1.70 % 1.58 1.55 1.53

1D FE 0.07 - 0.2¢ % .159 . 163 154

O &) CR 0.05 - 0.15 % . 108 104 .09s

TS NI 0.03 - 0.08 ¥ .059 . 060 .060

€15 FE+CRsNI Q.18 - ©.38 7 L3726 327 .309
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *

¢ 163 DTHERS AL < 75 PPH 29 35 37

C1 B < 0.5 PPM .35 4 .35

18 £ < 500 PPH 165 182 190

€19 tA < 30 PPH < 20 < 20 < 20

¢ 2o b < 0.5  PPH < .25 < .25 < 25

€D L < 20 PPN < 20 < 20 < 20

« 2 €6 < 20 PPM < 10 < 10 <10

€23 U< 50 PPH < 20 < 20 < 20

€ 24) HF <100 2PH 77 67 63

¢ 25) MG < 20 PPM < 10 < 10 < 10

¢ 26) MN < 50 PPM < 20 < 20 < 20

¢ 20 M0 PPM < 20 < 20 < 20

« 28 NA PPM < 10 < 10 < 10

€29 PB <130 PPM < 20 < 20 < 20

(30 SI <120 PPM 37 39 37

(3D TI < 50 PPM 22 32 < 20

€3 v PPM < 20 < 20 < 20

¢33 W <100 PPH < 20 < 20 < 20

€ 3w U < 3.5 PPH < .2 < .2 < .2

€3 H o < 25 PPH 8 8 10

€ 360 N < 80 PPH 32 32 36

€37 0 960-1500 FPM 1150 1230 1460
e e *

¢ 38 SIZE (TUBED [.D= 0.495 +0.0035 -0 MM T= 0,030 +-0.0031 MM L= 36 +0.3 -0 MM
_______________________________________________________________ x

¢ 79)  REMARKS
________________________________________________________________ x

¢ 80) REFERENCE £-94
________________________________________________________________ x

— 99— D81



<% 150022 x>

P

P e T e T e T e T T T e N T N )

1
23

11
12)
13
14)
15)

16)
17)
18)
19)
20)
21)
22
23
24)
25)
26)
27)
28)
29)
30
3N
3
i
347

353
3ey
37

38

79

807

INGGT NO.
POSITION

ALLOYS

SN
FE
CR
NI

FE+CR+NI

OTHERS

AL
B

C

CA
CD
CL
co
cu
HF
MG
MN
MO
NA
PB
51
TI
v

W

Y

SIZE  (TUBE)

REMARKS

REFERENCE

.20
.07
.05
-03
.18

[=3r eI« iye R

75
0.5
500
30
0.5
20
20

A A N A A A

<100
< 20
< 50

<130
<120
< 50

<100
< 3.5

< 25
< 80

[= 2= I - R

.70
W20
.15
.08
.38

PPM
PRM
PPM
PPH
PPM
PPH
PPH
PPH
PPM
PPM
PPM
PPH
PPM
PPM
PPM
PPM
PPH
PPM
PPM

PPH
PPH

900-1500 FPH

XN

FEOF e rR o

JAERI-M 86-101

FUEL PERFORMANCE DATA

K DATE =

JPDR TEST ASSEMBLY NO.1 ZRY-2 TUBES AND BARS TEST DATA (6762

®xkxx CHEMICAL ANALYSIS xxxxx

BWR
6X5
JPDR

S 1) Koo (2) ke () o Kem - () -k

- TOP - -

VENDER

A

20
90
10
20
20
10
20
8
33
20

AA N A A

Fa

JAERI

AA

A A A A A

VEN

10
20
34
10
20
20
10
20
38
33
20
20

1.0= 0.495 +0.0035

— 100 —

34315 ------
MIDDLE --
DER  JAERI

AM

A AN A A

-0 MM T= 0.030

86-05 **¥PAGExx (D- 82)

®x 150022 x=

S PR TR S PR R S SEF TR S

-~ BOTTOM--
VENDER JAERI

10
20
90
10
20
20

20
37
30
20
20



JAERI-M 86-101!

xxx  FUEL PERFORMAKCE DATA  sxx DATE = 86-05 *#PAGE*x (D- 833

<* 150023 x> JPDR TEST ASSEMBLY NO.1 BARS TEST BATA (1/2) 22 150023 x%

wxwxx MECHANICAL PROPERTIES xxxxx
BWR
BX6
JPDR

Sy () ke (3 ks (4] k= (S) ke (B) ke (TYox--- (B) %

¢ 1) SIZE 15 +- 0.25 MM DIA. X 1000 MM
€ Y.s > 24 KG/SGHM 34.8 ,28.1
¢ 3 u.T.S > 42 KG/SQMM 50.1 ,46.4
{ &) ELONGATION > t& % 29,22
{ 5 GRAIN SI2E (ASTH) &7
¢ 6) CORRDSION < 38 MG/DMxx2-1408YS
C 7 oH, N PPM H= 23 ,0= 700 ,N=?
( &) HARDNESS WR(B) < 97 85.0 ,86.0 ,86.7  (85.5 MEAN)
_______________________________________________________________ x
( 79Y REMARKS JPFD-481
_______________________________________________________________ x
¢ 80) REFERENCE C-9a
_______________________________________________________________ x
<x 15002¢ x> JPDR TEST ASSEMBLY KD.1 BARS TEST O0ATA (2/2) xx 150024 *x
txxxx HECHANICAL PROPERTIES sxxxx
BWR
6X8
JPOR
S (1) E (2 w3 Koo (§) %~ (§) R w (§) k- (T) oK< (B) -k
¢ 1) SIIE _ ‘ 15 +- 0.25 MM DIA. X 2000 HM
'S > 24 KG/SQMM 39.2 ,38.9
(SIS u.r73 > 42 KGISOMM 44.1 ,46.3
€ 4> ELDNGATION > 14 2 26,30
¢ 5> GRAIN SIZE (ASTM) 47 §7
¢ 8> CORROSION < 38 MG/OM*%x2-14DAYS 20 ,19(3 DAYS) 28.5 ,30.2(14 DAYS)
€ ™ H, N PPM = § ,N=25
¢ 8) HARDNESS HR(3) < 92 85.0
_______________________________________________________________ »
{ 79) REMARKS JRFD-482
______________________________________________________________ x
¢ 80> REFERENCE C-94
,,,,,, e x
<x 150025 x> JPOR TEST ASSEMALY NO.1 TUBE TEST DATA % 150025 xx
*xxax MECHANICAL PROPERTIES wxwax
BWR
6%6
JPBR
St (1) A= () k= () A m (A) K- (5 -Hmm = (B -k- - {T) k- (R) - ¥
¢ 1) SIIf 0.465 +0,0035 -0 [.D X 0.030 +-0.003&6 T X 36 +0.2 -0 L(MM)
( 2) ROOM TEMPERATURE DEG-C RN -mo-e- 300 ------ “-- 360 --- <--420 -
« 3 v.s > 24 KG/SQMM 47.7 30.3 29.9 27.4 27.7 26.8 25.1
4y 0.T.3 > 42 KG/SQMM 2.5 36.8 37.7 36.0 331.9 33.6 31.2 29.8
( 5) CELONGATION > 14 % 22.8 18.6 19.4 18,4 3.6 15.0 13.2 17.0
_______________________________________________________________ ,
( 79) REMARKS
____________________________________ i x
¢ 80) REFERENCE C-9s




JAERI-M 86-101

*x%  FUEL PERFORMANCE DATA =xxx BATE = 86-05 ¥RPAGE*x (D- 84)

<% 150501 %> TYPICAL Z1RCALOY CLADDING TUBE SPECIFICATION DATA % 130501 =x

T ALl oK (2) ke (3 k- (Y k- - (5 X {B) ¥ - (7)) -%---(8)-x%

Rt PWR -em--- - RRREEE R BWR --------- =

¢ 10) PROPERTIES SPECTFIED

¢ 11) SURFACE:

€ 12) SURFACE TREATMENT GROLND/SAND- BLASTED GROUND/SAND-BLASTED

PICKLED/SAND-BLASTED
PICKLED/PICKLED

( 13) SURFACE ROUGHNESS, MAK. (RAY 0.7 T8 1.0 T2
----------------------- L e T |

€ 20> DIMENSION:

¢ 21> INNER DIAMETER, CHM)  +-0.04 +-0.04 TO 0.05

€ 22) OUTER DIAMETER, (HH)  +-0.04 TD 0.05, MS +-0,05 T0 0.06, NS

€ 23) WALl THICKNESS, (HH)  +-D.05, Wik, +-0.04 TO 0.08, MIN.

¢ 24)  OVALITY, 1.D., (HM)  +-0.025, NS +-0.03 T0 0.05 NS

¢ 25) ECCENTRICITY : € 0.10 T0 0.16), NS € 0.1 T0 0.163, NS

€ 26) STRALGHTNESS, MAX. 0.25/300 T0 0.6/600 0.5/500 TD 0.6/600
----------------------- R e

€ 30) STRUCTURE:

¢ 31) GRAIN SIZE, ASTH NO. 6§ TO T 7 70 13
(FULLY ANNEALEDS

¢ 32) HYDRLDE GRIENTATION, FN NUMBER < 0.3 TO 0.4 0.1<FN<0.45, <0.3

€ 33) TEXTURE NS YES, NS
----------------------- L I I

¢ 40 CORROSION:

¢ 41> CORRGSION WEIGHT GAIN,

¢ Az MAX. (HG/DMxx2) 22 7 T0 13
----------------------- L T I

¢ 50) HECHANICAL:

€ 51) TENSILE TEST RT ET RY ET

¢ 52> UTS, MIN.  (KP{MM*32) 49-50- 22-38 46-53  23-29 NS

€55 ¥P, MIN.  (KP/MH%¥2) 35-46  20-32 29-44,5 12-22.5 NS

{ 34) ELDNGATION, MK, () 12-18  10-18 15-30  20-30 NS

€ 55) UNLFORM, HIN. (£ NS NS NS NS
----------------------- R e I T |

¢ 60) BURST TEST

€ 813 BURST PRESSURE, MIN. (0> YES NS NS YES NS NS NS

€ 623 TOTAL ELONGATION, MIW. (X 12 NS N§ 16-24 NS NS

{ 63) UNIFORN ELONGATION, MIN. () NS 2.5 NS NS '

€ 64> CREEP ELONGATION,  MAX. () NS 1 IH NS NS
----------------------- L e e I

¢ 70) DEFECT:

€ 71)  CRACKS,FLAWS, INCLUSIONS S T WIN.WALL 5510 % wALL
----------------------- L I I A IR

(997> NOTES NS : NOT SPECIFLED.

OVALLTY @ THE OVALITY IS DEFINED AS DELTA [0 CINNER OLA.(MAX) -
[NNER DIA.C(HIR) )

ECCERTRICITY : THE ECCENTRLCITY IS DEFINED AS
E= (WIMAXD -WCMINI Y f {WAMAX) +W(MIN)),
WHERE W IS WALL THIEKHESS.

RA IS AK ADBREVATION OF THE GERMAN WODRD 'RAUHEIT” OR ‘RAUIGKELT’
, WHICH MEANS ROUGCHNESS.

RA 15 GIVEN IN MICRON-M AND IS THE ARITHMETICAL MEAN OF THE
PEAKS IN THE MEASURED PROFLLE (SEE ATTACHED FIGURE) ABOVE THE
REFERENCE LINE. THE REFERENCE LINE IS USUALLY PLACED SUCH THAT
THE AREA BETWEEN THE MEASURED PRGFILE AND THE REFERENCE LINE
BELOW THE REFERENCE LINE IS EQUAL TO THE ARFA BETWEENW THE
HEASURED PROFILE AND THE REFEREHCE LINE ABOVE THE REFERENCE
LINE.

R(MAX) I§ THE DISTANCE BETWEEN THE BOTTOM LINE AND TOP LINE.
THE MEASUREMENT 15 DONE WITH A STANDARDIZED WEEOLE AND THE
EQUIPHENT 15 CALIBRATED 8BY USING STANDARDS OF THE VARIODUS
ROUGHNESS NUMBERS.

- STEINAR AAS, PRIVATE CGMHUNICATION (AFRIL 4, 1986). -

- ATTACHED FLGURE -

-------- Top LIKE s mmmmrmrme e
x
* x %
= x-MEASURED PROFILE = xx2
x * * *
”””””” XosomoEoocooccencaooogooooooeo-- e x-REFERENCE LINE
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*x% FUEL PERFORMANCE DATA  xwx DATE = 86-05 **kPAGEX® (D- 85)

(958> REMARKS THE HYDRIDE ORIENTATION IS5 NORMALLY GUGTED A5 THE PERCENTAGE OF
(981> -HYDRIDE ORIENTATION HYDRIGES, OBSERVED IN A PLAME, WHOSC ANGLES WITH & REFERENCE
DIRECTION ARE IN THE RANGE X-90 DEGREES. TYPICALLY THIS QUANTITY
HAS BEEN QUOTED AS F(X), WHERE X 15 THE HEFERENCE ANGLE CHOSEN.
WHEN DIFINED IN THIS wAY, A HIGH F{(X) VALUE LEADS TO LOW TENSILE
DUCTILITY WHEN THE STRESS AXIS 1S THE REFERENCE DIRECTION.
IN TUBES, THE CIRCUMFERENTIAL DIRECTION WAS CHOSEN BY MARSHALL
(REF-28> AS THE REFERENCE, SINCE UNDER INTERMAL PRESSURIZATION
THEIS IS THE DIRECTION OF MAXIMUM STRESS.
- C.£. ELLS, *HYDRIODE PRECIPITATES IN ZIRCONIUM ALLOYS
(A REVIEWX , J. NUCL. MAT. 23(1968> PP,129-151. (P,136). -

(999) REFERENCES R. ROSE, K. LUNDE, S. AAS, “ZIRCALOY CLADDING: MANUFACTURING
TECHNLQUES AND ACHIEVABLE QUALITY - A TUBE MANUFACTURER’S VIEW~,
NUCL. ENG. DES. 33(2) (SEP., 1975>, PP.219-229. (P.220).

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
REF-28): R.P. MARSHALL, J. NUCL. MAT. Z4(1967) 34.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x

<% 150502 %> SUMMARY OF STRESS-INTENSITY LIMITS *x 150502 =*xx

S {1) R () ke e (B) Ko () koo (5) koo (f)-x---(T)-k---(8)-%

R e BWR - -----eo--ee--- x

YIELD STRENGTH ULTIMATE TENSILE
(5Y) STRENGTH (SUD

——————————————— R I 1

¢ 10) <CATEGDRLES

€ 200  GENERAL PRIMARY-MEMBRANE

¢ 2D STRESS INTENSLTY 2135y 1i2%3U

¢ 300  LOCAL PRIMARY-MEMBRANE

¢ 2D STRESS INTENSLTY 5y 12 T0 3/4%54

¢ 400  PRIMARY-MEMBRANE-PLUS-BENDING

¢ 2D STRESS [NTENSITY 134 142 70 3/4%8Y

¢ 500  PRIMARY-PLUS-SECONDARY

¢ 2D STRESS INTENSITY 2x8Y 1 10 3/2x§y

{999) REFERENCES H.E. WILLIAMSON, D.C.DITMORE, ‘CURRENT BWR FUEL DESIGN & EXPERL-

ENCE-, REACTOR TECH. 14€1) (SPRING 1971>, PP.6B-98. P.73.
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*%x  FUEL PERFORMANCE DATA  xxx% DATE = 86-05 *KPAGEX® (D- 86)

<% 150503 %> BASIC STRESS INTENSITY LIMITS - ASME VESSEL CODE SECTIODN 1II - #x 150503 =*x

Ty M (2 (3 - () k- {5 k- - () - (T k- - (B) - %

¢ 103 CATEGORIES STRESS INTENSITY LIMITS IN TERMS OF;:
________________________________________________________________ %
TABULATED YIELD STRENGTH ULTIMATE STRENGTH
SM VALUE (sY) (su)
——————————————— R Tt it e T
¢ 200 GENERAL PRIMARY-MEMBRANE
¢ 20 STRESS INTENSITY, CPM) SM <=(2/32%3Y <= (1/3)1%5Y
€ 300 LOCAL PRIMARY-MEMBRANE
€3ID STRESS INTENSITY, PLY 1.5%SH <= Y <={1/2)%5y
€ 400  PRIMARY-MEMBRANE-PLUS-BENDING
¢4 STRESS INTENSITY,
¢ 42 (PM (OR PL) + PB 1.5%5H <= sY €= (172)%8]
{ 50>  PRIMARY-PLUS-SECONDARY
¢ 51 STRESS LNTENSITY,
¢ 52) (PH (OR PL) + P§ + Q) 3.0%SM €= 2.0%5Y <= su
——————————————— L e e L s
(997) NOTES SM : DESIGN STRESS INTENSITY VALUE (SEE TABLE 421 AND 422 DES-

CRIBED IN ASME CODE SECTION IIID.

THE STRESS INTENSITY IS DEFINED AS TWICE THE MAXIUM SHEAR
STRESS AND IS EQUAL TO THE LARGEST ALGEBRAIC DIFFERENGCE BETWEEN
ANY TWO OF THE THREE PRINCIPAL STRESSES. THUS THE STRESS
INTENSITY IS DIRECTLY COMPARABLE TO STRENGTH VALUES FOUND FROM
TENSILE TESTS. (P.3)

(%98) REMARKS SPECIFICALLY EXCLUDED FROM CONSIDERATIGN [N THIS SFECTION OF THE
CODE ARE TUBES OR OTHER FORMS OF SHEATHING USED ONLY FOR
CLADDING NUCLEAR FUEL, AND ALSG INSTRUMENT CONNEETIONS 1/2 INCH
PIPE SIZE OR LESS.
-- FOOTNOTE OF N-130 OF ASME CODE SECTIGN III -,
ASME BOILER & PRESSURE VESSEL CODE SECTION III (63 EGITIONY.
(999) REFERENCES ASME, "CRITERIA OF SECTION III OF THE ASME BOILER AND PRESSURE
VESSEL (ODE FOR NUCLEAR VESSELS', (1%963).

<x 160001 x> CHEMICAL ANALYSIS OF ZIRCALOY BAR FOR FUEL ROD END PLUGS *% 160001 xx

STUDVIK
INTER-RP
COMMON
DATA

TSt (L) E o (2) K (3) K () M- (5) Koo (B) k- (7D koo (G-

¢ 9y SAMPLE NO. (SPECY  8M1 SM2 $83
¢ 1) MATERIAL ZIRCALGY-2
€ 100 CHEMICAL COMPOSITION, CW/0) — e *
11 SN 1.20-1.70 1.57 1.58 1.61

1.51 1.53 1.54
T3 FE 0.07-0.20 0.170 0,181 0.179

0.132  0.141  0.145
€13 TR 0.05-0.15 0.103  0.106  0.106

0.077 0.082  0.087
€ 14> NI 0.03-0.08 0.059  0.054  0.059

0.056 0.057  0.055
(110) CHEMICAL IMPURITIES, (PPM) --- CHEMICAL  IMPURITIES ---x
(115 c <270, 260, 286. 270.

100. 174, 131.
(120) H < 25. 5. 7. 6.

B. 5. 5.

(124> N < 80, 41, 49, 1.

67 59 56

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "

(999> REFERENCES STIR-4, P-62.
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xxx  FUEL PERFORMANCE DATA xxx DATE = 86-05 *XPAGEXX (D- 87)
<* 160002 *> HECHANICAL PROPERTIES OF MATERIAL FOR FUEL ROD END PLUGS *x 160002 xx
STUDVIK
INTER-RP
COMMON
DATA
_______________________________________________________________ %
¢ 3 TEST METHOD ASTM £8-71T
¢ 4) SAMPLING 2 LOTS A AND B
¢ 1) MATERIAL ZIRCALDY-2
S (YA (2 ke (B) ke e (A) k- (5K (B ko (Tho%e - (8) %
¢ 2> SAMPLE Al a2 a3 B1 B2 B3
C 113 CROSS SECTION, CNMxx 23 31,9 31.5 32,0 31.6  31.5  31.3
€ 13) 0.2 % TENSILE §T., (NINMx=2) 376 413 400 396 378 411
€ 15)  ULTIMATE TENSILE ST.,  (N/MMxx2) 517 527 522 508 527 546
¢ 17)  ELONGATION, £3 32 32 34 29 28 25
_______________________________________________________________ x
(999) REFERENCES §TIR-4, P-52.
_______________________________________________________________ x
<x 160003 => CHEMICAL ANALYSLS RESULTS OF FUEL HOLDDOWN SPRING MATERIAL *x 160003 xx
STUDVIK
IKRTER-RP
COMMON
DATA
Sy k2 ke {3y koo A) K- (5D k- oo (6) K- - (T)-%---(§) -x
¢ 1) MATERIAL € SIS - 2331 )
¢ 10 SAMPLE ND. : ) ) 3
€10 c Czo 0.097  0.0C97  0.099
1 €0 Cxo 0.040  0.040  0.040
€13 CR €2 18.2  18.3  18.2
€14 N (%) 1,18 1.20 1.19
¢ 15) Mo € 0.20  ©0.20  ©0.20
€ 16) K1 Cx 8.8 9.0 8.9
€17 P % 0.020  ©.020 0,920
¢ 18) 5 Cxo 0.004  0.004  0.005
1% 51 €z ¢.79  0.81  0.81
_______________________________________________________________ x
€999)  REFERENCES STIR-4, P-64.
_______________________________________________________________ x
<x 160004 x> MECHANLCAL PROPERTLES OF HOLDDOWN SPRING MATERIAL *% 160004 *x
STUDVIK
INTER-RP
COMMON
DATA
S 1D e () K= (3) ke (A Mo (5] K- (B) ke (T) k- (B) %
¢ 1) HATERIAL ¢ SIS - 2331)
¢ 100 0.2 % TEWSILE S7., CNMHxD) 1976 (17 SAMPLES)
€ 11) ULTIMATE TENSILE $T.,  (N/MHxx2) 1949 (16 SANPLES)
_______________________________________________ i
(997) NOTES THESE VALUES INDICATE AN AVERAGE VALUE FROM TENSILE TESTS (1.20
MM DIAL3.
(999) REFERENCES STIR-4, P-54.
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(100)
(102)

(200)

(20%)

300)
30Y)

(30

(3032

LR x4

FUEL PELLET

FISSIOW PROBUCT GAS

FUEL CLADDING

[RRADIATION GROWTH

PELLET-CLAD INTERACTION

BAMBOG-LIKE APPEARANCE

PCI FAILURE

‘X’ MARKS

JAERI-M 86-101

FUEL PERFORMANCE DATA =*¥x DATE = B6-05 **PAGEx* (D- 88)

IRRADIAYION BENAVIORS OF REACTOR FUELS =x 300001 xx

S UL (2 ke (3 ke (G ke (5D k- (f) X (F) ke (8) %

SOME OF THE FISSIDN GAS WILL BE RETALMED IN THE CRYSTAL LATTICE,
GRAIN BOUNDARRIES, OR OCLCLUDED PORDSITY OF THE uD-2.

HOWEVER, [T 18 TO BE EXPECTED THAT A PORTION OF THE GAS WILL
MIGRATE TO THE CXTERNAL SURFACE OF THE 30LID AND ESCAPE TO THE
FREE YOLUME OF A FUEL RDD. -(REF-2)

DURING THE NUETRON IRRADIATION IN THE CORE, SEVERAL MATERIAL
PROPERTIES OF ZIRCALOY CHANGE. THE MOST PRONOUNCED EFFECTS ARE
THE CHANGE IN STRENGTH, FRACTURE BEHAVIOUR AND CREEP.

THE PHYSICAL REASON FOR THCSE CHANGES ARE THOUGHT TO BE THE
PRODUCTION OF VACANCIES, INTERESTIALS, DEFECT CLUSTERS AND
DISLOCATION LOOPS. MO EVIDENCE [5 S0 FAR FOUND AT FLUENCES ODF
INTEREST IN THERMAL REACTORS FOR THE FORMATION OF THREE-DIMEN-
SIONAL vOIDS OF THE TYPE REPORTED IN STEELS SUBJECTED TO HIGH
NUETRON FLUFNLCES AT TEWPERATURE ABOVE ABOUT 400 DEG-C. (REF-3)

[RRACIATION GROWTH IN ZLRCALGY I8 DEFINED AS A SHAPE CHANGE
DURING IRRADIATION [N ABSENCE OF EXTERNAL STRESS.

THE EXISTENCE OF IRRADIATION GROWIH WAS FLIRST REPORTED ay
BUCKLEY (16),(17). HE ALSO PROPDSED A MECHANISM TO EXPLALK THE
PHENDMENON. THE GROWTH WAS THOUGHT TO0 BE DUE TO THE FORMATION OF
VACANCY LODPS ON THE BASAL PLANES AND INTERSTITIAL LOOPS ON THE
PRISM PLANES. THE DIFFERENTIAL CONDENSATION OF POINT DEFECTS
WAS YHOUGHT TGO BE CAUSED BY THE ANLSOTROPIC THERMAL EXPANSION
COEFFICIENTS STTING UP CORRESPONDING TUHERMAL STRESSES.

HESKETH (18) ADOPTED THE MODEL AND FOUND [T COMSISTENT WITH HIS
RESULTS ON IRRADIATION GROWTH. HESKETH ALSD FOUND THAT THE
GROWTH PROCESS WAS ACCUMPANIED BY NO, OR AT LEAST MEGLIGIBLE,
YOLUME CHANGES.

SOME RESULTS HAVE BEEN PUBLISHED RECENTLY THAT DO NOT FULLY
AGREE WITH THE BUCKLEY MODEL <19},(203. (REF-3)

IN A POWER REACTOR, DIFFERENTIAL THERMAL EXPANSION BETWEEN THE
UQ-2 FUEL PELUETS AND THE METAL CLADDING ARISCS BECAUSE OF THE
STEEP TEMPERATURE GRADILENT THROUTH THE PELLET AND THE TEMPERA-
TURE DIFFERENCE BETWEEN PELLEY AND CLADOING. THE RESULTING MOVE-
KENTS ARE BOTH RADIAL AND LONGITUDINAL AND DBISTORT AKD STRALIN
THE FUEL TUBE GIVING LT A BANBOO-LIKE APPEARANCE. - (REF-1}

THE FIRST OBSERVATION OF PCUI FALLURE DATES BACK TO 1964 (3522,
BUT IT WAS NOT BEFORE ABOUT 1970 THAT PCI WAS RECOGNIZED AS A
PERFORMANCE-LIMITING EFFECT. AT THAT TIME FAILURES WERE OBSERV-
ED IN H8WR TEST RODOS (3532, CANDU FUEL (354) AND BWR FUEL (352}
AND WERE ATTRIBUTED TO SEVERE LOCAL FOWER RAMPS DEFINED AS A
FIRST AND FAST FOWER INCREASE AFTER EXTENDED EXPOSURE
ACCUMULATED AT LOW POWER. IN FACT, POWER CYCLING ON A DAELY DR
WEEKLY BASIS MEVER DID LEAD TO PCI FAILLURES. EARLY PWR FUEL WAS
NOT AFFECTED BY PCI FAILURES, WHICH WAS PARTLY DUE TO THE LOWER
EFFECTIVE POWER RAMPS AS COMPARED WITH HWR(S) AND BWR{S), PARTLY
BUE TO THE EARLY USE OF PREPRESSURIZED FUEL RODS. HOWEVER,
SEVERAL POWER RAMP INCIDENCES IN PWR(S) SINCE 1973 HAVE
CONFIRMED THAT THE PROPENSITY TO PCI FAILURE [§5 A GEWERIC
FEATURE OF ALL ZIRCALOY-CLAD FUEL. - (REF-4)

THE BRETTLE NATURE OF THE PCI FAJLURES WAS RECGGNIZED AND THE
MECHANISM WAS ATTRIBUTED TO STRESS CORROSION CRACKING AYARTING
FORM THE INNER CLAD SURFACE. POST-IRRADIATION EXAMINATION 8F PCI
DEFECTS FORM POWER REACTORS AND POWER RAMP EXPERIMENTS ALWAYS
SHOWED THE SAME FATLURE CHARACTERISTICS, I.E. FINE CRACKS DFTEN
ASSOCIATED WITh X’ -MARKS ON THE CLAG ODUTER SURFACE. THE AXIAL
POSITION 1S PREDOHMIMANTLY AT PELLET/PELLET INTERFACES OR AT
TRANSVENRSE PELLET CRACKS. THE RIDGE HEIGHT AT THE POSITION OF A
DEFECT IS GEMERALLY VERY SMALL. METABLLOGRAPHIC EXAMINATION
REVEALED TINY BRLTTLE CRACKS STARTING FROM THE INMNER CALD
SURFACE, MOSTLY O0PPDSITE RADIAL PELLET CRACKS BUT SOKETIMES
OPPOSITE OTIER PELLET IMPERFECTIONS LIKE MISSING CHIPS OR
CHIPS WEDGED
LNTO THE PELLET-CLAD GAP. THE NATURE OF THE FRACTURE FREQUENTLY
CHANGES OVER THE LENGTH OF TIE CRACK, BEING BRITTLE AND BRANCHED
ON THE OUTER SIDE OF THE CLADDING. DETALLED EXAMINATION OF
THESE CRACKS BY SEM SHOWED TRANSCRYSTALLINE FACETS (CLEAVAGE
FRACTURE)Y LINKED BY FLUTINGS {(DUCTILE FRACTURE), AS WELL AS
INTERCRYSTALLINE FRACTURE MODES, OEPENDING ON THE CRACK
PROPAGATION RATE. -{REF-&, P.¥T)
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(999) HEFERENWCES REF-1: J.F. WHATHAM, ‘INFLUENCE GF PELLET LENGYH ON IKTERACTION
BETWEEN FUEL AND CLADDING IN SIMULATED REACTOR FUEL PINS-,
NUCL. ENG. DES. 28(1974) PP.423-431. (P.423

REF-2: HOFFMANN & COPLIN, SEE FD%-900011.

REF-3: K. HANNERZ, G. VESTERLUND, "ZIRCALCY CLADDING MECHANICAL
PROPERTIES’, NUCL. ENGRG. DES. 33(1975), PP.205-218. (P.207,
p.208).

{(59) H. STEHLE, F, GARZAROLLI, H. KNAB, R. MANZEL, 'DIMENSIDN-
STABLHTAT VON LWR-BRENNSTABEN, PAPER PRESENTED AT THE RFEACTOR-
TAGUNG, BERLIN, 2-5 APR. 1974.

(16) S.N.BUCKLEY, PROPERTIES OF REACTOR MATERIALS AND EFFECTS OF
RADIATION DAMAGE, ED, W.J.LITTLER, BUTTERWORTHS, LONGON (1962)
413,

(17) S_N.BUCKLEY, UK1TEA REPORT, AERE-R5944, VOL.II, €1968) S47.
(18) R.V.HESKETH, J.E.HARBOTTLE, N.A.WATEMANN, R.C.LO88,
"RADIATION DAMAGE IN REACTOR MATERIALS’, vOL.I1, INT, ATOMIC
ENERGY AGENCY, VIENNA (1969) 365,

(19> E.F.IBRAHIM, J.E.WINEGAR, ‘DIMENSIONAL CHANGES 0OF UNSTRESS-
ED ZIRCALCY-2 AND 2R-2.5%NB SPECIMENS IM A FAST NUETRON FLUX',
JONUCL.MATER. 4501973} 335.

(20 V,FIDLERIS, 'THE EFFECT OF COLD-WORK AND STRESS RELIEVING
ON THE IRRADIATION GROWTH BEHAVIOUR OF ZIRCONIUM ALLOYS-,
J.NUCL.MATER. 46(1973).

REF-4: SEE REFERENCES OF FDN-110009.

(352> DAVIES, J.H., ET. AL., AM. NUCL. SOC. TOPICAL MEETING
WATER REACTOR FUEL PERFORMANCE, ST. CHARLES (1977} 230.
(353) MOGARD, H., ASS, S., JUNKRANWS, S., PEACEFUL USEFS OF ATOMIC
ENERGY (PROC., CONF. GENEVA, 1971) 10, UN, MEW YORK, AND

IAEA, VIENNA (19713 273.
(354) ROGBERTSON, J. A, L., ENG. J. (MONTREAL), (NQV/DEC 1972 9,
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xx% FUEL PERFORMANCE DATA xx DATE = 88-05 ¥*xPAGE*x (0- 920D

<% 3000027 x> CLASSIFICATION OF OBSERVED FUEL FAILURES - ZIRCALOY CLAD - *% 300002 *x

S ke (D) ke (3) ke (4) =K - (5) k-~ () -K---(7)-%---(B)-%

*- MAIN CAUSES -------- #- ORIGIN --%-TIME -x- CONSEOQU- =®REALCTOR®
* * x- OF --%- ENCES -%- TYPE-x
* * QCEURENCE * ®
R L K------ - D *----- - *
( 10) PHENKOMENGN
{1000 HYDRIDING MOISTURE IN PELLETS/ MANUFACTURE EARLY PERFORATION ALL TYPE
RODS +SPECIFICA- LocaL
TION ATTACK
COMTAMINATION, MARUFACTURE EARLY PERFORATION ALL TYPE

END PLUG STRINGERS,
WELD DEFICIENCIES

€2003  PELLET CLAD INTERACTION (PGID POWER RAMP OPERATION  MID TD PERFORATION ALL TYPE
LATE INCIPIENT
CRACK
LOCAL HYDRIDING + MANUFACTURE MID TO PERFORATION BWR
POWER RAMP + OPERATION
(300>  CORROSION (BURNOUT) WELD CONTAMINATION MANUFACTURE EARLY ~ PERFORATION ALL TYPE
CRUD DEPDSITS EXTERNAL EARLY  PERFORATION BWR,
TO LATE SGHWR
CODLANT BLOCKAGE EXTERNAL EARLY  PERFORATION ONE BWR
OR DESIGN
HIGH HEAT FLUX/ OPERATION  LATE PERFORATION EXPERI-
CLAD TEMPERATURE OR DESIGN MENTAL
RODS ONLY
€400)  CLAD COLLAPSING AXIAL GAPS BY FUEL SPECIFICA- EARLY  DEFORMATION PWR
DENSIFICATIDN TION (SOME PER-
FORATION)
(500)  ZIRCALOY GROWTH IRRADIATION- INDUCED DESIGN EARLY  STRUCTUAL  BWR,PWR,
GROWTH AND TO LATE MISFIT SGHWR,
PELLET/CLAD INTERACTICN 20D BOWING PWR
(600>  ROD BOWING RELAXATION DF CLADDING SPECIFICA- EARLY  DEFORMATION ONE BWR
TUBE TION + BURNDUT
ROD GROWTH + DESIGN CON- DEFORMATION PWR
INTERACTLON ENDPLATE TINUOUS
INTERACTION WITH DESIGN CON- QEFORMATION PWR
ASSEMBLY STRUCTURE TINUOUS
¢700)  FRETTING WEAR FORELGN PARTICLES EXTERNAL EARLY  PERFORATION ALL TYPE
WEAR MARKS
VIBRATION ROD/ MANLUFACTURE EARLY  PERFDRATION PWR
SPACER GRID OR REPAIR
VIBRATION OF ASSEMBLY EXTERNAL EARLY  PERFORATION PWR
OR DESIGN WEAR MARKS
VIBRATION OF INCORE EXTERNAL EARLY  CHANNEL BWR
COMPOMENTS WEAR
R R R Kommmom R R [ RIEEER *
€997) NOTES SGHWR : STEAM GENERATING HEAVY WATER REACTOR.
________________________________________________________________ x
€999> REFERENCES SEE' F. GARZARDLLI OF REFERENCES OF F3N-110009.
_______________________________________________________________ *
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2y
37

4)
3
(67

73
[§:D]

(53

(103

(11>

(7%

(802

BIRP NO.

TEST ROD NG,
TEST ROD LABEL
GAP 0.08

GAP 0.15

GAP 0.25

CLAD HT: RX
CLAD HT: SR

UD-2 DENSITY

BURNUP =1)

*ckk

(M)
(MM
(MM}

(%)

(MWD/KG-U)

U-235 ENRICHMENT (%)

REMARKS

REFERENCE

JAERI-M 86-101

FUEL PERFORMANCE DATA  k%x DATE = 86-05 **xPAGEx® (D- 913

TEST MATRIX OF THE INTER RAMP PROJECT (1) “LR,LS5,TR- *% 700001 w=

KK KKK KK K KK K 3K K KK K OISR KO0R SOR O HOR KRR IO KR KK KOO KK R KR
STUDVIK
INTER-RP
COMMON
DATA

S (1) -x- - (2 -k - (3 -k - - (4) -k (5) k- - () k- (T) K- - (B) -

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
1 1 1 1 3 3 3 3
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
1 2 3 i 5 6 7 8
LR1 LR?2 LR3 LR4 LRS L31 LS? TR1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, «

*

x x ES * * * *
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
* x * * x *®

* x
................................................................ x
—————————— 95 oo R SEEECETNE L EEE PR P
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
---------- O TR [ BEE TP TR
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
————————— 2.8 -----eo-ee- e 2.8 eeeeeoaes
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x

x1) NOMINAL VALUES
NOTATION: GAP = FUEL-CLAD OIAMETRAL GAP
CLAD HEAT TREATHMERT: RX= RECRYSTALLIZED ,
SR = COLD-WORKED + STRESS RELIEVED MATERIAL
_______________________________________________________________ x
STIR-53 TABLE-2
_______________________________________________________________ .
A. KIKUCHL, M. ICHIKAWA,
*INVESTIGATIGN RESULTS IN INTER RAMP PROJECTS’CIN JAP.),
JLAESS 23(7) (1981), PP.507-516. P.508.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
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*¥%%  FUEL PERFORMANCE DATA  #xx DATE = 86-05 *xPAGEx® (D- 82

<% 700002 %>  TEST MATRIX OF THE INTER RAMP PROJECT (2} -LS,TS,DR,HER- *%x 700002 xx

30K S 0K 33K 30K 0K 360K K KRR K KKK 3R K KR I K 0K K KK K MO8 K K KK K R OR K R RO K R KOk
STUDVIK
INTER-RP
COMMON
DATA

Sem (1) koo (2) K (3 ks (Ao koo (5) koo () ke (T K- ()%

_______________________________________________________________ %
(13 BIRP NO. 5 5 5 5 2 2 2 2

_______________________________________________________________ %
(2) TEST ROD NOD. G 10 11 12 13 14 15 16
(3) TEST RAD LABFL LSs3 LS4 T81 DR1 HR? HR3 HR4 HRS

_______________________________________________________________ %
(4) GAP 0.08 (MM *
(5) GAP 0.15 (MM * * *® * % * *
6) GAP 0.25 (MM *®

_______________________________________________________________ *
(7) CLAD HT: RX * x e * *
(8) CLAD HT: SR * * *

_______________________________________________________________ «
(9) U0-2 DENSITY (% 95 95 95 I R 95 -----------

________________________________________________________________ *
(10 BURNUP %13 (MWD/KG-U) memmeoo-o- 10 ~~-----r--- ememme e 20 --m-mmmme -

_______________________________________________________________ 2
(11) U-235 ENRICHMENT ¢2> = -------- 2.8 -rormmmeee e J.5 -mm-mmmeem-

_______________________________________________________________ %
(79 REMARKS

®1) NOMINAL VALUES
NOTATION: GAP = FUEL-CLAD DIAMETRAL GAP
CLAD HEAT TREATMENT: RX= RECRYSTALLIZED ,
SR = COLD-WORKED + STRESS RELIEVED MATERIAL
_______________________________________________________________ *

{80) REFERENCE STIR-53 TABLE-2
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<k 700003 %>

(2
37

4)
(3)
(e)

(7
8

(9

om

(11

79

(802

JAERI-M 86-101

*xx FUEL FERFORMANCE DATA  *xx DATE = 86-05 *xPAGE**x (- 93)
TEST MATRIX OF THE INTER RAMP PROJECT (32 SHEL,BR- ®* 700003 xx
AEERE IR ERE KKK KKK LR WKL R KKK KK IR KA LR A KRR R KRR RERRKAK KK RN KK &
STUDVIK
INTER-RP
COMMON
DaTa
(1) k(2 ke - (3 k- - (A) K- - (D) K- - (B M- (T) k- - (8) - %
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
BIRP NO. 4 4 4 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
TEST ROD NO. 17 18 19 20
TEST ROD LABEL HS1 HS2 HS3 BRI
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
GAP 0.08 (MM
GAP 0.15 (MH) * * ®
GAP 0.25 (HH) *
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
CLAD HT: RX *
CLAD HT: SR * L] *
_______________________________________________________________ *
U0-2 DENSITY [5-2  e 95 -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
BURNUP  x1) MWDIKG-UY e 20 -----e-- -
_______________________________________________________________ *
U-235 ENRICHMENT ¢  smemomeo 3.5 --emmm--
_______________________________________________________________ x
REMARK S
*1) NOMINAL VALUES
NOTATION: GAP = FUEL-CLAD DIAMETRAL GAP
CLAD HEAT TREATMENT: RX= RECRYSTALLIZED ,
SR = COLD-WORKED + STRESS RELIEVED MATERIAL
_______________________________________________________________ x
REFERENCE STIR-53 TABLE-2
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<x 700004 x>

(22
(3)
(4}

5)
(6)
7

8>
(@D
103
(112
[V

79

(807

* kXK

BIRP NG.

ROD  NO.
ROD LABEL
F , FS *1)
CONDITIONING
LHR (KWiM)
TIME (HOURS)

*23

RAMP TESTING
RAMP RATE
TERMINAL LHR
HOLD TIME AT RTL
TFPD =33

(W/M.S)
(KW/M>
(MINY
(HIN)

REMARKS

REFERENCE

JAERI-M 86-101

FUEL PERFO

IKTER RAMP IRRADIATION DATA (13

RMANCE DATA  xxx bATE = 86-05 *¥kPAGEXx (D- 94)

~LR,LS,TR- *% TO0004 *x

HARKKKK KKK EF R KK KKE R KKK EKAKREEEKERREREE KRR KR RE L RER AR AT R RER KRR KR

---(1)

®1)
x2)
%x3)
x4)
%3)

LIy

*7)
*8)

*9)

%102

x11}

STIR

STUDYLK
INTER-RP
COMMON
DATA

SE ()Xo (3] X - (4 M- (F) ke -- () -k - (T)Heo- (B) -
_________________________________________________________ x
1 1 1 3 3 3 3
_________________________________________________________ *
2 3 4 5 6 ? 8
LR? LR3 LR4 LRS LSt LS2 TR1
F F F F F NF NF
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "
8 24.5 35.0 35.3 25.1 26.3 31.8 30.7
24 24 24 24 4 24 24
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "
x4) 70 65 55 85 90 65 70
8 45.7 50.1 65.4 42.7 48.2 43.8 42.7
84 103 5 1440 *6> 35 1440 1440
46191 *5) 11 0.5 162/194/ 17426
212
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
F = FAILURE NF = NOK FAILURE
LHR = LINEAR HEAT RATING AT AXIAL PEAK POWER POSITION.
TFPD = TIME TO FISSION PRODUCT DETECTION.
PAUSE 2 MIN AT 32.0 KW/M

SMALL ACTIVITY IRCREASE AFTER 4% MIN,LARGER ACTIVITY
INCREASE AFTER 61 MIN

THE IRRADIATICN CONTINUED 24 HQURS, IN SPITE OF THE ROD
FAILURE, OWING TO THE FACT THAT THE VERY SMALL FISSION
PRODUCT ACTIVITY INCREASE WAS NOT CONSIDERED EVIDENCE OF
FAILURE DURING THE RAMP PERFORMANCE

FROM 29.6 KW/M WITH A RATE OF Q.28 KW/M.S T0 40.8 KW/M
THE VALUE SHOULD HAVE BEEN 40.1 (SAME AS THE LAST REACTOR
CYCLE DURING THE PRE-RAMP IRRADIATICND

IRCIPIENT CRACKS HAVE BEEN FODUND AT THE HOT CELL POST
IRRADIATION EXAMINATION

THE HOLD TIME wAS INTENTIONALLY INTERRUPTED AFTER 26 MIN

NG FISSION PRODUCT ACTIVITY WAS DETECTED DURING THE HOLD
TIME
SUBSEQUENT EXAMINATIONS SHOWED THE ROD TO BE A FAILURE

-53 TABLE-10

—112—



<k 700005 =

JAERI-M 86-101

L3+ 3

INTER RAMP IRRADLATION DATA (2

FUEL PERFORMANCE DATA

*KE DATE = 26-03% *¥PAGE®x (D- 95)

~L§, T8, R, HR- *% 700005 ==

HAREK A KRR KKK KR KB AKKREKKRKERKE KRR AR R R AR KKK AR KRR KKK ALK R

STUDVIK
INTER-RP
COMMON
DATA

S () ko £2) k(30 k- (A) X (5) A (B) Ko~ (T)-%- oo (8) - %
_______________________________________________________________ x
(1;  BIRP NO, 5 5 5 5 2 2 2 2
_______________________________________________________________ «
(2) ROD NO. 9 10 11 12 13 14 15 16
(3) ROD LABEL Ls3 LS54 Ts1 DR1 KR2 HR3 HR4 HRS
(4 F , F§ *1) NF F F NF NF F NF NF %9
_______________________________________________________________ %
(s> CONDITLONING
(6) LHR (RW/M  22) 25.0  40.8%7) 29.7x8) 22.9  23.0  25.2  29.0  29.0
N TIME CHOURS) 24 24 24 24 26 24 24 24
_______________________________________________________________ x
(8) RAMP TESTING
9 RAMP RATE (WIM.S) 65 70 70 75 75 65 70 70
(107 TERMINAL LHR (KW /M) 41.8  50.7  47.3  43.2  38.0  43.2  46.1 47.9
(1 HOLD TIME AT RTL  (MIND 1440 92 319 1440 1440 316 1440 1440
a TERD %3) (MIN) 72 298 260
_______________________________________________________________ X
(79)  REMARKS
*1) F = FAILURE NF = NON FAILURE
x2) LHR = LINEAR HEAT RATING AT AXIAL PEAK POWER POSITION.
*3) TFPD = TIME TO FISSION PRODUCT DETECTION.
x4) PAUSE 2 MIN AT 32.0 KW/M
x5) SMALL ACTIVITY INCREASE AFTER 46 MIN,LARGER ACTIVITY
INCREASE AFTER 61 MIN
x6) THE [RRADIATION CONTINUED 24 HOURS, IN SPITE OF THE ROD
FALLYRE, OWING TO THE FACT THAT THE VERY SMALL FISSICGN
PRODGECT ACTIVITY INCREASE WAS HOT CONSLDERED EVIDENCE OF
FAILURE DURING THE RAMP PERFORMANCE
X7) FROM 29.6 KWIM WLTH A RATE OF 0.28 KW/M.§ TD 40.8 KW/M
x8) THE VALUE SHOULD HAVE BEEN 40.1 (SAME AS THE LAST REACTOR
CYCLE DURING THE PRE-RAMP IRRADIATION)
x5} INCIPLENT CRACKS HAVE BEEN FOUND AT THE HOT CELL POST
IRRADIATION EXAMINATION
*10) THE HOLD TIME ¥AS INTENTIONALLY INTERRUPTED AFTER 26 MIN
#11) NO FISSION PRODUCT ACTIVLITY WAS DETECTED DURING THE HOLD
TIME
SUBSEQUENT EXAMINATIONS SHOWED THE ROD TO BE A FAILURE
_______________________________________________________________ X
(807 REFERENCE STIR-53 TABLE-10
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JAERI-M 86-101

xx%  FUEL PERFORMANCE DATA  xxx DATE = 86-05 **kPAGEx® (D- 96)

<x 700006 x> INTER RAMP IRRADIATION DATA (3) -HE,BR- 2K 700006 %%

KO KK K K H R KK R KKK R O KR R OROR KKK KR A KR KK K KO R MO R K R KR K KK
STUDYVIK
INTER-RP
COMMON
DATA

(1) () ok (B - () R (SR (Y k- - (TI-%---(8)-%

(1) BIRP NO, 4 4 4 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *

(2 ROD NO. 17 18 19 20

(3> RDD LABEL HS1 HE?2 H53 BR1

4 F , F3 *1) F NF x9) F F

5> CONDITIONING
(6) LHR (KW/M) x2) 30.3 24.8 26.6 31.1
7) TIME (HOURS) 24 24 24 24

(8) RAMP TESTING

(9} RAMP RATE (W/H. 5D 65 55 70 65
{10 TERMINAL LHR (KW/M) 47.8 41.0 44.9 51.0
(113 HOLB TIME AT RTL (MIN) 26%10) 1440 59 1440
“2 TEPD *3) (MIN) *11) 42 x11)

(793 REMARKS
*1) F = FAJLURE NF = HON FAILURE
*2) LHR = LINEAR HEAT RATING AT AXIAL PEAK POWER POSITION.
x3) TFPD = TIME TO FISSION PRODUCT DETECTION.
*4) PRUSE 2 MIN AT 32.0 KW/N
*¥5) GMALL ACTIVITY INCREASE AFTER 46 MIN,LARGER ACTIVITY
INCREASE AFTER 61 MIN

*6) THE IRRADIATION CONTINUED 24 HOURS, IN SPITE OF THE ROOD
FALILURE, DOWING TO THE FACT THAT THE VERY SMALL FISSION
PROBUCT ACTIVITY INCREASE WAS NOT CONSIDERED EVIDENCE OF
FAILURE DURING THE RAMF PERFORMANCE

*7) FROM 29.6 KW/M WITH A RATE OF 0.28 KW/M.S TO 40.8 KWiM

*§) THE VALUE SHOULD HAVE BEEN 40.1 (SAME AS THE LAST REACTOR
CYCLE DURING THE PRE-RAMP IRRADIATION?

*¥9) IHCIFIENT CRACKS HAVE BEEN FOUNG AT THE HOT CELL POST
IRRADIATION EXAMINATION

*¥10) THE HOLD TIME WAS INTENTIONALLY INTERRUPTED AFTER 26 MIN

*11) NGO FISSION PRODUCT ACTIVITY WAS DETECTED DURING THE HOLD
TIME
SUBSEQUENT EXAMINATIONS SHOWED THE ROD TO BE A FAILURE

(80 REFERENCE STIR-53 TABLE-10
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JAERI-M 86-101

*kx  FUEL PERFORMANCE DATA  xxx DATE = 86-035 *¥PAGEX® (D~ 97)

<x 700007 *> [NTER RAMP (PRE-RAMP IRRADIATION DATA AT AXIAL PEAK POWER (1) ) *% 700007 xx

R KK KK K KR KKK KR KK 0K K KK K 3 KK KK KK KK K K KK R K K KKK RO K KO KKK
STUDVIK
INTER-RP
COMMON
DATA

T (LY ok () -k - (3) K- - () k- (5) K- - (B -¥---(7)-%---(8)-%

(1) BIRP ND. 1 1 1 1 3 3 3 3
_______________________________________________________________ %
(2) ROD NO. 1 2 3 4 5 b 7 8
(3> ROD LABEL LR1 LR? LR3 LR4 LRS L51 Ls2 TR1
_______________________________________________________________ x
(43 HIGH POWER PERIODS
(53 APHT  CKW/M) *x3) 36.3  32.t  33.6  36.7  32.2  32.8  35.3  35.5
(6) APHZ  C(KW/M) 37.7  34.7  35.1  38.6  34.1  34.4 37,8  3I7.1
(73 APH3  (KW/M
(8) APH4 (KWIMD
_______________________________________________________________ x
(9) LOWER POWER PERLODS
(10)  APLT  CKW/M) 25.4  19.7  zl.4 26.2  20.9  22.7  27.9  28.9
(113 APL2Z  (KW/M) 22,3 21,3 23.1 28,2 22.4 24,3 29.8  28.B
€12y APL3  (KW/m)
(132 APL4  C(KWiM)
_______________________________________________________________ x
(14) HPP, PEAX VALUES *1)
€15 PH1  (KW/M) *4) 37.2  32.8  34.3  37.6  34.7  35.2 39,0  38.2
(163 PHZ  (KW/M) 38.8 35,7 38.1  39.7  35.7  36.1  39.5  38.8
(17 PHI  (KW/M)
(183 PH4 {(KWiM2
_______________________________________________________________ %
(19) LAST RC x2;
€20 PLLRC x5) 28.6 22,3 24.2 29,7  22.3  24.2 29,6  28.%
_______________________________________________________________ x
(21)  TOTAL IRRADIATION
€22y APTOT (KW /M) 31.3  26.4  27.9 32,1 27,9  28.9  33.2  32.3
(23> BURNUP  CHWDIKGID 11.1 9.3 9.8 11.3 9.6 10,0  11.4  11.0
€24y FAST NEWTRON FLUENCE 8.1 12.9  14.3 18,9  12.6  13.6  18.2  17.2
€250  E > 1 MEV  X10XX24 MXY-2
_______________________________________________________________ x
(79> REMARKS
x1) HPP = HIGK POWER PERIOD
x2) RC = REACTOR CYCLE
x3) APH1 = AVERAGE LINEAR HEAT RATING DURING THE FIRST HIGHT
POWER PERIOD
*4) PH1 = MAX, LINEAR HEAT RATING DURING THE FIRST HIGHT

POWER PERIOD . (AVERAGE DURING ONE REACTGR CYCLE)

*5) PLLRC = LINEAR HEAE RATING DURING THE LAST LOW POWER
REACTOR CYCLE , FOR LS4 AND TS1 THE LAST REACTOR
CYCLE WAS A HIGHT POWER CYCLE OF 38.9 RESP 38.3
KW/iM

(80) REFERENCE STIR-53 TABLE-8
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<% 700008 *>

(12

(2>
(3)

(43
(53
(6)
(7)
(8)

)
100
(11)
(12)
(13)

(14)
(15)
(16)
“1mn
(187

(192
2o

{21}
(22
(23
(24)
(257

[RH]

gm

JAERI-M 86-101

*%%x  FUEL PERFORMANCE DATA exx DATE = 85-05 *¥PAGE** (- 98)

INTER RAMP (PRE-RAMP IRRADIATION DATA AT AXIAL PEAK POWER (2 ) k% 7OO00A xx

R KK KK KK KK R KKK K K HOR 3OR KKK R KK K KK KK K K K K KK KK KK KR KK R SO 3R K KK
STUDVIK
INTER-RP
COMMON
DaTA

S Ee e (F) K- (30 K (4) k- (5 ks (B) mke - (T Yoo {8) -

_______________________________________________________________ «
BIRP NO. 5 5 5 5 2 2 2 2
________________________________________________________________ "
ROD NO. 9 10 11 12 13 14 15 16
ROD LABEI L83 LS4 51 DR1 HR?2 HR3 HR4 HRS
_______________________________________________________________ x
KIGH POWER PERIODS
APHI  (KW/M) *3) 34,2 37.8  37.0  3i.8  31.2  33.0  41.0  38.5
APHZ  (KWIM) 34.4 37.9  37.1 T4.1 33.3  34.8 37.4  37.1
APH3  CKW/MD 33.7  35.0  37.5 37.2
APHA  (KW/M) 32.2  33.3 35.5 35.3
_______________________________________________________________ %
LOWER POWER PERIODS
APLT  CKW/H) 23.6 28.9 28,0 8.3 20.7  22.4  26.3 25.7
APLE  (KWIM) 24,7 30.1 29.1 22.7 21.8 23.6 27.5 26.9
APLI  CKWIM 22,4 24.1 27.9 27.3
APLG  (KW/IM) 22.9  24.6 28.1 27.6
_______________________________________________________________ x
HPP, PEAK VRLUES  *1)
PHT  (KW/IM) x4) 6.3 40.3 39.4  35.8  34.5  35.9  44.3 40.8
PH2  (KW/M) ©35.5 39,0 38.3  35.1 33.7 35.0  37.7  37.4
PH3  <kW/M) 35.2  36.4  39.1 38.8
PH&  CKWIM) 33.4  34.5  36.7  36.5
_______________________________________________________________ %
LAST RC x2)
PLLRC x5) 23.8  28.9 28.0  21.8  22.% 24.0  27.5 26.9
(38.9)%33(38.3)%3)
_______________________________________________________________ x
TOTAL LRRADIATION
APTOT (KW M) 29.8 4.4 33.6 28.7  27.3 28.8  32.7 32.0
BURNUP (HWDIKGfU) 9.0 11.4 10.8 8.7 18.2 19.2  21.8  21.3
FAST NEWTRON FLUENCE 10.5 14.9 1a.1 9.8 20.8  23.6  30.4 29.3
£ > 1 MEV  X10XX24 MXX-2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
REMARKS
%1) HPP = HIGH POWER PERIDD
x2) RC = REACTOR CYCLE
x3) APHL = AVERAGE LINEAR HEAT RATING DURING THE FIRST HIGHT
POWER PERIOD
*4) PH1 = MAX. LINEAR HEAT RATING DURING THE FIRST HIGHT
POWER PERIDD . CAVERAGE DURING ONE REACTOR CYCLE)
x5) PLLRC = LINEAR HEAE RATING DURING THE LAST LOW POWER
REACTOR CYCLE . FOR LS4 AND T§1 THE LAST REACTOR
CYCLE WAS A HIGHT POWER CYCLE OF 38.9 RESP 38.3
KWIM
_______________________________________________________________ %
REFERENCE STIR-53 TABLE-8
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JAERI-M 86-101

*k%x FUEL PERFORMANCE DATA xxx DATE = 86-05 *XPAGExx (D- 993

<k 700009 %» INTER RAMP (PRE-RAMP IRRADIATION DATA AT AXIAL PEAK POWER (3) ) xx 700009 *x

KK KR KK KK KK K R KK KR KKK K K R K R R KR KK R KRR K K KR KRR KK KR KRR KR K
STUDVIK
IKTER-RP
COMMON
DATA

Sy k- - (2% - (3% - (4) k- - (D) k- - (B) k- - (V) -k---(B)-x

---------------------------------------------------------------- *
€1)  BiRP NO. 4 4 4 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "
€2y ROG NO. 17 18 19 20
{3)  ROD LABEL Hs1 Hs?2 HS3 BR1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "
(4) HIGH POWER PERIDDS
¢5) APHL  (KW/M) x3) 37.0 32.7 34,2 37.4
6> APHZ  (KW/M) 36.3 32.4 33.8  36.6
(7 APH3Z  (KW/M) 36.3 32.6 33.9  36.4
(8> APHA  (KW/M) 35.2 32.2  33.3 35.3
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
($) LOWER POWER PERLUDS
19> APL1 (KWIM) 26.6 21.4 23.2 37,2
(1 APL2  (KW/MD 28.1 22.8 26.7 28.8
an APLZ  (KW/M) : 28. 4 22.7 24.5 29.2
(133 APLA  (KW/M) 29.2 23.5 25.2  30.0
________________________________________________________________ %
(14) HPP, PEAK VALUES %D
(15) PH1  (KW/M) *4) 38.6 34.2  35.7  39.0
(16> PHZ  (KW/M) 37.5 33.5 34.9  37.9
(17 PHI  (KW/M) 38.0  34.3 35.6 38.2
(18) PHA  (KWIM) 36.1 33.0 3441 36.2
________________________________________________________________ %
(19> LAST RE *2)
(203 PLLRE x5) - 29.4 23.7 25.4 30.1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "
(213 TOTAL IRRADIATION
(22) APTOT (KW IM) 32.2 27.7 29.2 32.7
(23 BURNUP CHWO/KG /U3 21.2 12.2 19.2 21.9
(24) FAST NEWIRON FLUENCE 26.7 18.7  21.4 27.6
(25) E > 1 MEV X10XX24 MXX-2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(79)  REMARKS
x1) HPP = HIGH POWER PERIOD
¥2) RC = REACTOR CYCLE
x3) APHY1 = AVERAGF LINEAR HEAT RATING DURING THE FIRST HIGHT
POWER PERLOD
*4) PH1 = MAX. LINEAR HEAT RATING DURING FHE FIRST HIGHT

POWER PERIGE . (AVERAGE DURLING ONE REACTOR CYCLED

x5) PLLRC = LIWEAR HEAL RATING DURING THE LAST LOW POWER
REACTOR CYCLE . FOR LS4 AND TS1 THE LAST REACTOR
CYCLE wAS A HIGHT POWER CYCLE OF 38.9 RESP 38.3
KW /M

{80) REFEREMNCE STIR-S53 TABLE-8
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JAERI-M 86-101

x¥x  FUEL PERFORMANCE DATA  xux= DATE = &6-05 *XPAGE®® (D-100)

<¥ 700010 *> INTER RAMP DIAMETER MEASUREMENT DATA (1) -LR,LS.TR- *% 700010 *xx

KRR KR KK KO KKK SRR KRR KR HOK K K RO R KKK KR R K KK K ORI R K K ORI KRR K KRR R R
STUDVIK
INTER-RP
COMMON
GATA

T (1)K () ko (3) koo (4) koo {5) ke (G) K- -{Thok--- (@3-

________________________________________________________________ N

(1) BIRP NO. 1 1 1 1 3 3 3 3
_______________________________________________________________ "

€2> ROD NO. 1 2 3 4 s 6 7 8

(3)  ROD LABEL LR1 LR2 LR3 LR4 LRS 181 Ls? TR1
_______________________________________________________________ x

43 F , FN NF F F F F F NF NF
_______________________________________________________________ x

(5) QVALITY

(6) AVERAGE ¢ 7 POSITIONS ) *1)

(7 AT (MICRON M) x5) 14 6 7 9 g 9 8 12

(8) ATR  (MICROM M) *6) 21 10 7 18 g 13 20 20

(9) AR (MICRON M) x7) 21 11 - - 13 - 19 22

(10 MAX ¢ SPIRAL PROF )

(11 PTR  (HICRON M) 27 18 27 34 12 35 - 49

(12 AR 33 18 33 34 25 33 - 33

{13) DIAMETER DECREASE *2)

(14) PTL - PTR

€15) MIDPELLET AVERAGE (MICRON M) 26.8 264.0 24.7 29.3 17.8 25.0  34.5 21.5

€15) INTERFACE AVERAGE (MICRON M) 21.3  21.8 22.7 27.2 16.7 23.0 29.6 4.6

(17> DIAMETER INCREASE x2) :

(18> AR - PTR

(19 MIDPELLET

(20) MAX. (MICRON #) 5 10 16 12 10 8 5 3

2D AVERAGE (MICRON M) 2.7 5.0 6.6 7.0 3.1 1.6 0.7 -0.7

22) INTERFACE

(23) MAX. (MICRON M) 11 9 20 50 26 18 8 i

(24) AVERAGE (NICRON M) 5.0 6.3 12.2 20.5 7.2 7.6 3.8 9.9

€25) RIDGE HEIGHT

(26> PR MWAX. (MICRON M) 4 4 6 2 0 5

(27 AR MAX. (MICRON M) 21 12 19 54 21 22 19 19
________________________________________________________________ «

(79) REMARKS

*1) AVERAGE OF THE MEASUREMENTS AT THE AXIAL POSITLIONS §2,
144,196,248,300,352 AND 404 MM FROM THE BOTTOM OF THE
RODS

*2) THE DIAMETER CHANGE HAS BEEN MEASURED FROM PROFILOMETRY
RECORDINGS FOR TWO GENERATORS (G - 180 AN 90 -270 DEGREE)
AT 13 CONSEQUTIVE POSITIONS C(PELLET NG 10 TO 22 OR
INTERFACE 10/11 TO 22/23 FROM BOTTOM END EMBRACING 95 -
100 % OF THE MAXIMUM POWER LEVEL AT RAMPING

*3) A LARGE OVALITY OF 50 MICRON-M OVER THE 2ND PELLET NOT
ITNCLUDED

¥4 A LARGE OVALLITY OF 32 MICRON-M OVER THE 3NMD PELLET NOT
INCLUDED

*%3) PTL = PRIOR TO IRRADIATION
*6) PTR = PRIOR TO RAMPING
*7) AR = AFTER RAMPING

(8G) REFERENCE STIR-53 TABLE- 16
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<k 700011 *>»

1)

2
(3

(4)

(5)

(67

{7

[€:D]

(93
10>
11
1)
(13
{14}
(133
(162
(173
183
(152
205
(21>
22
23
(247
(253
(262
273

e

(807

JAERI-M 86-101

*¥x  FUEL PERFORMANCE DATA  xxx DATE = 86-05 *¥PAGE** (D-101)

BIRP? NO.

ROD NG,
ROD LABEL

F o, EN

OVALITY
AVERAGE ¢ 7 POSITIDNS )
ATI (MICRON M)
PTR (MICROM M)

AR (MICRON M)
MAX ¢ SPIRAL PROF ?
PTR (MICRON M)
AR
DIAMETER DECREASE
PTI - PTR

MIDPELLET AVERAGE (MI
INTERFACE AVERAGE (MI
DIAMETER INCREASE

AR - PTR
MIDPELLET
MAX. (MICRON
AVERAGE (MICRON
INTERFACE
MAX., (MICRON
AVERAGE (MICRON

RIDGE HEIGHY
PR MAX. (MICRON M)
AR MAX. (M1CRON M)

REMARKS

REFERENCE

INTER RAMP DIAMETER MEASUREMENT DATA (2) -LS,T8,DR,HR- *¥x 700011 %%

L e g T L L L g g g P PG
STUDYIK
IRTER-RP
COMMON
DATA

Tt L) K2y ke o (3K () k- (5] K- (6) % (T)-X--- (8%

5 5 5 5 2 2 2 2
_______________________________________________________________ x
9 10 11 12 13 14 15 16
L53 LS4 151 DR1 HR? HR3 HR4 HRS
_______________________________________________________________ x
NF F F NF NF F NF NF
_______________________________________________________________ x
*1)
x50 7 5 5 8 6 B 16 8
x6) 11 11 9 13 11 11 22 12
£7) 10 g g 10 14 - 23 12
- 30 22 - 22 22 40 34
- 35 35 - 20 25 40 33
¥2)
CRON M) 25.2 24.8 26.4 18.0 26.2 25. 4 32.2 33.1
CRON M) 23.7 21.7 20.3 16.7 22.5 22.5 23.1 23.12
x2)
M) 1 & 18 4 ? 13 11 14
M) -2.5 0.8 5.3 1.1 0.3 6.8 3.7 7.1
M) 7 10 17 8 6 27 14 18
M) 1.7 3.8 7.2 4.7 2.4 13.6 6.8 10.7
4 4 0 4 8
15 22 28 10 17 19 35 26

*¥1) AVERAGE OF THE MEASUREMENTS AT THE AXIAL POSITIGNS 92,
144,196,248,300,352 AND 404 MM FROM THF BOTTOM OF THE
RODS

¥2) THE DIAMETER CHANGE HAS BEEN MEASURED FROM PROFLLOMETRY
RECORDINGS FOR TWO GENERATORS (0 - 180 AN 90 -270 DEGREE}
AT 13 CONSEQUTIVE POSITIONS C(PELLET NO 10 TO 22 OR
INTERFACE 10/11 TO 22/23 FROM BOTTOM END EMBRACING 95 -
100 % OF THE MAXIMUM POWER LEVEL AT RAMPING

*x3) A LARGE OVALLITY OF 50 MICRON-M OVER THE 2?ND PELLET NOT
INCLUDED

*4} A LARGE OVALITY OF 32 MICRON-M DVER THE 3ND PELLET NOT
INCLUDED

*5) PTL = PRIOR 70O [RRADIATION
¥6) PTR = PRIOR TO RAMPING
=) AR AFTER RAMPING

1

STIR-53 TABLE-16

—119— D -10
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JAERI-M 86-101

#*x%  FUEL PERFORMANCE DATA xxx DATE = 88-05 *%PAGE*x® (D-102)

<* 700012 *> INTER RAMP DIAMETER MEASUREMENT DATA (3D -H5,8R- ¥k TO0GLY *xx

o3 3k 30 K R K KRR KOK K OKCKOR K KKK KK K KK K K KK KK K KK KK KK HOK XK R KO0 KR K
STUDVIK
INTER-RP
COMMOK
DATA

S 1)k () % - (3) ke (4) ke (5) k- (E)-wo - (T)-x-- - (B) %

€19 BIRP NO. 4 4 4 4
_______________________________________________________________ *

(2> ROD NOD. 17 18 19 20

(33 ROD LABEL HS1 K52 H$3 BR1
_______________________________________________________________ x

oy F , FN F NF F £
_______________________________________________________________ x

(5> OVALITY

6) AVERAGE ¢ 7 POSITIONS ) x1)

&8 ATL  (MICRON M) x35) ? 7 7 12

€8 PTR  (MICROM W) x6) 16 9 g 14

(9 AR (HICRON M) x7) 17 9 8 19

(103 MAX ¢ SPIRAL PROF )

(1) PTR  (MICRON M) 24 27 *3) 20 *4) 39

(122 AR 28 26 *3) 25 *4) 115

(13) DIAMETER DECREASE x2)

(143 PTL - PTR

€15) MIOPELLET AVERAGE (MICRON M) 43.6 35.3 36.8 26.6

€16 INTERFACE AVERAGE (MICRON M) 35.3 32.8 33.7 24.2

(17> DIAMETER INCREASE £2)

€18 AR - FTR

(19 MIOPELLET

(20) MAX. (MICRON M) 3 7 9 11

€21) AVERAGE (MICRON M) 1.0 2.3 0.9 1.3

(22 INTERFACE

(23) MAX . (NICRON M) 10 14 16 92

(24) AVERAGE (MLERON M3 5.4 8.0 7.6 13.2

(25)  RIDGE HELGHT

(26) PR MAX. (MICRON M) 6 6 6 6

€27) AR MAX. (MICRON M) 26 16 15 100
............................................................... x

(r9) REMARKS

x1) AVERAGE OF THE MEASUREMENTS AT THE AXIAL POSITIONS 92,
144,196,248,300,352 AND 404 MM FROM THE BOTTOM OF THE
RODS

x2) THE DIAMETER CHANGE HAS BEEN MEASURED FROM PROFILOMETRY
RECORDINGS FOR TWO GENERATORS (G - 180 AN 90 -270 DEGREE)
AT 13 CONSEQUTIVE POSITIONS (PELLET NO 10 TO 22 0R
INTERFACE 10/11 TO 22/23 FROM BOTTOM END EMBRACING 95 -
100 % 0OF THE MAXIMUM POWER LEVEL AT RAMPING

#3) A LARGE OVALITY OF 50 MICRON-M OVER THE 24D PELLET NOT
INCLUDED

*4) A LARGE OVALITY OF 32 MICRON-M OVER TRE 3ND PELLET NOT
INCLUDED

x5) P71 = PRIOR TO IRRADIATIGN
*6) PTR = PRIOR TO RAMPING
*7) AR = AFTER RAMPING

(80) REFERENCE STIR-53 TABLE-16

D -1 -120—




JAERI-M 86-101

*xx  FUEL PERFORMANCE DATA k% DATE = 86-05 *kPAGER® (D-103)

<¥ 700013 x> [INTER RAMP MEASUREMENTS DATA (1) FOR B1RP-2 AND BIRP-4 *% 700013 *x%

3 KK 3R KK R SKOR R SE KKK K KR KRR RO KR K R K KR K O RO KRR KRR R KKK
STUDVIK
INTER-RP
COMMON
DATA

SR -2k (3) cEeo- (§)-m- oo (5) Koo (6)-H---(7) K- (3) ¥

(1) EXAMINATION o BIRP-4r-n=rmmn  mmmomomoe- BIRP=2--ranen oo
39
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(2) R2 CYCLE NO. PRECEDING MEASURE.  ------- 78-12R---mmm- oo 7609 -~ -aeeaos
(3) R2 CORE NO. PRECEDING MEASURE. -~ - 554--c-cacees mememesooa- 554-cm e
(43 ROB NO. HS1 Hs? HS3 HR2 HR3 HR4 HRS
(5> FN FLUENCE X1GXX24 (ACC) *1D T.60  4.90 5.63  5.66  6.24  8.07  7.54
(6 BURNUP  (MYD/KG) x1) 5.29  4.51  4.78 4,42 4,72 5,73 5,47
(7y  HPP x2)
(8 RZ CYCLE NO.  e-eee- 76-07--G9B-----  ccaeeoeo-o- T6-03--06--n--nn--
(9 PEAK POWER (KWIM) 38.6 34,2 35.7  34.5  35.9  44.3  40.8
(10> AVERAGE POWER  (KW/M) 37.0 32.7  34.2 31,2 33.0  41.0  38.5
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
(11)  ROD ELONGATION (MM) 0.38  0.29  0.30  0.42 0,45 0.47  0.44
(12) DIAMETER CREEP-DWON (MICRON M) 18.4  15.5 15.3 13.3 13.2 17.1 14.4
(13)  MAX., QVALITY =3) (MICRON M) ----NOT MEASURED----- 18 14 23 10
(14> DIAM. RIDGE H.(MAX) (MICRON M 9 0 0 2 3 10 4
(15) PELLET INTERFACE NO. 11/12  12/13 576 6/7

(793 RECMARKS
x1) REPOTED VALUES ARE MAXIMUM VALUES. TO GET AVERAGE VALUES
OVER THE SEVEN PRESCRIBED AXIAL POSITIONS FOR DIAMETER
CREEP-DOWEN AND OVALITY MEASUREMENTS MULTIPLY ¥LTH 0.9t
FOR FN FLUENCE AND BURNUP

*23 HPP = HIGH POWECR PLRIOD
*3) MAX OVALITY PRE-IRRADIATION VALUES : HR2 7,HR3 7,HRa4 17,
HR5 10 MICRON M

(80) REFERENCE
STIR-53 TABLE-14

—121- D -i(8




<% FOG0T4 x>

2
33
42
(&P
(67
(73
(82
(9)
(1063

(11)
(S
(13)

{147
(15)

(79

(802

D—-14

*Ex

EXAMINATION
RZ CYCLE NO., PRECEDING MEASURE.
R2 CORE NO, PRECEDING MEASURE.
ROD NO.
FN FLUENCE X10XX¥24 (ACC) %13
BURNUP  (MWD/KG) x1)
HPP x2)
R2 CYCLE NO.
PEAK POWER (KW /M3
AVERAGE POWER (KW/M2
ROD ELONGATION (MM)

DIAHETER CREEF-DWON (MICRON M)
MAX. OVALITY *3) (MICRON M)
DIAM. RIDGE H.(MAX) (MICRON M)
PELLET INTERFACE NO.

REMARKS

REFERENCE

JAERI-M 86-101

FUEL PERFORMANCE DATA

INTER RAMP MEASUREMENTS DATA (2)

FOR BIRP-2 AND BIRP-4

*¥% DATE = 86-05 *%PAGExx (0-104)

** 700014 xx

EAREE KK KFEKAKK KR KKK R EE TR RN KRR AR KRR RN R R R R NN RAOK R R KL R KK KK

“cm (1) %o -(2)-%---(3)-%-

STUDVIK
IKTER-RP
COMMEO K
DATA

S (A) ko (5) K- - () =¥ (T k- - (B) %

2 3
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
------------ TO-10------------m oo TP
----------- L Y G R LR 1.1 R
HR2 HR3 HR4& HRS HR?2 HR3 HR4 HR>

6.37 7.07 5.15 §8.69 i0.9 12.3 i5.8 15.1
5.08 5.41 6.49 6.22 8.92 9.7 11.04 10.70
------------- T6-10----rm----=--= - PH-10--12A----------
32 34,2 3r.0 36 33.7 35.0 3r.7 37,4
32 34,1 36.8 36.5 33.3 34.6 37.4 37.1
_______________________________________________________________ %
0,43 0.45 0.50 0,44 0.55 0.54 0.66 Q.66
20.0 20.0 23.9 23.3
16 12 22 14
2 3 11 4 4 3 14 12
11/12 12713 516 6T 11/12 11712 5/6 12713
_______________________________________________________________ x
*1) REPOTED VALUES ARE MAXIMUM VALUES. TD GET AVERAGE VALUES

x2)
*¥3)

OVER THE SEVEN PRESCRIBED AXIAL POSITIONS FOGR DIAMETER
CREEP-DOWEN AND OVALLITY MEASUREMENTS MULTIPLY WITH 0.91
FOR FN FLUENCE AND BURNUP

HPP = HIGH PDWER PERIOD
MAX OVALITY PRE-IRRADIATION VALUES
HR5 10 MICRON M

HR2 7,HR3 T7,HR4 17,

STIR-53 TABLE-14

—122—



<x 700015 *>

oD

(2)
(33
(4]
(5)
(6
(7)
(8)
(9)
(102

(117
(122
(132
(14)
(152

(79)

(80

®x%x FUEL PERFORMANCE DATA

EXAMINATION
R2 CYCLE NO. PRECEDING MEASURE.
R2 CORE NO. PRECEDING MEASURL.
ROD NO.
FN FLUENCE X10xX24 (ACCY x1)
BURNUP  (MWD/KG) ®¥1)
HPP x2)
R2 CYCLE NO.
PEAK POWER (KW /M)
AVERAGE POWER (KW/M)
ROD ELONGATIDHN (M)

DIAMETER CREEP-DWON (MICRON M)
MAX, OVALITY =33 (MICRON M)
DIAM. RIDGE H.{(MAX) (MICRON W)
PELLET INTERFACE NO.

REMARKS

REFERENCE

JAERI-M 86-101

INTER RAMP HEASUREMENTS DATA (3> FOR BIRP-2 AND BIRP-4

L2 DATE = B86-05 *xPAGEX® (D-105)

*xx 700015 =«

SR KKK 0K 3K O K Kk K RO K KR ORI K KKK 6 K K KO KOk KRR KRR K KOK KK R KK

STUDVIK
INTER-RP
COMMON
DATA

ce 1) Moo () % () Ko (4D Ee - (53 k- (6D ko= (Prok- - (B) -

BIRP-2
(43 (5)
_______________________________________________________________ x
************ 77-03--------===--  sommomoom=mmF7 ]
------------- L R il ¥ (Al
HRZ HR3 HR 4 HRS HR?2 HR3 HR 4 KRS
11.7 13.2 17.0 16.3 16.2 18.4 23.6 22.7
9,59 10.16 11.78 11.44 13.24 14.02 i6.08 15.68
************ 78-03------------= ---------=77-03--06------"---
34 35.7 38.4 38.1 35.2 36.4 39.1 38.8
34 35.5 38.2 37.9 33.7 35.0 37.5 37.2
_________________________________________________________________ %
0.57 0.55 0.71 0.69 0.63 0.61 0.95 0,90
18.7 20.1 27.1 27.1
13 11 24 15
5 4 17 13 5 3 20 12
10411 11712 13/14 12713 11/12 12713 5/6 12713
_______________________________________________________________ x
x1) REPOTED VALUES ARE MAXIMUM VALUES. TO GET AVERAGE VYALUES
OVER THE SEVEN PRESCRIBED AXIAL POSITIONS FOR BIAMETER
CREEP-DOWEN AND OVALITY MEASUREMENTS MULTIPLY WITH D.91
FOR FN FLUENCE AND BURNUP
*2) HPP = HIGH POWER PERIOD
*3) MAX OVALITY PRE-IRRAQDIATION VALUES HR?2 7,HR3 7,HR4 17,

HRS 10 MICRGH W .

STIR-53 TABLE-14

—123— D —105



<k 700016 %>

1)

2)
(3)
(&)
(5)
(6)
(7}
8)
(33
(o

(11}
{12
{13

{147
{15}

(79

(802

D18

EE S

EXAMINATION
R? CYCLE ND. PRECEDING MEASURE,
R2 CORE NO. PRECEDING MEASURE,
ROD NO.
FN FLUENCE X10xX24 (ACCY =1
BURNUP  (MWD/KG) *1)
HPP x2)
R2 CYCLE ND.
PEAK POWER (KW/M)
AVERAGE POWER (KW/M)
ROD ELONGATION (MM}
DIAMETER CREEP-DWON (MICRON M)
MAX, OVALLTY =3O (MICRON M)
DIAM. RIDGE H.{(MAX) (MICRON M)

PELLET INTERFACE NO.

REMARKS

REFERENCE

JAERI-M 86-101

FUEL PERFORMANCE DATA

INTER RAMF MEASUREMENTS DATA (4)

L2 L] DATE = 86-05 **kPAGEx® (D-106)

FOR BIRP-2 AND BIRP-4 *% 700016 *x

A R KK K K KR KKK KR K R SK KRR KK K ROK R R K KKK R K R OK K K KK KKK KK KR K K

STUDVIK
INTER-RP
COMMON
DATA

S ) ko {2y koo (3 (A) K- (5) <X e = (§) k- () koo (B)-X

_______________________________________________________________ *
(6) PR10OR TU RAMP
_______________________________________________________________ *
************ IR AR R £ B A R R
------------- L B B B b R
HR2 HR3 HR4 HR> HR?2 HR3 HR4 HR5
16.7 18.9 244 23.4 20.8 23.6 30.4 29.3
13.91 14.71 16.81 16.41 18.18 19.19 21.27 21.29
------------ TT-12----=------s- mmmme e P12 16 -
33. 34.5 36.7 36.5% 33.4 34.5 36.7 36.5
33. 34.3 36.7 36.5 32.2 33.3 35.5 35.3
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ®
0.67 0.63 1.00 0.96 0.73 0.59 1.09 1.066
23.6 23.9 31.9 30.2
16 14 26 18
a b 23 17 12 6 23 19
11412 12/13 6T 12713 819 12713 6f7 13/14
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
*¥1) REPOTED VALUES ARE MAXIMUM VALUES. TD GET AVERAGE VALUES
OVER THE SEVEN PRESCRIBED AXIAL POSITIGNS FOR DIAMETER
CREEP-DOWEN AND OVALITY MEASUREMENTS MULTIPLY WITH 0.91
FOR FN FLUENCE AND BURNUP
*¥2) HPP = HIGH POWER PERIOD
*¥3)> MAX OVALLTY PRE-IRRADIATION VALUES HR2 7,HBR3 7, HR4 17,

HRS 10 MICRON M

STIR-53 TABLE-14

—124 -




JAERI-M 86-101

#x%  FUCL PERFORMANCE DATA  *xx DATE = 86-05 x*PAGExx (D-107)

<x 700G17 x> INTER RAMP HOT CELL PIE DATA (1) -LR,L5,TR- xk 700017 wx

AR A K K KK KKK R KK K KKK R KKK K R K K KK KRR KOR EKK OR O K K R R K
STUDVIK
INTER-RP
COMHOK
0ATA

STl K (2) () k- (A K- (5D Koo (§) k- (T)-k---(B)-x%

_________________________________________________________________ x
(1) BIRP NO, 1 1 1 1 3 3 3 3
{2y ROD NO. 1 2 3 4 5 ] 7 3
(3) ROD LABEL LR1 LR2 LR3 LR4 LRS L§1 L§?2 TR1
(4> F , NF WF F F F F F NF NF

(5) WEIGHT

6l PTI (G) x4 532.0 531.7 53t.9 532.2 532.3 530.3 530.2 537.5
] AR (G) %53 532.2 532.8 533.2 533.1 533.1 531.7 530.3 537.8
8 AR -PTI (5 9.2 1.1 1.3 0.9 0.8 1.8 0.1 0.3

{9)  GAMMA - SCANNING 4R

102 NUCLIDE £5-137 - LA-140 LA-140 CS-137 CS$S-137 (8-137 (S-137

IR/
NB-535

(11> AXIAL FROM FALCTOR 1.12 - 1.11 1.12 1.13 1.14 1.13 1.14

1.14
12 POSITION OF PEAK %3) (MM) 220 - 240 230 210 200 200 209
210

______________________________________________________________ x

(13> BURNUF ANALYSIS
(14) ND-148 (HWD/KG-1) : 11.2
(15) uiey (MWD/KG-UD 11.05

(16) FISSION GAS RELEASE

an KR GD 4.8 4,7 1.7
(8 XE (%) : 4.8 5.0 1.6
_______________________________________________________________ x
(19)  TENSILE TESTING (AVERAGE)
(20 STRESS AT 0.2 % STRALN (MPA) 531 573
(21> MAX STRESS (NFA) 562 590
e HOMDGENDOUS STRAIN 0 1.2 0.52
(23) TOTAL STRAIN 8.9 4.7

(79) REMARKS
*1)  UNCERTAIN VALUE (+0.4 - 0.3y DUE TQ TOP AND/OR BOTTOM
EXTENSION PLECES MEASURED TOGETHER WITH THE ROD PTI BUT
NOT AR
*2) VALUE SUBTRACTED DY 2.8 GRAMS DUE TO A BROKEN END PEG ,
WHICH WAS LEFT IN THE BOTTOM PLUG HOLE
*3) MEASURED FRCM THE BOTTOM OF THE FUEL ROD

It

x5y  PTI
*5) AR

PRIOR T IRRADLATION
AFTER RAMPING

(80 REFERENCE
STIR-53 TABLE-17

—125— D —-107




<x 700018 x>

1)
2}
(31
{4

{57
(62
7
8>

(9)
103
(11)
(1
(133
(143
(157
(163
(17
183
19)
(207
(21>

(22
(23

79

(80)

D18

ER &9

BIRP NO.

ROD NO,

ROD LABEL

F . NF

WELGHT
PII (G x4)
AR (G)  *5)
AR -PTI G

GAMMA - SCANNING AR
NUCLIDE
AXIAL FROM FACTOR
POSITION OF PEAK %3) (MM)

BURNUP ANALYSIS
ND-148  (MWDIKG-U)
uspu (MWD/KG-U)

FISSION GAS RELEASE
KR ()
XE (&)

TENSILE TESTING (AVERAGE)
STRESS AT 0.2 % STRAIN (MPA)
MAX STRESS (MPA)
HOMGGENOUS STRAILN (%3
TOTAL STRAIN

REMARKS

REFERENCE

INTER RAMP HOT CELL PIE DATA (2)

JAERI-M 86-101

FUEL PERFORMANCE DATA

-L§,T§,0R,

KX

HR-

*XPAGE®x (D-108)

*%x 700018 =x

K K R KK ORHOK MK R R KR K R KR R R KK X KK KKK KRR R R R KRR R KKK KRN

S (1Yo (R k- (3% -

536.12
536.6 524.0%2)550.8%17561.4%1)561.3%1)

STUDVIK
INTER-RP
COMMON
DATA

524,72

2 2
13 14
HR?2 HR3
NE F

559.4  550.4

0.4 -0.2 0.1-0.8 0.7-1.4
£S-137 C8-137 (£8-137 CS5-137
IR/
NE-95
1.12 1.12 1.18 1.10
1.08
200 200 200 210
220
18.0
.2
5.5 3.4
5.8 3.7
ALUE (40,4 - 0.3) DUE TO TOP A

C(EY %o (5)-k---(6) - K--- (T)-H---(8)-x

2 2
15 15
HR4 HRS
NF NF

561.2 -
560.8

~0.1-+G.4 -

C3-137 LA-140
IR/
NB-§5
1.11 1.13
1.08
210 230
210
21.0
21.0
9.6 13.9
10.4 16.0
532
550
0.58
4.5

ND/OR 80TTOM

EXTENSION PIECES MEASURED TOGETHER WLTH THE ROD PTIL BUT

WHICH WAS LEFT IN THE BOTTOM PLUG HWOLE

5 5
9 10
LS3 LS4
NF F
531.6 531.6
531.6%2) 532.4
0 0.8
Cs-137 (€8-137
IR/
NB-95
1.13 1.09
1.11
210 180
220
8.5
§.71
2.3
2.2
*1) UNCERTAIN V
NOT AR
*2)
*3)
*4) PTL =
x5) AR =

STIR-533 TABLE-17

—126—

PRIOR TO IRRADIATION
AFTER RAMPING

MEASURED FROM THE BOTTOM OF THE FUEL RCD

VALUE SUBTRACTED DY 2.8 GRAMS DUE TO A BROXEN END PEG ,




JAERI-M 86-101

*xx  FUEL PERFORMANCE DATA xxx DATE = 84-05 *¥kPAGExx (D-109)

<% 700019 %> [NTER RAMP HOT CELL PILE DATA (3 “HE,BR- *% 700019 %x

B KKK KK OR K 0OK 5K 0K SRR KR K SR KR R S KKK K K KR KR R KK K K R NOK IOK SR K K K K K K
STUDVIK
INTER-RP
COMMON
BATA

S () E (2 (F) K- (4) K - (5) K- - (B K- ()% --(B)-%

_______________________________________________________________ x
(1) BIRP NO. 4 4 4 4
¢z) ROD NO. 17 18 19 20
¢3) ROD LABEL HS 1 HS? H$3 BR1
€43 F , NF F NF F F
______________________________________________________________ "
(5)  WELGHT
(6) PTI (6> ®4) 558.8  558.8  559.2  549.9
( AR (G)  *5) 559.8%13559.1x1)  560.2 550,0%1)
8) AR -PTI (6) 0.1-0.8 0.3-1.90 1.0 0.2-0.4
_______________________________________________________________ "
(3)  GAMMA - SCANNING AR
(107 NUCLEDE £$-137 £5-137 LA-140 LA-140
ZR/
NE-95
(1 AXIAL FROM FACTOR 1.12 1.11 1.1 1.11
1.08
(12> POSITION OF PEAK *3) (MM} 240 200 200 200
200
_______________________________________________________________ x
(13> BURNUP ANALYSIS
(14) ND-148  (MWD/KG-U) 17.1
€15) urey (MWD/KG-U) 18.1
_______________________________________________________________ %
€16) FISSION GAS RFLEASE
¢ KR (D : 6.2 3.4 242
(18) XE (D 6.6 3.5 29.6
_______________________________________________________________ %
(19> TENSILE TESTING (AVERAGE)
(20 STRESS AT 0.2 % STRAIN (MPA)
(21> MAX STRESS (MP4)
(223 HOMOGENOUS STRAIN €3
(233 TOTAL STRALN
_______________________________________________________________ ”
(79) REMARKS
*1) UNCERTAIN VALUE ¢+0.4 - 0.3) DUE TO TOP AND/OR BATTOM
EXTENSION PIECES MEASURED TOGETHER WITH THE ROD PTI 3UT
NOT AR
%2) VALUE SUBTRACTED DY 2.8 GRAMS DUF TO A BROKEN CND PEG ,
WHICH WAS LEFT IN THE BOTTOM PLUG HOLE
*3> MEASURED FROM THE BOTTOM OF THE FUEL ROD
%43 PTL = PRIOR TO LRRADIATION
x3) AR = AFTER RAMPING
_______________________________________________________________ %

(80) REFERENCE
STIR-53 TABLE-17

—127- D -1




EEE

<% 700020 *> RESULTS OF SEC TESTING

(12
(2
(3
(4
(52

(9)
10)
113
(123
13

(/9

[€:11D]

D 110

SAMPLE
ANNEL STATE
FAST NEUTRON DOSE (N/CMxx2)

BURNUF (MED/KG- D
I0DINE *3) (MG CH*%3)
STRESS (MPA)
TIME (HOURS)
ELONG (%)
FRACTURE
WICROSCOPILC
SCC CRACK
LENGTH (MM)
DEPTH (MM}
REMARK S
REFERENTE

JAERI-M 86-101

FUEL PERFORMANCE DATA  *xx DAL = 86-0% *¥PAGL*x (D-110)

0F INTER RAMP MATERIAL %1} x% 700020 *x

AR K R KK R R R KR KK R KR KR KK K 0K K RO OIS R K OR R R R KR K KK
STUDVIK
INTER-RP
COMMON
DATA

S () () e (3) K- (A) X (5) k- (BT k- (TY % (B) -

HR4T %23 HR4B %3) 18§ 65 LS3T x3) LS53B %3 3H TH
RECRYST : H : STRESS REL : i
3x10%x21 : Q 0 T*x10%%71 ! 0 g
21,8 21.8 0 0 9.0 5.0 0 4]

1 1 1 1 1 b 2.5
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
332 359 285 340 322 STEPS- 492 485 495

359 330 WISE TO 545
1 0.4 3.7 0.17 8 STEPS 0.6 1.25 1
G.7 1 1 HR
10.7 1.12 0.64 2.2 4
0.24 0.24 14.7
_______________________________________________________________ *

x4 ) *5) *6) *x5) %70 *7) *7) x7)

10 1G 5 1.1 20 LONG 25 20

0.33 0,438 0.15 0.45 0.18 0.31 0.5 0.1

*1) TESTING TEMPERATURE 320 DEG-C (MORE RESULTS OGN UNIRRADIA-
TED MATERIAL IS GIVEN IN REF 144 - 1435 O

*2) T = T0P

*3) B = BOTTOM

*4) INTERCRYSTALLINE ALL THROUGH

*5) INTERCRYSTALLINE AND CLEAVAGE

*6) INTERCRYSTALLINE
®x7)  MAINLY INTERCRYSTALLINE

CRACKS ALONG ELONGATED GRAINS TYPICAL FOR 8TRESS RELIEVED
MATERIAL

STIR-53 TABLE-18
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<x 700021 x>

2)
3)
(4)

{3
{aj
7
[€:]
9
(10

(113
12
13)
(14)
{(i3)

{16)

7
(182
(e
(202
(21
(223
(23)

(24)
(252
(262
(27
(28)
(29
(302

31
(32
(33
134)
35
(363
(37

(79}

80

BIRF NO

ROD NO.
ROD LAB
F . Fg

EXTERNA
NECH
MECH
MECH
MECH
MECH

ROD LENGTH BETWEEN FLAT ENDS

MECH
N-RAD
PTR -
N-RAD

AR -

ug-2 7o
MECH
N-RAD
N-RAD
PTR -
N-RAD
AR -

ENRICHED UD-2 STACK LENGTH

MECH
N-RAD
N-RAD
PTR -
N-RAD
AR -

PLENUM
MECH
N-RAD
N-RAD
PTR -
N-RAD
AR -

REMARKS

REFEREN

INTER RAMP ROD LENGTH MEASUREMENT DATA (1)

EL

L ROD LEKGTH
PTI1 {MM)
PTR (MM

PTR - PTI (WM
AR
AR - PTR (HM)

PTI (MM)
PTR (MM)
PTI (HM)
AR (HM)
PTR (MM)

TAL STACK LENGTH
F (MM
PT1 (MM
PTR (MM}
PT1 (MM)
AR (HH)
FTR (MM)

F {MH)
PTI (MM}
PTR (NM)
PT1 (MM)
AR (MM}
PTR (MM}

CHAMBER LENGTH

F (MM)
Pl (MM}
PTR (MM)
PTI {MM)
AR (KM
PTR (MM
CE

FUEL PERFORMANCE DATA  *%x DATE = 86-03

JAERI-M 86-101

*RPAGE®® (D-111)

-LR,LS,TR- xx 7000721 ®%
**R*******************'-K)H.‘i**)ﬁ***********3*******#***ﬂ('ﬂ***********
STUDVIK

INTER-RP

COMMON

DATA

S (L) = (2o () K- (4) K- - (S) k- () K- (F)-%---(8)-%

1 1 1 1 3 3 3 3
_______________________________________________________________ X
1 2 3 4 5 6 7 8
LRI LR2 LR3 LR4 LRS Ls1 Ls2 TR1
NF F F F F F NF NF

573.67 S573.93 573.30 573.70 S572.43 S574.90 - 573.73
0.67 n.78 0.43 0.69 0.53 0.56 - G.70
573.70 574,06 - - 573.51 " - 573.76

527,98 528.06 527,97 5S28.01 527.87 527.94 528.00 528.03
528.57 528.57 528.57 528.71 528.41 528.39 528.62 528.71
0.69 0.51 0.80 0.70 0.54 0.45 0.62 0.68
528.63 528.55 928.55 528.8% 528.67 528.51 528.71 328.73
528.73%1) 528,.94%1)528.58x%1)
-0.04 -0.072 -0.02 -0.14 0.26 0.12 0.09 0.02
(0.168) (0,23 (0.19

_______________________________________________________________ .
42.1 41.8 42.6 42.5 42,0 42.38 43.1 40.9
41.9 41,6 42,5 42.3 42.1 42.54  43.06  40.91
44,2 42.8 44,1 44.5 43.06 43,86  44.85 42,49

2.3 1.2 1.8 2.2 2.96 1.32 1.79 1.58

44.2 42.8 43,15 44.33  43.24  43.91 45,07  42.83

0 0 -9.95  -0.17 0.18 0.05 0.22 0.34

_______________________________________________________________ x
NGTATION

MECH = MECHANICAL MEASUREMENT CORRECTED 7O 20 DEG-€
N-RAD= MEASUREMENT FROH N-RADIOGRAPHY NOT CORRECTED TEMP,
PTI = PRIODR TO IRRADIATION

PTR = PRIOR TO RAMP

AR = AFTER RAMP

F = FABRICATION MEASUREMENT

*x1) HOT CELL MECHANICAL MEASUREMENT CORRECTED TO 20 DEG-C
*x2) FUEL STACK DISTURBED

STIR-53 TAZLE-15

—129—
D -1




JAERI-M 86-101

%xxx FUEL PERFORMANCE DATA  *%x DATE = 86-05 *xPAGEX® (0-112?

<x 7OO022 x> INTER RAMP ROD LENGTH MEASUREMENT BATA (2) LS, T5,DR, HR- xx 700022 xx

o2 KK R K K K K KK R R KK R KK K KK O 3K 5K K KK K K K K K K R KK R K
STUDVIXK
IKTER-RP
COHMON
DATA

e (1) Hm - (D) k- (F) -k (Ao (G- - (B - (T) X - (B -k

(13 BIRP NO. 5 5 5 5 2 2 2 2
_______________________________________________________________ *
(2) ROD NO. 9 10 11 12 13 14 15 18
(3) ROD LABEL L§3 LS4 Ts1 DR HR? HR3 HR4 HRS
(4) F , F3 NF F F NF NF F NF NF

(53 EXTERNAL ROD LENGTH

(63 MECH PTI (MM) 572,87 573.01 572.85 573.05 573.23 573.3% o573.17 573.34
(72 MECH PTR (MM) - 573.63 573.71 - 573.96 574.08 574.26 574.40
(8) MECH PTR - PTI (HHZ - 0.62 0.86 N 0.73 0.69 1.09 1.06
(6D MECH AR - 573.71 573.77 - 573.99 - 574.31 5T4.47
(10) MECH AR - PTR (HHMD - 0.08 .08 - 0,03 - 0.05 0.07

(11> ROD LENGTH BETWEEN FLAT ENDS

€12 MECH PTIL (M) 527.96 527.38 527T.86 527.98 - - - -
€13) N-RAD PR CNM) 528.39 528.50 528.6% 528.37 528.92 528.89 529,13 529.07
(14) PTR - PIL CMM) 0.43  0.52  0.83 0.39
€15) N-RAD AR M) 528.38 528.60 5?8.60 528,34 528.9C 529.00 529.08 529.39
528.97%1) 528.71%1)
(162 AR - PIR (MM) - -g.01  0.10 -0.09 -0.03 -0.02 0,11  -0.05 0.32
(0.58) 0.34)
______________________________________________________________ *
(17) U0-2 TOTAL STACK LENGTH
(g MECH F (MY 427.2  427.4  428.7  427.4  436.7  426.7  426.7  427.0
(1o N-RAD PTI (HHD 426.99  427.27 428.17 427.24 426.77 426.61 426.70 -
20 H-RAD PTR (MM 426.57 426.60 427.10 427,31 426.25 426.33 424.94 425.4
21 PTR - PTI (MM -0.42  -0.67 -1.07  0.07 -0.52 -0.28 -1.76  -1.8
22 K-RAD AR MM 476.10 426.36 427.33 427,15 426.23 426.99%2)425.08 425.29
(23) AR - PIR (MM S0.47  -~0.24  0.23 0.1 -0.02  0.66%2) 0.14 0,05
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(?4) ENRICHED U0-2 STACK LENGTH
(25) MECH F (M) 406.4  401.7  402.0  401.3  400.9  400.8  400.9  400.9
(26 N-RAD PTI (M) 400.36 401,56 402.0% 401.17 400.94 400.70 400.83 -
27 N-RAD PTR (MK 400.90 400,91 400.93 401.13 400.38 400.45 399.36 398.37
(28) PTR - PTI (MH) 0,46 -0.65 -1.08 -0.04 -0.56 -0.25 -1t.50 (-1.9)
(29 N-RAD AR (MM) 400.52 400,70 401.26 401.09 400.42 400.60 399.52 399.73
(302 AR - PTR (HH) -0.38  -0.21  -0.33  -0.04  0.04 0.15 0.16  0.36
_______________________________________________________________ *
(31> PLENUM CHAMBER LENGTH
32) MECH F CHM> 41.8  &1.7  40.5 41,4 42,2 41.8  42.7 42.0
33 N-RAD PTI (MY 41.7  41.5  40.5  &1.5 42.3 42.1 4.2 41.9
€34 N-RAD PTR CHM)D 42.68  42.85 42,47  41.92 43,53  42.86  44.89  44.58
{353 PTR - PTI CHM) 0.98 1.4 2.0 0.4 1.2 0.8 2.7 2.7
36) N-RAD AR {TH 43.16 43,25 42.21 42,14 43,39 42.72  44.88  44.60
(372 AR - PTR (MM 0.48  0.44  -0.26  0.22  -C.14  -0.14  -0.01 0.08

(79 REMARKS
NOTATION
MECH = MECHANICA{ MEASUREMENT CORRECTED TD 20 DEG-C
N-RAD= MEASUREMENT FROM N-RADIOGRAPHY NOT CORRECTED TEMP.

PT1 = PRIOR TO IRRADIATION
PTR = PRIOR TO RAMP

AR = AFTER RAMWP

F = FABRICATION MEASUREMENT

x1) HOT CELL MECHANICAL MEASUREMENT CORRECTED 70 20 DEG-C
x2) FUEL STACK DISTURBED

(80 REFERENCE
STIR-53 TABLE-15
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<x 700023 x>

EE %4

JAERI-M 86-101

FUEL PERFGRMANCE DATA

INTER RAMP ROD LENGTH MEASUREMENT DATA (3)

K DATE

-H3,BR-

H

86-0

**PAGE*x ([-1137

x% 700023 *x

KRR KKK KRR KRR KK R L KK RE KRR KR KK AR KRR KRR KKK RN KRR KRR

STUDVIK
[NTER-RP
COMMON

DATA

e X - (2) K- (3 ke - (4) K- - (5) % - (B -k---(T)-K---(B)-x

(1) BIRP KO. 4 4 ¢ 4
_______________________________________________________________ x
(23 ROD NO. 17 18 19 20
(3> ROD LABEL HS1 HS? HS3 BR1
Yy F, F3 F NF F F
_______________________________________________________________ "
€53 EXTERNAL ROD LENGTH
(83 MECH PTI (MM 573.37 573.27 S73.30 573.25
(" HECH PTR (MM) 574.53 574.04 $74.13 374,13
8) MECH PTR (HM) 1.16  0.77  0.83  0.88
€9 MECH AR 574.5% 574.06 574.19 574.20
(M MECH AR CHM) 0.06  6.02  0.06 0.07
_______________________________________________________________ "
€11>  ROD LENGTH BETWEEN FLAT ENDS
(1 MECH PTI (MH) - - - -
(1 N-RAD PTR CMM) 529.26 528.89 529.09 529,09
(14) PTR - PTIL (M)
€15) H-RAD AR CHM) 529.40 529.03 529.25 529.16
(16 AR - PTR CHM) 0.14  0.14  0.16  0.07
_______________________________________________________________ *
(17) UD-2 TOTAL STACK LENGTH
(18) MECH F (MM 425.2  425.0  427.0  423.1
(193 N-RAD PTI (MM) 425.29 424.89 427.03 423.03
(20 N-RAD PTR (M) 424.32 424.93 426.52 421.64
(21 PTR - PTI (MM) -0.97  0.04 -0.51  -1.39
22 N-RAD AR (HM) 424,36 424.76 426.55 421.95
€23) AR - PTR (MM 0.06 -0.17  0.13  0.3%
________________________________________________________________ %
€24) ENRICHED UO-2 STACK LENGTH
€253 MECH F (MM 399.1  399.0  401.0  397.0
(26) N-RAD PTI CHM) 399.17  398.95 401.07 397.02
(27> H-RAD PTR CHM) 398.35 398.96 400.63 395.79
28) PTR - PTI CHM) -0.82  0.01  -D.44  -1.23
(29> N-RAD AR (MM 398.32 396.84 400.77 395.73
(303 AR - PTR (HM) -0.03  -0.12  0.14  -0.06
_______________________________________________________________ *
(31)  PLENUM CHAMBER LENGTH
32) MECK F (MM) 43.5 44,0 41.8  45.9
(33 N-RAD PTI (M) 43.5  43.9  42.5 45.8
€34) N-RAD PTR TMM) 45.66  44.58  43.25  48.03
(35) PTR - PTI (MM) 2.16  0.58  0.75 2.23
(36 N-RAG AR CMM) 45.84 45,05  43.30  47.60
(37 AR - PTR (MM 0.16  0.47  0.05  -0.43
_______________________________________________________________ x
(79> REMARKS
NOTATION
MECH = MECHANICAL MEASUREMENT CORRECTED T0 20 DEG-C
N-RAD= MEASUREMENT FROM N-RADIOGRAPHY NDT CORRECTED TEMP.
PTI = PRIOR TO IRRABIATICN
PTR = PRIOR TO RAMP
AR = AFTER RAMP
F = FABRICATION MEASUREMENT
*1) HOT CELL MECHANICAL MEASUREMENT CORRECTED 70 20 DEG-©
x2) FUEL STACK DISTURBED
_______________________________________________________________ x
{80) REFERENCE
STIR-53 TABLE-15
—131 - D113




<% 700024 %>

23
(33

(4}
(3)
(6l
{7
8>
2

(11
(12
13

(14)
(152
(16>
(17}

(18)
(19)
2o
2D

(z2)
(233

(79)

80

D114

XX

BIRP NO.
ROD NO.
F , FS x1)
PRE-RAMP IRRADIATION
LAST RL PL (KW/MY x2)
LAST LPP AVPL (KWiM) %3)
LAST HPP PH (KWwiM) x4)
BURNUP (MWD/KG)
TEST FLUENCE
E > 1 HEV  10%x24 _M*x-2
CONDITIONING
CPL PC (KWWMY *5)
TIME (HOURS?
RAMP IRRADIATION
PRR BPR (WiIM.S3 *6)
PTL PEAK PR (W/M.5> x7)
TFPD (HIN) *13)
HOLD TIME AT PTL (MIN)

POWER INCREASE ABOVE

DELTA PL (XW/M)
GELTA AVPL C(KW/H)
DELTA PH (KW/M)
DELTA PC (KW/M)
REMARKS
REFERENCE

JAERI-M 86-101

FUEL PERFORMANCE DATA

*****X**X*#************#***m********t***X****************#}K*****

Hx DATE =

INTER RAMP,PRE-RAMP IRRADIATION DATA AND RAMP IRRADIATION DATA 1

STUDVIK
INTER-RP
COMMON
DaTA

86-05

XkPAGE %

(D-1143

®% 700024 xx

TR ko (B k- (4) k- (5) k- (B) % (T)-k--- (&) %

80%8)

43.
>1440

[ B = <]

8
4

QW

-8

T0

42,

>1440

o oo

1 1 1 3 3 3
LR2 LR3 LR4 LRS L§1
F F F F F NF
23.4 25 .4 31.1 23.4 25.4 31
22.3 24.2 29.6 23.5 ?25.5 31
37.4 37.8 41.6 37.4 37.8 41
9.8 10.3 11.9 10.0 16.3 12
12.9 14.3 18.9 12.8 13.6 18
24.5 35.0 35.3 25.1 76.9 i
24 24 24 24 24 24
70 65 65 85 90 65
45.7 50.1 65.4 42.7 48.2- 43
6fAT1%5) 11 0.5 1627194 17#26 >1440
1212

84 103 5 1440 35 1440
22.3 4.7 34.3 19.3 22.8 12
23.4 25.9 35.8 19 22.7 12,
8.3 12.3 23.8 5. 10. 4 2
21.2 15.1 30.1 17. 21.3 12
FAILURE , NF = NON FAILURE

*1)
*2)
33
¥4)
%5)

*h)
*7)
*8)
*xq)

*103
*11)

*12)
®13)

RC =
LPP =
HPP =
CPL =

PRR =
PTL =
PAUSE
SMALL

REACTOR CYCLE

LOw POWER PLRLIOD

HIGH POER PERIOD
CONDITIONING POWER LEVEL

FOWER RAMP RATE
RAMP TERMINAL LEVEL
2 MIN AT 32.0 KW/H

ACTIVITY INCREASE AFTER 46 MIN
LARGER ACTIVITY INCREASE AFTER 51 MIN
THE LAST RE WAS A HIGH POWER CYLLE AT 40.3 KW/M

FROM 29.6 KW/M WITH A RATE OF 0.28 KW/M.5 TO 40.8 KW/M
THE LAST RC WAS A HIGH POWER CYCLE AT 40.1 KW/M
= TIME TO FISSION PRODUCT DETECTION ¢KOT INCLUDLING

DELAY TIME OF MEASUREMENT S$YSTEM)

TFPD

STIR-51 TABLE-1
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JAERI-M 86-101

¥%¥x  FULL PERFORMANCE DATA  xxx DATE = 86-05 *XPAGE*% ($-115)

<* 700025 %> INTER RAMP,PRE RAMP I1RRADIATION DATA AND RAMP IRRADIATION DATA 2 *% 700025 %

(13

(23
£33

(4)
5
()
(n
§:3]
(g7

“n
(1)
(3

(14)
(15)
(148>
(17>
(18>

(19)
(20
21D
22)
(23

(793

{80

3K K SRR KK KK KK KR KK R K K KK K K K KR 3KKKOR K K K KK KR 3K K KK K K O KK K K K KOK
STUBVIK
INTER-RP
COMMON
DATA

Se ) Ko () Ko () K (4D K== (S) ko () K- () -k---(8) %

________________________________________________________________ X
BIRP NO. 5 5 5 5 2 2 ? ?
_______________________________________________________________ "
ROD NO. Ls3 LS4 Ts1 DR1 HR? HR3 HR4 HRS
FLofs *¥1) NF F F NF NF F NF NF
_______________________________________________________________ "
PRE-RAMP IRRADIATION
LAST RC  PL (KW/M) %23 26.9%  30.3%¥10029.4%12)27.9 23,5 25.2  28.8  28.2
LAST LPP  AVPL  (KW/M) x3) 25.9 315 30.5 23.8  26.0  25.7  29.5 28.9
LAST HPP PH CKWINY %4) 3t.2  40.9  40.1  36.8  35.0  36.?  38.5  38.3
BURNUP (MWD /KG) 9.4 1.9 11.3 9.1 19.1 20.1 22.8  22.3
TEST FLUENCE 10.5 14.9  14.1 9.8 20.8  23.6  30.4  29.3
E > 1 MEV 10%%24 .Mxx-2
_______________________________________________________________ x
CONDITIONING
CPL PE CKW/M *5) 25.0  40.8%¥11)29.7  22.9  23.0 25,2  29.0 29,0
TIME CHOURS> 24 24 24 24 24 24 24 24
_______________________________________________________________ %
RAMP IRRADIATION
PRR DPR CWIM. 8 *6) 65 70 70 75 75 &5 70 70
PTL PEAK PR (WiM.§) x7) 41.8  50.7 47,3 43.2  38.0 3.2 46.1  47.9
TFPD (HIN) *13) 21440 72 296 »1440  >1440 260 >1440  >1449
HOLD TIME AT PTL (NIN) 1440 92 319 1440 1440 318 1440 1449
T SRS R .
POWER INCREASE ABOVE
DELTA PL  CKW/M) : 16.9  20.4  17.9  20.3 14.5 18.0  17.3 19.7
BELTA AVPL (KW/M) 5.9 19.2  15.8 19.4 14,0 17.5 16.6 19.0
DELTA PH  CKW/M) 4.6 9.8 7.2 6.4 3.0 7.0 7.6 9.6
DELTA PC  (KW/M) 16.8 9.9  17.5 20.3 15.0 8.0 17.1 18.9
_______________________________________________________________ .
REMARKS
*1) F = FAILURE , NF = NON FAILURE
*2) RC = REACTDR CYCLE
X33 LPP = LOW POWER PERIOD
%43 HPP = HIGH POER PERIOD
x5) CPL = CONDITIONING POWER LEVEL
x6) PRR = POWER RAMP RATE
*7) PTL = RAMP TERMINAL LEVEL
%8) PAUSE 2 MIN AT 32.0 KW/M
*9) SMALL ACTIVITY INCREASE AFTER 45 MIN
LARGER ACTIVITY INCREASE AFTER &1 MIN
x10) THE LAST RC WAS A HIGH POWER CYCLE AT 4.8 KW/M
*11) FROM 29.6 KW/M WITH A RATE OF D.28 KW/M.5 TD 40.8 KW/
*12) THE LAST RC WAS A HIGH POWER CYCLE AT 40.1 KW/
*13) TFPD = TIME TQ FISSION PRODUCT DETECTION (NOT INCLUDING
DELAY TIME OF MEASUREMENT SYSTEM)
_______________________________________________________________ x

REFERENCE
STIR-51 TABLE-1
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<* TO002

(2)
3

(47
(53
[4:p]
n
1§23
9

11
(127
(133

(14)
(12)
(16)
(17)
18l

QD!
20
(21

(22>
(232

(79)

80

D -i16

N

b %>

BIRP NO.

ROD NGO,
F, FS§ *1)

PRE-RAMP IRRADIATION

LAST RC PL (KW/N) *2)
LAST LPP AVPL <KW/M) x3)
LAST HPP PH (KW/M) x4)
BURKNUP (MWD/KGD
TEST FLUENCE

E > 1 MEV 10%%24 _Mxx-2

CONDITIONING
CPL PC
TIME

(KW/M x5)
(HOURS)

RAMP IRRADIATION

PRR DPR (WIN.5) *5)
PTL PEAK PR (W/M.35) xT}
TEPD (MIN3 *133

HOLD TIME AT PTL (MIN)

POWER INCREASE ABOVE

DELTA PL (KWiM)
DELTA AVPL (KW/M)
DELTA PH (KW/MD
DELTA PC (KW/MD
REMARKS
REFERENCE

FUEL PERFORMANCE DATA #xx

JAERI-M B86-101

JATL = 86-05

INTER RAMP,PRE RAMP IRRADIATION DATA AND RAMP IRRADIATION DATA 3

¥¥PAGL®kx (D-116)

*x 700026 *x

FKERE KK AL KRR F RE KKK KRR RN AR E R KRR KRR AR KRR R AR KA KKK XKLL R K

STUDVIK
INTER-RP
COMMON
DATA

SR e (2D ke () k- (4) k- (5) K- (H) k- (T -meo- (8%

4 4 4 4
HS1 HS2 HS3 BR1
F NF F F
30.8 24.8 26.6 31.5
jo.6 24.6 26.4 31.4
37.8 34.6 35.7 37.9
22.2 19.1 20.1 23.0
26.7 18.7 21.4 27.6
30.3 24.8 26.6 31.1
24 24 24 24
65 65 70 45
47 .8 41.0 44,9 51.0
26 1440 42 1440
26 1440 59 1440
17.0 16.2 18.3 19.5
17.2 16.4 18.5 19.4
10.0 6.4 g.2 13.1
17.5 16.2 18.3 19.9

*1) F = FAILURE , NF = NON FAILURE

*x2) RC = REACTOR CYCLE

*3) LPP = LOW POWER PERIOD

*4) HPP = HIGH POER PERIOD

*5) LPL = CONDITIGNING POWER LEVEL

x5} PRR = POWER RAMP RATE

®7) PTL = RAMP TERMINAL LEVEL

*§) PAUSE 2 MIN AT 32.0 XW/M

*9) SMALL ACTIVITY INCREASE AFTER 46 MIN
LARGER ACTIVITY INCREASE AFTER 61 MIN

*10) THE LAST RC WAS A HIGH POWER CYCLE AT 40.8 KW/N

*11) FROM 29.6 KW/M WITH A RATE OF 0,28 KW/M.S TO 40.8 KWIM
*12) THE LAST RC WAS A HIGH POWER CYCLE AT 40.1 KW/M

*13) TFPD = TIME TO FISSION PRODBUCT DETECTLON
DELAY TIME OF MEASUREMENT SYSTEM)

STIR-51 TABLE-1
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<% 700027 >

(23
33
47

5)

(6)

(79>

80

<% 700028 =x>

2)
3
(4

(5>

(62

(79

80

JAERI-M 86-101

*%xx  FUEL PERFORMANCE DATA xux DATE = 84-05 *XPAGE** (D-117)
INTER RAMP FUEL RODS WEIGHT INCRFASFS (1)  -LR,LS,TR- k% 700027 xx
*************!(X*ﬁ(***********&*!*******#X**********K**?XK*********
STUSYIK
INTER-RP
COMMON
BATA
ST (R) K (3) K- (A) Ko (5D K- (G k- (T)-k---(8) %
________________________________________________________________ %
BIRP NO, 1 1 1 1 2 2 2 2
_________________________________________________________________ .
ROD NO. LR1 LR2 LR3 LR4 HR2 HR3 HR4 HRS
WEIGHT BEFORE IRRADIATION (G) $32.0  431.7  531.9  532.2  S59.4  S60.4  561.2 -
AFTER RAMP (6) 532.2 532.8 533.2  533.1 559.8 561.4 561.3  S560.8
+0.4 *1)+0.4 *1)+0.3 *1)
-0.3 -0.3-0.2
INCREASE 6 #0.2  +1.1 +1.3 +0.9 0.1-0.8 0.7-1.4 -0.1-+0.4 2
FAILED , NONFAILED NF F £ F NF F NF NF
_______________________________________________________________ x
REMARKS
*1) THE VALUE AFTER RAMP IS UNCERTAIN WITHIN THE GIVEN LIMITS
AS IT CONTALNS THE AVERAGE WEIGHTS OF TOP AND / OR BOTTOM
EXTENSIONS WHICH WERE MOUNTED ON THE ROD WHEN WEIGHED
BEFORE IRRADIATION BUT NOT WHEN WEIGHED AFTER RAMP
¥2) VALUE SUBTRACTED BY 2.8 GRAMS WHICH IS THE CALCULATED
WEIGHT OF A BROKEN END PEG WHLICH WAS LEFT IN THE BOTTOM
PLUG HOLE
_______________________________________________________________ *
REFERENLE
STIR-51 TABLE-4
INTER RAMP FIEL RODS WEIGHT INCREASES (2)  -LS,TS,DR,HR- X 700028 xx
HREK R LKA E LR K E KRR KR KRR ER KKK R KRR R ER R KRR AKX N EE NN R R R
STUBVIK
INTER-RP
COMMON
DATA
ST ) () ke (B) ke - (4D ks (5) X (B) K- () %--- ()%
_______________________________________________________________ x
BIRP NO. 3 3 3 3 4 4 4 4
________________________________________________________________ x
ROD NO. LRS Ls1 82 TR1 BR1 HS1 HS2 HS3
WELGHT BEFORE IRRADIATION (6) 532.3  530.5 530.2 537.5 549.9 558.8 558.8  559.7
AFTER RAMP 6> 533.1 531.7 $30.3 537.8 550.2 559.4  559.1  560.2
+-0.1%1340.4 %9240,4 *x1)
-0.3 -0.3
INCREASE (6 +0.8 +1.8 0.1 +0.3  0,2-0.4 0.3-1.0 0.3-1.0 1.0
FALLED , NONFAILED F NF NF F E NF F

REMARKS

REFERENCE

*1) THE VALUE AFTER RAMP IS UNCERTAIN WITHIN THE GIVEN LIMITS
AS IT CONTAINS THE AVERAGE WEIGHTS OF TOP AND / OR BOTTOM
EXTENSIONS WHICH WERE MOUNTED CON THE ROD WHEN WEIGHED
BEFGRE IRRADIATION BUT NOT WHEN WELGHED AFTER RAMP

*2) VALUE SUBTRACTED BY 2.8 GRAMS WHICH IS THE CALCULATED

WEIGHT OF A BROKEN END PEG WHICH WAS LEFT I[N THE BOTTOM
PLUG HOLE

STIR-51 TABLE-4
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<% TO00Z9 x>

(2
(32
(4
(53
(62

(79)

(802

JAERI-M 86-101

*kx  FUEL PERFDRMANCE DATA  ®xx DATE = 86-05 KxPAGE*® ([-118)
INTER RAMP FUEL RODS WEIGHT INCREASES (3)  -HS,BR- xx 700029 *x
RO K KA K KK KKK OK K 0K KR KK K KK K K K K R KK K K R KK R KK KK KOK KCKCE K OR KR
STUDVIK
INTER-RP
COMMON
DATA
ST () K (3) k- (AT (§Y k- () K- (F)%-- - (3] -
_______________________________________________________________ "
BIRP HO. 3 5 5 5
_______________________________________________________________ %
ROD NO. DR1 L33 LS4 Ts1
WELGHT BEFORE IRRADIATION (6) S24.2  531.6  531.6  536.2
AFTER RAMP (6) 524.0%2)531.6%2)532.4  536.6
INCREASE 6 0.2 0 0.8 0.4
FAILEDR , NONFALLED NF NF F F
_______________________________________________________________ %

REMARKS

REFERENCE

<% 700030 x> INTER RAMP FISSION GAS

(G P
{2y

33
4)
53

(6)
(7

(83
(9)
10}

(11)
12

(13)
(14)

(15)
(165

(T

[€:10)]

D -118

BIRP NO.
ROD NO.

MEASURED ROD VOL.
ROD vOL. (CM**3)
GAS CONTENT 10=%x-4 (MOLES)

MASS SPECTROMETRY KR/HE
XE/HE

MEASURED KR 10*%-5 (MOLES)
XE 10%%-5 (MOLES)
HE 10xx-4 (MOLES)

ROD PRESSURE AT O DEG-C (ATM)
FIMA VALUE 10%x%-2

PRODUCED KR 10x%-4 (MOLES)
XE 10xx-3 (MOLES)

RELEASED KR (%)
XE (%)

REMARKS

REFERENCE

*¥1) THE VALUE AFTER RAMP IS UNCERTAIN WITHIN THE GIVEN LIMITS
AS IT CONTAINS THE AVERAGE WEIGHTS (QF TOP AND / OR BOTTOM
EXTENSIONS WHICH WERE MOUNTED ON THE RGD WHEN WEIGHED
BEFORE JRRADIATION BUT NOT WHEN WEIGHED AFTER RAMP

*2) VALUE SUBTRACTED BY 2.8 GRAMS WHICH IS THE CALCULATED
WEIGHT OF A BROKEN END PEG WHICH WAS LEFT IN THE BOTTOM

PLUG HOLE
_______________________________________________________________ «
STIR-51 TABLE-4
REREASE DATA (1) % 700030 xx

KKK K KR KK KK K KK R K K 3K KK KKK KKK KK K KK RS K HOK K K R KR
STUDVIK
INTER-RP
COMHON
DATA

S (1) k(2 ke s (3) K- (L) K- (5) X - - () k- (F) k-~ - (B)-%

_______________________________________________________________ x
1 2 2 2 3 3
LR HR2 HR4 HRS Ls? TR1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
6.16 5.94 6.00 05 5.91 5.48
4,09 4,89 11.3  15.5 4,26 2.5
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
0.11 0,12 0.3 46 0,12 0.049
0.79  0.91 2.4 3.5 0.90  0.32
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
2.4 2.9 9.9 14.0 2.6 0.92
1.7 2.2 7.3 11,0 1.9 0.59
2.2 2.6 3.1 3.1 2.1 1.9
B e e i T i T *
1.5 1.8 4.2 5.7 1.8 1.0
1,02 1.70  2.03 1,98  1.09  1.05
_______________________________________________________________ x
5.18  8.63  10.3  10.1 5.54 5,41
3.54  5.90 7.05 6.8 3.78  3.70
______________________________________________________________ *
4.6 3.4 9.6  13.9 4.7 1.7
4.8 3.7 10.4  16.0 5.0 1.6
_______________________________________________________________ x
............................................................... *

STIR-51 TABLE-7
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JAERI-M 86-101

#x%  FUEL PERFORMANCE DATA  *xxx DATE = 86-05 **¥PAGEXxXx (D-119)

<% F00031 x> INTER RAMP FISSION GAS REREASE DATA (2) *% 700031 *x*

KKK R KK KR SR S IOK Kk ROK KK KK KK K KK KK K 0K 3K 3NOK 3K KK K KR K K KKK K OKOR
STUDVIK
INTER-RP
COMMON
DATA

T L) e oo (D) K- (B) K- oo (4) k- (5) K- - () -K---(TY-K---(8)-x

_______________________________________________________________ *
(1) BIRP NO, 4 4 4 5 S
(2 ROD NO. BR1 H51 H52 BR1 L83
_________________________________________________________________ *
(3) MEASURED ROD vOL.
(4) ROD VOL. (CHxx3) 6.88 5.96 6.07 6.22 5.82
{5) GAS CONTENT 10%%-4 (MOLES) 26.7 7.76 4,49 4,13 2.70
________________________________________________________________ "
(6) MASS SPECTROMETRY KRJ/HE 0.62 0.22 0.13 0.G88 0.045
(7> XE/HE 5.2 1.6 0.93 0.63 0.31
_______________________________________________________________ "
(8) MEASURED KR 10%%-5 (MOLES) 24,0 6.1 2.9 2.1 0.91
9) XE 10%%-5 (MOLES) 20.0 4.4 2.0 1.5 0.61
{10) . HE 10*x-4 (MOLES) 3.9 2.8 2.7 2.4 2.0
_______________________________________________________________ x
{11)> ROD PRESSURE AT 0 DEG-E (ATH) 8.7 2.9 1.7 1.5 1.0
(12 FIMA VALUE 1Q0%x-2 2.01 1.94 1.67 0.76 0.79
_______________________________________________________________ ®
(13> PRODUCED KR 10xx-4 (MOLES) 5.9 9.8 8.43 3.79 4,02
(14) XE 10%%-3 (MOLES) 6.76 6.69 5,75 2.59 2.75
_______________________________________________________________ ®
(15> RELEASED KR )] 24.2 6.2 3.4 5.5 2.3
(162 XE (Z) 29.6 6.6 3.3 5.8 2.2
_______________________________________________________________ %
(r9) REMARKS
________________________________________________________________ %
(80) REFERENCE STIR-51 TABLE-7
<% 700032 *> INTER RAMP CLAD TENSILE TESTING RESULT (1} -LS- xx 700032 =x

XK KK KKK K XCK K IR KR KK K K SR KK KK KK KR K IR S KKK K KK K K KOK 3K KR K K KOk
STUDVIK
INTER-RP
COMMON
DATA

T (1) R (2) k- (B) % -- (4) K- (5) %= (6) k- --(7)-%x---(B)-%

_______________________________________________________________ %
(1> ROD NO. Ls?2 Ls2 L52 Ls2 AVERAGE
_______________________________________________________________ "
(2> SPECIMEN 1 2 4
(3) SIGMA 0.2 (KP/MM*x%2) 52.4 54.1 55.1 54.86 54.1
(4)  SIGMA U.T.5S (KF/MH%x2) 55.9 57.9 55.9 5%.4 57.3
(5) EPSILON HOMOGENOUYS (8] 1.1 1.38 0.9 1.4 1.2
(6) EPSILON TOTAL [§3] 9.1 8.91 7.71 9.7 §.9
............................................................... x
(79) REMARKS
*1) SPECIMEN SLIPPED IN THE JAWS
_______________________________________________________________ *

(80) REFERENCE STIR-51 TABLE-9
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<x TOOD33 x> INTER RAMP [LAD TE

2)
(3)
(4)
(5)
(63

(792

(802

<x 700034 x>

1)

2
3>
(4)
{5)
[4:P]

73

(802

JAERI-M 86-101

*x%% FUEL PERFORMANCE DATA  *xx DATE = 86-05 **kPAGEx* (0-170)

NSTLE TESTING RESULT (22 -LS- #x 700033 %=

KKK KR O K KKK K KRR K K KR R KK K KO O KKK K KK RO KR R MO K
STUDVIK
INTER-RP
COMMON
DATA

e = (1) k= ()~ - - (3) K (4) X - (S) k- () - - (7Y k- -(B) - %

________________________________________________________________ *

ROD NO. L53 LS3 LS3 Ls3 AVERAGE
_______________________________________________________________ %

SPECIMEN 1 2 3 4

SIGMA 0.2 (KPIMH*x%2) 58.0 54,3 58.8 53.4 56.1

SIGMA U.T.S (KPFMM®x2) 58.9 58.3 59.4 57.6 58.6

EPSILON HOMOGENOUS (% G6.70 1.38 0.54 1.43 1.0

EPSILON TOTAL &9 7.37 9.20 11.2 9.14 9.2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *

REMARKSE

%13 SPECIMEN SLIPPED IN THE JAWS

_______________________________________________________________ ¥

REFERENCE STIR-51 TABLE-92

INTER RAMP CLAD TENSILE TESTING RESULT (3 -HR- k700034 xx

ROD NO.

SPECIMEN

SIGMA 0.2 (KP/MMx%2)
SIGMA U.T.3 (KP/MMxx2)
EPSILON HOMOGENOUS (%)
EPSILON TOTAL %

REMARKS

REFERENCE

D 120

0302k ok KR K AR K 0K K K 3K K KR K KK KKK K R SICKCK SRR R KK 2K R KR KKK KOO KO KO K K
STUDVIK
INTER-RP
COMMON
DATA

S (1) %= (2 k- - (3D k- (4 K- (5) R (f)-%- - - (T)-%---(8)-x%

_______________________________________________________________ "

HR4 He4 HR% HR&  AVERAGE
________________________________________________________________ *

1 2 3 4

55.4 55.4 53.6 57.8 54.3

56.8 56.6 57.0 54.1 56.1

0.50 0.53 0.73 0.55 0.58

3.98 5.75 3.74 5.12 4.5
_______________________________________________________________ "

%1) SPECIMEN SLIPPED IN THE JAWS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, «

STIR-51 TABLE-9
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JAERI-M 86-101

*xx FUEL PERFORMANCE DATA *xx BATE = B6-05 **PAGE** (D-121)

<% 700035 x> 1HTER RAMP CLAD TENSILE TESTING RESULT (4) -TR- x% 700035 xx

MK AE AR AR K IORX R IR R KRR R K IOK R OK KK R RO H R K KKK KK KKK KKK KK KRR K
STUOVIK
[NTER-RP
COMMON
DATA

e {1) K- (2R (F) K- {4 (5 ko () - (T k- (B) -

{1) ROD NO. TR1 TR1 TR1 TR AVERAGE
_______________________________________________________________ x

{2) SPECIMEN 1 2 3 4

{3) SI1GMA 0.2 (KPiMH3%2) 58.1 *1) 58.9 57.6 58.4

{4) SIGMA U.T.S (KPI/MH¥%2) 61.6 58.4 59.6 61.4 60.2

(5) EPSILON HOMOGENQUS %) 0.47 *1) 0.40 0.68 §.52

(6) EPSILON TOTAL 12 5.70 *1) 4.51 3.79 4.7

(79) REMARKS

(80) REFERENCE STIR-51 TABLE-9

<x 700036 *> POWER RAMP TEST PARAMETER (PETTEN FPWR (1) ) xx 700036 =xx

R0 KO MK K R 3K 3 A KO K KK K KK K K K3 KKK 3 B HOK K o KR KK KR R X K
STUDVIK
INTER-RP
COMMON
DATA

(1) -k - (k- () k{4 k- (5) k- - (B k- - () -k - - (B)-%

(1) ROQD ND. . sU-1 SU-1 Su-2 su-2 Su-3 Su-3 SU-4 SU-4

{2y BASE CONDITION
32 HAX . KWiM 1)
4 LATEST KWiH *2) 20.8 20.8 20.7 20.7 0.7 20.7 16.5 19.5

(5 LCONDITIONING
6) TERM. LEVEL KW/M
48] HOLD TIME HRS

<8) POWER RAMP COMDITIDK

{9) TERM. LEVEL KW/HK 30.3 53.7 31.2 55.7 32.4 57.4 29.3 54.8
(107 RATE Kiw/MeMIN G.227 0.027 0.133 0.037 G.198 1.335 0.190 0.9
(11} F { NF /HF *7) NF NF NF NF NF NF NF NF
{112 HOLD TIME MIiN
(13 TFPD HIN %3)

(14) DBELIA POWER

(15) PC KiN 4)
{163 PL KW iM %5) 9.5 32.% 10.5 35.0 11.7 36.7 5.8 ° 35.3
{1 PH KW/H %6)

(79> REHARKS
*1) MAX :L.H.R. DURING THE HIGH POWER PERIODD OF BASE IRRA..
*2) LATEST:L.H.R. DURLNG THE LAST POWER PERIOD OF BASE IRRA..
*3) TFPD :TIME TO FISSIOK PRODUCT DETECTION,
*5) PC :RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
*5) PL +RAMP TERMINAL LEVEL - LATEST

*6) PH :RAMP TERMINAL LEVEL - MAX.
*7) F +FAILURE
NF :NO FAILURE
HF tINCIPIENT NGN-THROUGHGOLNG CLADDING CRACKS FUONOD
AT PIE

(80) REFERENCE

-~ 139— D-121




<% FO0037 ®>

(1) ROD NO.
(2) BASE CONBITION
(33 MAX, KW/
(43 LATEST KW /M
{5) CONDITIONING
() TERM. LEVWEL KW/M
{7 HOLD TIME HRS
(8) POWER RAMP COMDITION
[§:3] TERM, LEVEL XW/M
(1o RATE KW/MEMIN
(11 F { NF /HF
(123 HOLD TIME MIN
(132 TFPS MIN
{14) DELTA POWER
{153 PC KW /M
(163 PL KW/iM
(17) PH KW/iM
(79) RAEMARKS
(80) REFERENCE

D —122

X 3

POWER RAMP TEST PARAMETER

*3)

x4)
£5)
£6)

JAERI-M 86-101

FUEL PERFORMANCE DATA  *xx

(PETTEN PWR (2) )

UATE = 86A-05

#*xPAGExx (D-122)

*x 700037 **

EEREKEEKKKAKERN AR EE R R KA R RE KK EEREAF A ERR AR RE KA KRR R KX KRR R KK

Se (1Y me - ()Xo - (3) -k

STUDVIK
INTER-RP
COMMON
DATA

(4)-%-

SRRSO RET

SOE) AT ke (8 -k

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, )
30.0 30.7 30.3 30.56 30.9 31.1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, )
31.2 56 .4 46.6 59.5 61.6 47.3 53.2 52.2
0.2072 9.8 3.8 9.9 9.7 10.5 3.3 11.5
NF F NF NF NF F F NF
2880.0 2880.0 2880.0 2880.0
3.0 4.0
_______________________________________________________________ .
16.6 28.8 31.3 16.7 22.6 21.1
9.2 34.4 33.1 47.1 40.3 25.4 31.5 3
_______________________________________________________________ .
x1) MAX :L.H.R., DURING THE HIGH POWER PERIOD OF BASE IRRA..
x2) LATEST:L.H.R., DURING THE LAST POWER PERIOD OF BASE JRRA..
x3) TFPD :TIME TO FISSION PRODUCT DETECTION.
x4) PC :RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
x5) PL 1RAMP TERMINAL LEVEL - LATEST
*6) PH :RAMP TERMINAL LEVEL MAX.
*7) F :FAILURE
NF N0 FAILURE
HF tINCIPIENT HON-THROUGHGOING CLADDING CRACKS FUOND
AT PIE
............................................................... ;
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<* 700038 *>

13

2)
(3)
(43

(52
67
(73

8)
93
(10
an
(12>
(132

(14)
157

163
(173

(79

830D

ROD NO.

BASE CONDITION

MAX . K /M
LATEST KW/iM
CONDITIONING

TERM. LEVEL KW/M
HOLD TIME HRS

POWER RAMP COMDITION
TERM. LEVEL KW/M

RATE KW/M*M]N
F / NF [HF

KOLD TIME MIN

TFPD MIN

DELTA POWER

PC KW/M
PL KWiM
PH KW/M
REMARKS
RETERENCE

* %K

®73

%3)

£4)

x5)
x6)

JAERI-M 86-101

FUTL PERFOAMANCE DATA  xxx DATE = 88-05 *REBGExx ([-123)

POWER RAMP TEST PARAMETER (PETTEN

PWR

(3 > ®x TO0038 wxx

3(****************K***X!**X*X*************M***KKX*X***********X**

STUBVIK
INTER-RP
COMMON
CaTA

e K (23 ko (3) ke (4D (5 R - (§) K-~ (T) k- oo ()%

x1)
*7)
*3)
*4)
%52

*5)
*7)

MAX

tL.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..

LATEST:L.H.R. DURING THE LAST POWER PERIOD GOF BASE IRRA..

TEPD
PC
PL

PH
F

NF
HF

:TIME TO FISSION PRODUCT DETECTION.
RAMP TERMINAL LEVEL - CONDLTIGNING TERMINAL LEVEL
+RAMP TERMINAL LEVEL - LATEST

sRAMP TERMINAL LEVEL - MAX,

:FAILURE

sNO FATLURE

tINCIPIENT NONW-THROUGHGOLNG CLADDING CRACKS FUDND
AT PIE
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JAERI-M B6-101

xxx FUEL PERFORMANCE DATA  xxx DATE = 86-05 *#PAGERx (D-124)

<% 700042 %> POWER RAMP TEST PARAMETER (GE RZ ®BWR* (1) ) . *x 700042 *x

KRR OK XK 6 K K K KKK KK K R OK K K KR KK 3K K K KK K KK K 30K 3K KKK KK KK KK K KK NOK
STUDVIK
INTER-RP
COMMON
DATA

S A A {2) ke ()Mo (4D k- (5)-R---(B) X (7)) -X-- - (B)-%

_______________________________________________________________ %
¢1)  ROD NO. SRP2/12 SRP2/15 SRP2/21 BRP2/22 SRPZ/24 SRP3/7 SRP2/35 SRP2/36
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *®
¢2) BASE CONDLTION
(3 MAX. KW M x1)
) LATEST KW /N *2)
________________________________________________________________ "
(5) CONDITIONING
(6 TERM. LEVEL KW/¥ 26.2 26.2 26.2 26.2 26.2 26.72 6.2 26.2
(0 HOLG TIME  HRS
________________________________________________________________ %
(8) POWER RAMP CGMDITION
D TERM. LEVEL KW/iM 53.2 50.5 53.2 52.1 52.1 59.1 44.5 44.9
(o RATE Kb i M*MIN 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0
an F ¢ NF /HF x7) F F F F F NF NF F
(123 HOLD TIME MIN 260.0  240.0
(132 TFPD MEN *3) 50.0 23.0 2.5 40.0 I 36.0
_______________________________________________________________ x
(14> DELTA POWER
15) pe KW /M x4) 27.0 24,3 27.0 25.9 25.9 32.9 18.3 18.7
€161 PL KWiM x5)
(47) PH KW iM *6)
_______________________________________________________________ ¥

(793 REMARKS
*13 MAX tL.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
*2) LATEST:L.H.R. DBURING THE LAST POWER PERIOD OF BASE IRRA..
*33 TFPD TIME TO FISSION PRODUCT DETECTION.
%4) PC sRAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL

*5) PL +RAMP TERMINAL LEVEL - LATEST
*63 PH tRAMP TERMINAL LEVEL - MAX.
*7) F tFAILURE
NF NG FAILURE
HF tINCIPIENT NON-THROUGHGOING CLADDING CRACKS FUDND
AT PIE

(80) REFERENCE

D -1 =142 —




<% 700043 *>

[ D]
33
(4

(5)
(6)
(72

8
(0
10>
(112
(122
(137

(14)
(135

(16)
(17

(r9)

(80}

ROD NO.

BASE CONDITION
MAX.
LATEST

CONDITIONLING
TERM., LEVEL
HOLD TIME

KW/M
KWiN

KW/H
HRS

POWER RAMP COMDITION

TERM. LEVEL
RATE

F | NF J/HF
HOLD TIME
TFPD

DELTA POWER
PC

PL
PH

REMARKS

REFERENCE

KW/iM
KW/MxMLN

MIN
MIN

KW /N
KW/iM
KW/M

KA K

*3)

*4)
x5)
x6)

FUEL

JAERI-M 86-101

PERFORMANCE DATA *xx DATE = 85-05

POWER RAMP TEST PARAMETER (GE R?2

*BWR»x (2} 3

x%Py

GE®x (D-125)

*x 700043 »x

HEREKKE KRR K KRR KKK KRR E R KRR R R N AR R KKK RN R IR R RN R KR KRN

STUDVIK
INTER-RP
COMMON
DATA

S Ly ke - (2) k(3 K- (4 K- (D) k- - (B)-%--—(T)-%---(8)-x

32.8
18.0
NF

*1)
*2)
*3)
*4)
*57

*6)
*x7)

_______________________________________________________________ .
SRP2/47 SRP2/48 SRP2/51 SRP2/53 SRP2/55 SRAP2/48 SRP3/49
_______________________________________________________________ )
______________________________________________________________ )
26.°2 26.2 26.2 26.2 26.2 26.72
_______________________________________________________________ .
39.8 52.2 39.4 45.2 45.9 52.5
18.0 18.0 14.0 18.0 18.0 18.0
F NF F F KF F
240.0 240.0
90.0 180.0 90.0 18.0
_________________________________________________________________ .
13.86 26.0 13.2 13.0 19.7 6.3
_______________________________________________________ .
MAX tL.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
LATEST:L.H.R. DURING THE LAST POWER PERIOD OF BASE IRRA..
TFPD :TIME TO FISSION PRODUCT GETECTION,
PC tRAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
PL tRAMP TERMINAL LEVEL - LATEST
PH (RAMP TERMINAL LEVEL - MAX,
F <FAILURE
NF iND FAILURE
HF :INCIPIENT NON-THROUGHGOING CLADDING CRACKS FUDND
AT PIE
________________________________________________________________ .
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<X 700044 %>

2)
(3)
4

(3
(6)
7)

(8
(9
(162
(117
(12
133

(14}
{153
(187
7

(73)

(802

D1

ROD NO.

BASE CONDITIGN
MAX. Kk /M
LATEST KW/iHM

CONDITIONING
TERM. LEVEL KW/M
HOLS  TIME HRS

POWER RAMP COMDITION
TERM. LEVEL KW/M

RATE KW /MEMIN
F J NF /HF

HOLD TIME MIN

TFFD MIK

OELTA POWER

PC KW/M
PL KWiM
PH ©KWIN
REMARKS
REFERENCE

L ¥ 4

*4)
*5)
*6)

JAERI-M 86-101

FUEL PERFORMANCE DATA  #xx

POWER RAMP TEST PARAMETER (INTER RAMP %BWRx (1) )

DATE = 86-05

*RPAGE®x ([-126)

xx 700044 *x

*****Xiﬁ**x***************XX**X********X*X’(M***********X***X*****

STUDVIK
INTER-RP
COMMON
DATA

T 1) e Q) K (E) ko (4) K- - (5) ke (f)-K---(T) k- -(B) ¥

*1)
®x2}
*3)
*4)
*5)

*6)
*7)

MA
LA
TF
PC
PL

PH
F

NF
HF

24,5 35.0
24 24.0
45.7 50.1

2 3.9

F F

46.0 11.0
21.2 15.1
?3.4 25.9
10.0 14.0

30.1 17 .6 21.3
35.7 A 24.0
25.7 7.0 12.1

Ls2Z TR1
39.8 38.8
29.% ?8.6
31.8 30.7
24.0 24.0
435.8 42.2

3.9 4.2

NF NF

1440.0 1440.0
12.0 5
14.2

4.7

X tL.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
TEST:L.H.R. DURING THE LAST POWER PERIDD OF BASE IRRA..

PD :TIME TO FISSION PRODUCT DETECTION.

TRAMP TERMI
RAMP TERMI

NAL LEVEL - CONDITIONING TERMINAL LEVEL

NAL LEVEL - LATEST

(RAMP TERMINAL LEVEL - MAX.

:FAILYRE
:NO FAILURE

tINCIPIENT NON-THROUGHGOLNG CLADDING CRACKS FUOND

AT PLE

— 144 -



JAERI-M B6-10i

*xx  FUEL PERFORMANCE DATA *xx DATE = 85-0G5 ®xPAGEX® (D-127)

<% 700045 %> POWER RAMP TEST PARAMETER (INTER RAMP *BWR* (2) ) *k 700045 wx

FK KRR R OK R R KR KK KK K IO ROR R KKK KR KKK K K K KKK KR K K
STUDVIK
INTER-RP
COMMON
DATA

Se D) E (D) A (3D ko () ko (5) K- (B) k- {7) k- (B) %

1y ROD KO. LS3 154 181 OR1 HR2 HR3 HR4 HRS5

(2) BASE CONDITION
(3) MAX . KW/ M ¥1) 35.5 39.0 38.3 3.1 35.2 36.4 44,3 40.8
(4 LATEST KWiM *2} 23.8 28.% 28.0 21.8 22.4 24.0 27.5 29.0

(5} CONDITIONING
(6) TERM. LEVEL KW/M 25.0 40.8 2.7 22.9 23.0 35.2 29.0 29.0
73 HOLD TIME HRS 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0

(8) POWER RAMP COMDITION

€ TERM, LEVEL KW/H 41.8  50.7  47.3  43.2 38,0  43.2  45.1  47.9
(1o RATE KWIMXNIN 3.9 4.2 4.2 4.5 4.5 3.9 4.2 4.2
an F 1 NF /HF 57) NF F F HE NF F NF HF
a2 HOLD TINE  MIN 1440.0 1450.0  1440,0 1440,0  1440.0
13 TFPD HIN x3) 72.0 296.0 260.0
_______________________________________________________________ x
(14> DELTA POWER
€15) PC KWIH *4) 16.8 9.9  17.6  20.3 15,0  18.0  17.1  18.9
(16 PL KWIH x5) 18.0  21.8  19.3  21.4  15.6  19.2  18.5  18.9
(7 PH KWIN *6) 3 11.7 9.0 1 2.8 6.8 1.8 7.1
_______________________________________________________________ x
(79)  REMARKS
*1) MAX  :L.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
*2) LATEST:L.H.R, DURING THE LAST PGWER PERIOD OF BASE IRRA..
¥3) TFPD :TIME T0O FISSION PRODUCT DETECTION,
®4) PC :RAMP TERWINAL LEVEL - CONDITLONING TERMINAL LEVEL
*5) PL :RAMP TERMINAL LEVEL - LATEST
*6) PH  :RANP TERMINAL LEVEL - MAX.
7} F tFALLURE
NF tND FAILURE
HE  :INCIPIERT NOK-THROUGHGOING CLADDING CRACKS FUOND
4T PIE

(80} REFERENCE

— 145 D -1z



<k 700046 x>

D
(3
(4)

(5)
(6)
7

(81
2
(107
(11
(12>
(13>

(14)
(15)
(167
7

(T

80>

D -128

ROD NO

BASE [
MAX .
LATE

CONDIT
TERM
HOL G

POWER
TERM
RATE
F
HOLD
TFPD

DELTA
PC

PL
PH

REMARK

REFERE

JAERI-M 86-101

*xx  FUEL PERFORMANCE DATA #xx DATE = 86-05 **kPAGEx* (D-128)

POWER RAMP TEST PARAMETER C(INTER RAMP *BWRx (3) *% 700046 xx

K KRR KK 0 0K B0 R o R R R R 3 K R K KK R TR R KR KR KKK KK KK K K K R K K XK
STUDVIK
INTER-RP
COMMDN
DATA

o) (2) K (3R - - (A k- - (5 %o (B k- - (T % (B - X

. Ks1 Hs?2 HS3 BR1
_______________________________________________________________ %
ONDLTLON
KW/M *1) 38.5 34.3 35.7 39.0
ST KWiM %2) 29.4 23.7 25.4 30.1
________________________________________________________________ *
LONING
. LEVEL KW/M 30.3 24.8 26.6 31.1
TIME  HRS 24.0 264.0 24.0 24.0
________________________________________________________________ x
RAMP COMDITION
. LEVEL KW/H 47.8 41.0 44.9 51.0
KWIMaMIN 3.9 3.9 4.2 3.9
NF /HF x7) F HEF F F
TIME MIN 1440.0
MIN *3) 4.2
_______________________________________________________________ X
POWER
KW /M x4) 17.5 5.2 18.3 15.9
KW /M x5) 18.4 17.3 19.5 20.9
KWiM *6) 9.2 6.7 9.2 12.0
_______________________________________________________________ *
5
#1) MAX  :L.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
*2) LATEST:L.H.R. DURING THE LAST POWER PERIOD OF BASE [R%A..
*3) TFPD :TIME TO FISSION PROBUCT DETECTION.
x4) BC tRAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
®53 PL tRAMP TERMINAL LEVEL - LATEST
*6) PH TRAMP TERMINAL LEVEL - MAX.
*7) F tFAILURE
NF N0 FATLURE
HF fINCIPLENT NON-THROUGHGDING CLADDING CRACKS FUOND
AT PIE
_______________________________________________________________ x
NCE
— 146 —



JAERI-M 86-101

*xx  FUEL PERFORMANCE DATA k% DATE = 86-05 *xPAGE=xx (D-129)

<% 700047 *> POWER RAMP TEST PARAMETER (DEMO RAMP *BWR= (1) ) *% 700047 xx

K6 K KKK R K KKK KR KKK KRR SRR K KKK K K R KK R K K ok K KRR KK K
S5TUDVIK
DEMG -RP
COMMON
DATA

1) ke e (2 k- (B - - (B) K- - (5) Moo - ()Y -k---(T)-%x---(8)-x

_______________________________________________________________ «
(13 ROD NO. $30H  S30H  $31H  S35H  §27H  S§36H  s29H  $38H
________________________________________________________________ *
(2)  BASE CONDITION
&3] MAX . KW /M 1) 26.1 26.1 27.1 28.2  29.8 6.2 27.3 25.8
(4 LATEST KW/M x2) 17.8 7.8 16.2  13.8  19.0  19.4 18.6 18.5
_______________________________________________________________ x
¢5) CONDITIONING
6) TERM. LEVEL KW/M 30.1 3.0 30,0  30.¢  30.0  30.0  30.0  30.0
33! HOLD TIME MRS 24 24 24 24 24 24 24 24
_______________________________________________________________ x
(8) POWER RAMP COMDITLON
(93 TERM. LEVEL KW/M 38.0  43.5 41,3 4B.0 48,5  45.0  42.0  41.8
(107 RATE KWIMRMIN 4.0 3.9 4,2 17.0 22,0 17.0  17.5 3.8
(an F 1 NF /HF *7) NF NF F HF HF HF NF HF
(12 HOLG TIME  MIN 1440 £0.0 0.5 0.16  0.25  0.18 4.5
(13 TFPD MIN *3) 66.0
_______________________________________________________________ %
¢14) DELTA POWER
(s PC KW M x4) 8.0 5.5 11.3  18.0  18.5 15.0 12,0 11.8
(16 FL KW /M x5) 20,2 25.7 25,1 28.2 29,5  25.6  23.4  23.3
o PH KW/M %6 11.9 17.4  14.2  19.8  18.9 18.8  14.7  16.0
_______________________________________________________________ ”

(79) REMARKS
x1) MAX tL.H.R., DURING THE HIGH POWER PERICD OF BASE IRRA..
*2) LATEST:L.H.R. DURING THE LAST POWER PERIQD OF BASE IRRA4..
*3) TFPB :TIME T0O FISSION PRODUCT DETECTION.

*4) PC :RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
¥5) PL :RAMP TERMINAL LEVEL - LATEST
*6) PH :RAMP TERMINAL LEVEL - MaX.
*73 F tFALTLURE
NF tNO FRILURE
HF tINCIPLENT NOMN-THROUGHGOING CLADDING CRACKS FUOND
AT PIE

(80> REFERENCE

147~ D —129




<k 700048 x>

(2
(3
{4)

57
()
(7

ROD NO.

BASE CONDITION

MAX. KWiM
LATEST KW/iM
CONDITIONING

TERM. LEVEL KW/M
HOLD TIME HRS

(8) POWER RAMP COMDITION

9
(10
1
[S¥'3]
13

(143
(15)
(18
om

(r93

(803

D -130

TERM, LEVEL KW/M

RATE KW/MxMIN
F # NF [HF

HOLD TIME HIN

TFPD HIN

DELTA POWER

BC RWIM
PL Kw/M
PH KW/M
REMARKS
REFERENCE

xkx  FYEL

*7)

JAERI-M 86-101

PERFORMANCE DATA  #xx DATE = 86-05 *xPAGEx® (3-130)

POWER RAMP TEST PARAMETER (DEMD RAMP

*BWR* (23 ) x¥% 700048 %x

W 3K KK KKK K 0T 0K SR K K R 3K KR HOK 3K K KOK OR300 K KK R R KK HOK KR HCK K K KK K KK K KO K

Se-g1-

13.0
26.1
16.4

*1)
*2)
*3)
x4
x5

*6 )
x7)

STUDVIK
DEMD -RP
COMMON
DATA

Bo s (YR (F) X oo (4) k- (S) K- (B) k- (T k- (B)-%

MAX
LATEST:
TFRD
PC
PL

PH
F

KF
HF

:L.H.R., DURING THE HIGH POWER PERIOD OF BASE IRRA..

L.H.R. DURING THE LAST POWER PERIOD DF BASE IRRA..

+TIME TO FISSICN PRODUCT DETECTION,
:RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
:RAMP TERMINAL LEVEL - LATEST

:RAMP TERMINAL LEVEL - MAX,

tFATLURE

tNO FAILURE

tINCIPIENT NOMN-THROUGHGOING CLADDING CRACKS FUOND

AT PIE

— 148 —




JAERI-M 86-101

*xx  FUEL PERFORMANCE DATA *¥x DATE = 86-05 **%PAGEX® (D-131)

<x 700042 %> POWER RAMP TEST PARAMETER (SUPER RAMP *PWRx (1) ) ®% 700049 #x

SRR K K K K KR K R R K KR KK K KOR KK R KK KK KR K R HOK KOR K SRS KOR RO
STUDVIK
SUPER-RYP
COMMON
DATA

e (1)K () ke (3) Koo (A) k- (5) -k (B k(7YX ()X

_______________________________________________________________ .
(1) ROD NO. PK4/1 PK&4l2 PK4/3  PK4/S  PK6/1  PK&/2  PK6/3  PKG/4
_______________________________________________________________ %
¢2) BASE CONBITION
(3 MAX . KW /M ®1) 25.1 26.2 27.1 24.7 27 .4 27.4 27.0 24.5
(a3 LATEST KW /M *2) 20.3 20.5 20.5 20.1 20.8 21.0 21.0 20.0
________________________________________________________________ "
¢5) CONDITIONING
6) TERM, LEVEL KWIN 25.0 25.0 25.5 25.0 25.0 25.5 25.0 25.5
8] HOLD TIME  HRS 24 24 24 24 24 74 24 24
_______________________________________________________________ x
(8) POWER RAMP COMDITION
9 TERM. LEVEL KWIH 39.0 44,5 50.5 43.0 45.0 40.0 43.0 44.0
(10) RATE KW/ MENIN 2.0 8.5 11.0 10.0 9.0 9.0 9.0 10.0
(1 F / NF /HF x7) NF NF NF NF F NF NF ¢
(12 HOLD TIME MIN 720.0 720.0 720.0  720.0 720.0  720.0
(13 TEPD MIN *3) 24.0 30.0
_______________________________________________________________ .
€14) DELTA POWER
(15 PC KW /M x4) 14.0 19.5 25.0 18.0 20.0 14.5 18.0 18.5
(16) L KWiM #53 18.7 26.0 30.0 22.9 24.7 19.0 22.0 24.0
“mn PH KW iH x5 13.9 18.3 23.4 18.3 17.5 12.6 16.0 19.5
_______________________________________________________________ x
(79)  REMARKS
%1) MAX  :L.H.R. DURING THE HiGH POWER PERIOD OF BASE IRRA..
x2) LATEST:L.H.R. DURING THE LAST POWER PERIOD OF BASE IRRA..
x3) TFPD :TIME TO FISS1ON PRODUCT GETECTICH.
®43 PC {RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
x5) PL :RAMP TERWINAL LEVEL - LATEST
*5) PH :RAMP TERMIKAL LEVEL - MAX.
*7) F :FAILURE
NF :NO FATLURE
HF :INCIPLENT NON-THROUGHGDING CLADDING CRACKS FUOND
AT PIE
_______________________________________________________________ x

(80) REFERENCE

—149— D -131



JAERI-M 86-101

**¥% FUEL PERFORMANCE DATA  xxx DATE = 86-05 *¥PAGE®® (D-132)

<% 700050 *> POWER RAMP TEST PARAMETER (SUPER RAMP *PWR#* (2) ) xx 700050 *x%

AR KR RO K KKK KK KR OR KO  KK KR KKRK K K OR OK K O R K R R R K
STUDVIK
SUPER-RP
COMMON
DATA

T ) e (2) K- (B) K- - (A) k- - (5) k- () k- (T)-%---(8)-%

_______________________________________________________________ %

(1) ROD NO. PK6/S  PW3I/1  PW3/2Z  PW3/3 PW3/4  PWS/1  PWSI2  PKS/3
_______________________________________________________________ N

(2) BASE CONBITION

(3) MAX. KW/M x1) 25.4 20.3 18.8 19.1 21.8 22.9 22.6 23.9

() LATEST KWIN *2) 211 17.7 16.7 17.0 19.4 19.6 19.2 20.5
_______________________________________________________________ *

(5) CONDITIONING

63 TERM. LEVEL KWJ/M 25.0 5.5 25.5 25.0 25.0 25.0 25.0 5.0

N HOLD TIME  HRS 24 24 24 24 24 24 24 24
_______________________________________________________________ *

(8) POWER RAMP COMDITION

<9 TERM, LEVEL KW/M 42.0  40.0  35.3 37,2 37,7 42.7  40.3  38.2

(1o RATE KW/M*MIN 10.90 10.0 10,0 10,0 9.5 9.0 9.0 9.0

(11 F 1 NF /HF A7) NF F NF NF F E F F

(123 HOLD TIME MIN 720.0 720.0  720.0

€133 TFPD HIN *3) 8.0 7.0 15.0 17.0 18.0
_______________________________________________________________ x

(14) DELTA POWER

(15) PC KWiM *4) 17.0 14.5 9.8 12.2 12.7 17.7 15.3 13.2

(16) PL KW/M *5) 20.9 22.3 18.6 20.2 18.3 23.1 21.1 17.7

(n PH KWiN *6) 16.6 19.7 16.5 18.1 15.9 19.8 17.7 14.3
_______________________________________________________________ *

(73)  REMARKS
*1) MAX tLoH.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
*2) LATEST:L.H.R. DURING THE LAST POWER PERIOD OF BASE IRRA..
*3) TFRD  :TIME TO FISSION PRODUCT DETECTION.

*4) PC tRAMP TERMINAL LEVEL - CONDLTIDNING TERMINAL LEVEL
*5) PL +RAMP TERMINAL LEVEL - LATEST
*6) PH tRAMP TERMINAL LEVEL - MAX.
*7) F tFAILURE
NF :NO FAILURE
HF ¢INCIPIENT NOM-THROUGHGOING CLADDING CRACKS FUOND
AT PILE
_______________________________________________________________ x

(80) REFERENCE

D-132 —150—




JAERI-M 86-10!

**%x  FUEL PERFORMANCE DATA kx% DATE = 86-03 *kPAGE®x (D-133)

<% 700051 *>  POWER RAMP TEST PARAMETER (SUPER RAMP xPWRx (3) ) #% FOO051 *x

R KRR KR KKK KKK K KKK KR R RSO K R KK KK R R K KOR S K H  K K OK KOR R K KR
STUDVIK
SUPER-RP
COMMON
DatTa

M e R et G P E EE S DR PN {: DT TR &b I TR G- g

_______________________________________________________________ X
¢1) ROD NO. PWS/4  PK1/1  PK1/2  PK1/3 PK1/4  PKI/S  PK2/1  PK2/2
_______________________________________ ey
€23 BASE CONDITION
(3 MAX . KWiM *1) 20.2 26.1 27.0 26.8 24.3 24.8 25,5 26.2
4) LATEST KW /M *2) 9.4 21.4 21.1 20.7 19.3 20.9 19.2 18.9
_______________________________________________________________ x
(5) CONDITIONING
(6 TERM. LEVEL KW/M 25.0 25.0 25.0 5.0 25.0 25.0 25.0 25.0
(7 HGLD TIME  HRS 24 24 24 24 24 24 74 24
_______________________________________________________________ %
(8) POWER RAMF COMDITION
(9 TERM. LEVEL KW/M 38.0 41.5 44.0 47.5 47.5 &7.0 41.0 46.0
(o RATE KW/ M&H N 3.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
(11 F I NF /HF x7) F NF NF NF NF NF NF NF
(12> HOLD TIME MIN 720.0  720.0  720.0 720.0 720.0 720.0 720.0
(133 TFFD MIN x3)
_______________________________________________________________ x
(14> DELTA POWER
(15) PC Kb/ M *4) 13.0 16.5 19.0 27.5 22.5 17.0 16.0 21.0
(16) PL Kb /M *5) 28.6 20.1 22.9 26.8 8.2 21.1 21.8 27.1
(1) PH : KW i M *6) 17.8 15.4 17.0 20.7 23.2 17.2 15.5 19.8

(73> REMARKS
*1) MAX :L.H.R, DURING THE HIGH POWER PERIQD OF BASE IRRA..
*2) LATEST:L.H.R. DURING THE LAST POWER PERIOD OF BASE IRRA..
*3) TFPD :7IHE TQ FISSION PRGDUCT GETECTION.

*4) PC :RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
*5) PL tRAMP TERMINAL LEVEL - LATEST
*5) PH tRAMF TERMINAL LEVEL - MAX.
x7) F tFAILURE
NF :NO FAILURE
HF tINCIPIENT NON-THROUGHGOING CLADDING CRACKS FUGND
AT PIT

(80> REFERENCE

— 151 — D -133




JAERI-M 86-101

#¥xx FUEL PERFORMANCE DATA  *xx DATE = 86-05 *kPAGExx (D1-134)

<¥ 700052 x> POWER RAMP TEST PARAMETER (SUPER RAMP xPWR» (4} ) *% 700052 ==

HAKE KRR R KAORE KR KK AR KKK KA K KKK KA ARE IR KRR KRR KKK KK KA KKK RN
STUDVIK
SUPER-RP
COMMON
DATA

Srm 1)k m (2 - - () ok - (4) k- -(5) koo - () -k---(T)-k---(8)-%

(1) ROD NO. PK2/3  PK2/4  PK2/S
_______________________________________________________________ x
{2)  BASE CONDITION
(3 MAX. KW /M *1) 25.9 25.4 24.56
Y LATEST KWiM *2) 18.5 17.3 18.8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "
¢5)  CONDITIONING
(6> TERM. LEVEL KW/M 25.0 25.0 25,0
() HOLD TLME  HRS 24 24 24
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(8) POWER RAMP COMDLTION
9 TERM. LEVEL KW/H 49.0 44.0 44.0
€10) RATE KWiMXMLN 10.0 10.0 10.0
(1) F / NF 7HF x7) NF NF NF
(1) HOLD TIME MIK 720.0 1.0 720.0
(13 TFPD MLN *3)
................................................................ -
(14> DELTA POWER
(15) PC KW IH *4) 24.0 19.0 19.0
€163 PL Kb/ H *5) 30.3 26.7 25.72
(7 PH KW/M *6) 23.1 20.5 19.4
________________________________________________________________ *
(79)  REMARKS
®1) MAX  :L.H.R. DUYRING THE HIGK POWER PERIOD OF BASE IRRA..
x2) LATEST:L.H.R. DURING THE LAST POWER PERICD OF BASE LRRA..
*3) TFPD :TIME TO FESSION PRODUCT DETECTION.
*4) PC TRAM? TERMINAL LEVEL - CONBITIONING TERMINAL LEVEL
*5) PL :RAMP TERMINAL LEVEL - LATEST
*6) PH :RAMP TERMINAL LEVEL - MAX.
x7) F (FAILURE
NF :NO FAILURE
HF :INCIPLENT NON-THROUGHGOING CLABDING CRACKS FUOND
AT PLE
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x

(80) REFERENCEL

D-134 - 152—




<k 70053 x>

2
37
(4}

[
(63
7

(83}
(']
107
(11)
[
(132

(145
(15)

(163
172

{79

80>

JAERI-M 86-101

xxx FUEL PERFORMANCE DATA #xx DATE = 86-05 *#PAGEX® (D-135)
POWER RAMP TEST PARAMETER (SUPER RAMP *BWR® (5) ) £x 700053 xx
KK K KOR XK KR OKOR E R R KR KKK IOR KRR K KRR XK KR KKK KKK KR ¥
STUBVIK
SUPER-RP
COMMON
BATA
Tl E (D) ke (3) K (4) K- (5) k- (6) K- (7)-%---(B)-%
_______________________________________________________________ x
ROD NO. BK7/1  BK?7/2  BKT/3  BKT/4  BKT/S  BKT/S  BKT/6  BKT/S
_______________________________________________________________ x
BASE CONDITION
MAX. KWIM *1) 29.6 27.3 26.1 27.1 2 28.2 26.2 2
LATEST KW /M x2) 15.8 14.7 13 11.8 16.2 16.2 15.0 15.0
_______________________________________________________________ %
CONDITIONING
TERM. LEVEL KW/M 25.5 25.0 25.0 25.0  25.0 25.0 25.0 25.0
HOLD TIME  HRS 24 24 24 24 24 24 24 24
_______________________________________________________________ "
POWER RAMP COMDLTION
TERM. LEVEL KW/H 37.5 36.0  32.5 30,0  32.0  37.3 32.5 40,5
RATE KW/M=NIN 10.0 10,0 10.0 10.0 10.0 10.0 10.0 10.0
F /I NF /HF x7) F F NF NF NF NF NF NF
HOLD TIME MIK T20.0  T20.0 1440.0 720.0 1440.0  720.0
TFPD HIN x3) 144.0  420.0
_______________________________________________________________ x
DELTA POWER
PC KW/ %6) 12.0 11.0 7.5 5.0 7.0 5.5 7.5 15.5
L KWiN x5) 21.¢  21.3 19.2 18.2 15.8 21.3 17.5 25.5
PH KWIN *6) 7.9 8.7 .4 2.9 - 3.8 9.3 6.3 14.3
_______________________________________________________________ *
REMARKS
*1> MAX  :L.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
x2) LATEST:L.H.R. DURING THE LAST POWER PERIOD OF BASE IRRA..
*3) TFPD :TIME TG FISSION PROBUCT DETECTION.
x4) PC tRAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
x5) PL :RAMP TERMINAL LEVEL - LATEST
#6) PH :RAMP TERMINAL LEVEL - MAX,
*7) F :FATLURE
NF +NO FAILURE
HF tINCIPLENT NON-THROUGHGOING CLADDING CRACKS FUOKD
AT PLE
_______________________________________________________________ X
REFERENCE

—153— D —-135




<% 75005

22
(33
43

5)
(6)
(7

(8)
(9
1o
11
(12)
13

{14)
(15)
(16)
17)

(TP

(80}

D13

4 %>

ROD WO,

BASE CONDITLION

MAX., KW /M

LATEST KWiM
CONDITIONING

TERM. LEVEL KW/M

HILD TIME HRS

PGWER RAMP COMDITIGH

TERM. LEVEL KW/

RATE

F / NF !tHF

HOLD TIME MIN

TFPD HIN
DELTA POWER

PC KW/H

PL . KWw/M

PH KW/

REMARKS

REFERENCE

KW/MeMIN

Xk

*1)
*2)

*x3)

x4)
*x5)
*6)

JAERI-M 86-101

FUEL PERFORMA

POWER RAMP TEST PARAMETER (SUPER RAMP *BWRx (&) »

KEXEXREXNK

SEEES P RTS

32.5
10.0
NF

*1) MA
*2) LA
*3) TF
*4) PC
%5) PL

*6) PH

*7) F
NF
HF

NCE DATA  ®xx CATE = 86-905 *¥PAGExx (D-138)

x*x% 700054 *xx

KK KR 2K KKK K2k K KR KR KSR K KRR K K K K K KK KK KK KR K O KKK
STUBVIK
SUPER-RP
COMMON
DATA

S {2y % (3) k- (4) K- (5} K- (B) K- (7)-¥--- (B)-x
______________________________________________________ x
BK7/7  BK7/B  BKBf1 BK9/1 BK9/2 BK9J3  BKD/4
______________________________________________________ .
25.8 26.6 15.7 7 7 17.7
13.7 12.0 11.9 7 2.0 8 0

1
_______________________________________________________ %
40.0 33.0 34.0 44.0 42.0 41.8 43.3
10.0 10.0 0.0044 0,0056 0.0033 0.0055 0.0035

F F F NF F F F
T20.0
160.0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
7.5 15.0 12.5 16.5 14.5 20.3 21.8
26.3 21.0 22.1 32.3 30,0 30.0 31.3
14.2 6.4 18.3 28.1 24.3 26.1 25.6
______________________________________________________ x
X cL.K.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
TEST:L.H.R. DURING THE LAST POWER PERIOD OF BASE IRRA,,
PD  :TIME TO FISSION PROBUCT DETECTION.
:RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
:RAMP TERMINAL LEVEL - LATEST
tRAMP TERMINAL LEVEL - MAX.
tFATLURE
:ND FAILURE
i INCIPIENT NON-THROUGHGOING CLADDING CRACKS FUOND
AT PILE

— 154 —
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®%¥  FUEL PERFORMANCE DATA  x%x DATE = 86-09 **¥PAGExX% (D-137)

<% 700055 *> POWER RAMP TEST PARAMETER (OVER RAMP xPWR+ (1) ) xx 700055 *x%

HH K O KKK K KR KK KKK O KK K KR K K R R R K R O K RO KKK KR K KK
STUDVIK
OYER -RP
COMMON
baTa

Tl k(D) K- (3) k- - (4) K- - (5) K-~ (B k- (7Y eke-- (8)-%

(1) ROD NO. Al0/1 Al10/2 A10/3 Al0/s £10/1 E10/2 E10/3 £10/4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e e Mooy

(2) BASE CONDITION

(33 MAX, k1) KW/iM *1) 26.1 26.9 26.0 23.3 25.1 25.9 25.1 22.8
(47 LATEST *2) KWiM *7) 24,7 24.1 23.9 23.3 23.7 23.2 23.1 22.8
___________________ e e e e e e e e e e e i ee %
(5} CONDITIONING
(62 TERM. LEVEL KW/M 30.0 30.0 30.5 30.0 30.0 30.0 30.0 30.0
73 HOLD TIME HRS 72.0 2.0 68.0 72.0 72.0 72.0 2.0 T2.0
_______________________________________________________________ %
(8) POWER RAMP COMDLITION
(9) TERM. LEVEL KW/M 45.0 44,5 53.0 52.5 44.5 47.5 52.5 52.5
“m RATE KW/MxMIN 10.?2 9.3 0.460 10.2 9.9 8.4 0.049 0.470
(113 F ! NF /HF *x7) *75 NF NF NF NF NF F NF NF
a2 HOLD TIME MIN 1440.0 1440.0 1900.0 1440.0 1440.0 1440.0 1440.0
(13> TFPD *3)  MIN *3) 46.0

(14} DELTA POWER

(157 Pe *4)  KW/M *4) 19.0 14.5 22.5 22.5 14.5 17.3 22.3 22.5

(167 PL %53  KWIM *5) 24.3 20.4 29.1 29.2 20.8 24,3 29.4 29.7

17> PH %63 KWIM ®6) 22.9 17.6 27.0 29.2 19,4 21,6 27.4 29.7
________________________________________________________________ *

(79) REMARKS
*1) MAX tL.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
%*2) LATEST:L.H.R. DURING THE LAST POWER PERIOD OF BASF I[RRA..
*3) TEPD :TIME TO FISSION PRODUCT DETECTION.

x4) PC tRAMP TERMINAL LEVEL - CONDITIGNING TERMINAL LEVEL
x5) PL RAMP TERMINAL LEVEL - LATEST
*B6) PH :RAMP TERMIKNAL LEVEL - MAX.
¥7) F cFAILURE
NF N0 FAILURE
HF tINCEPIENT NON-THROUGHGODING CLABDING CRACKS FUOND
AT PIE

(80> REFERENCE

~ 155 — D —137




JAERI-M 86-101

x%*% FUEL PERFORMANCE DATA  xxx DATE = 86-05 XePAGEX% (D-138)

<* 700056 *> POWER RAMP TEST PARAMETER (OVER RAMP %PWR% (2) ) ®*x 700056 xx

KRR R K KR KO8 K KK OKOR 3K KKK K K KR K KKK KCKOR 3K KR KK KO0 K KO R KK KK
STUDVIK
OVER -RP
COMMON
DATA

)X (2) k- (3 K- (A k- (5 k- (B % - (T) %o - (8)-%

_______________________________________________________________ x
(1Y ROD NO. A20/1  AZO/2 A20/3  A2074  F20/1  F2042  F2003  F20/4
_______________________________________________________________ «
(2> BASE CONDITION
3 MAX. KW 1M 13 2.4 27.5  27.G  24.4  27.0  27.6 27.8  25.5
(4 LATEST KW /M x2) 22,7 ?35.5  ®3.4  23.1 23.3  24.1 26,1 23.7
______________________________________________________________ X
(5) CONDITIONING
(6) TERM. LEVEL KW/N 30.0  30.0  30.0  30.0  30.0  30.0  30.0  29.5
7 HOLD TIME  HRS 72,0 72.0 7.0 72.0 72.0  Y2.0  T2.0  72.0
______________________________________________________________ x
(8 POWER RAMP COMGLTION
(5 TERM. LEVEL KW/M 45.0 51,5 48.8  4B.7  50.8  46.6  43.2  39.4
(103 RATE KWiNSMIN 10.2  10.8  10.2  10.2 9.6 9.6 9.6 5.5
(11) F 7/ NF iHF *73 NF F NF NF F F F HF
(12 HOLD TIME  MIN 1440.9 1440.0  1440.0 1440.0
(13) TFPD HIN 3 128.0 2.0 2.0 2.0
_______________________________________________________________ X
(14) DELTA POWER
(15) PC KW/M ®4) 16.0  21.5 18.8  18.7  20.8  16.6 13.2 9.9
(16) PL KW/H %5) 21.3  28.0 ¥5.4  25.6  27.5 22.5 19,1 15.7
(17) PH KW/ *6) 17.6 24.0  21.8  24.3 23,8  19.0  15.4 13.9
_______________________________________________________________ .
(79>  REMARKS
*1) MAX  :L.H.R. DURING THE HIGH POWER PERIOD CF BASE IRRA..
x2) LATEST:L.K.R. DURLNG THE LAST POWER PERIOD OF BASE IRRA..
*3> TFPD :TIME TO FISSION PRODUCT GETECTION.
x4) Pg tRAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
®5) PL tRAMP TERMINAL LEVEL - LATEST
X6) PH :RAMP TERMINAL LEVEL - MAX.
x7) F :FALLURE
NF :NO FAILURE
HF :ENCIPIENT NON-THROUGHGDING CLADGING CRACKS FUOND
AT PIE
_______________________________________________________________ "

(80) REFERENCE

D138 — 156 —
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¥xx FUEL PERFORMANCE DATA  %%% DATE = 86-05 *kPAGE®R® (D-139)

<¥ 700057 %> POWER RAMP TEST PARAMETER (OVER RAMP ®%PWRx {3) ) *% 700057 *x

KKK KRR R KKK KK IR KRR KKK AN RN KRR KK IOKK K KRR KK KL E R KK KR KX
STUDYIK
OVER -RP
COMMGON
DATA

S e (1R (2) ko - (F) Koo (6) o= (5) K- (6) K- (T) K- - (B-%

_______________________________________________________________ -
(1) ROD NO. 62071  G20/2  G20/3  G20/4  F30/S  F30/1  F30/?  F30/4
_______________________________________________________________ x
(2) BASE CONDITION
3y Max. KW /M *1) 25.3  26.2  27.6  25.5  23.3  24.1  23.7  21.1
(4>  LATEST KW /N x2) 24.7  21.6  22.0  21.5  18.6  18.4  18.3  16.2
_______________________________________________________________ *
(53 CONDITIGNING
(6>  TERM. LEVEL KW/H 30,0 30.0  29.0  30.0  29.5  30.0  30.0  30.0
(73 HOLD TIME  HRS 72.0  80.0  72.0  72.0  72.0 72,0  73.0  72.0
_______________________________________________________________ x
(8 POWER RAMP COMDITION
€93 TERM. LEVEL KWiN 52.0 44,5 48.2 43,5 48,5  37.8  41.1 4.5
(103 RATE KW /MEMIN 5.5 8.5 9.5 8.5 9.0 8.5  11.5 9.0
(n F / NF /HF *7) NF NF F NF F NF NF NF
(123 HOLD TIME  MIN 10.5 10.5 1440.0  683.0 1174.0
(133 TFPD MIN *3) 5.0 3.5
_______________________________________________________________ X
(14)  DELTA POWER
(153 PC KW i x4) 12,0 14.5  19.2  13.5  19.0 7.8 1.1 14.5
(163 PL KW/ *5) 17.3  22.9 2.2  22.0  29.9 19.4 24.8  28.3
172 PH KW/ *6) 16.7 18.3 20.6 18.0 25.72 13.7 17.4 23.4
............................................................... .
(79)  REMARKS
¥1) MAX  :L.M.R. DURING THE HIGH POWER PERLOD OF BASE IRRA..
x2) LATEST:L.H.R. DURING THE LAST POWER PERIOD OF BASE IRRA..
*3) TFPD :TIME TO FISSION PRODYUCT DETECTION.
x4) PC  :RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
®5) PL :RAMP TERMINAL LEVEL - LATEST
x6) PH  :RAMP TERMINAL LEVEL - MAX.
x7) F {FAILURF
NF :NO FAILURE
HF :INCIPIENT NON-THROUGHGOING CLADDING CRACKS FUOKD
AT PLE
_______________________________________________________________ N

(80) REFERENCE

—157— D —139




JAERI-M 86-101

xxx FUFElL PERFORMANCE DATA  x#x DATE = 86-05 ¥¥PAGER® (D-140)

<% 70058 %> POWER RAMP TEST PARAMETER (OVER RAMP xPWHx (4) 3 *x 700058 x=

3K KK K KKK K KK K K K K K OR 3KOK KK K KK KKK 30K 0K SOK KKK KO NOK K K XK KK KK KK K KR K
STUDVIK
OVER -RP
COMMON
DATA

S (1)K (2) K- (3) ko (4D ke (5) k- - () -k--- (T)-X---(B)-X

_______________________________________________________________ x
(1) RODB ND. w571 W5172 WaI3 Ws/4 W5/5 W5l6 widli Wa/l2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(2) BASE CONDITION
30 MAX, KWiM 1) 19.5 19.5 19.5 16.9 21.7 21.7 21.2 21.2
4) LATEST KW/iM ®72) 13.4 13.6 13.6 1.5 14.8 14.8 14,8 14.8
________________________________________________________________ %
(3) CONDITIONING
(8) TERM. LEVEL KW/N 30.3 30.5 30.0 30.0 30.0 30.0 30.0 30.0
7 HOLD  TIME HR3 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72,0
_________________________________________________________________ %
(8) POWER RAMP COMDITION
(9) TERM. LEVEL KW/H 44.5 37.0 39.0 43.0 41.5 42.5 43.5 39.5
(100 RATE KW!MxHMIN 10.0 10.5 10.5 1.5 10.0 11.0 10.0 10.5
(11) F ! NF /HF %7} F NF NF NF NF F F NF
(12) HOLD TIME MIN 1440.0  1440.0 1440.0 1440.0 1440.0
13> TFPD MIH *3) 11.0 15.0 3.5
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
(143 DELTA POWER
(133 PC KW/iM *4) 14.0 6.7 9.0 13.0 11.5 12.5 13.5 9.5
(16) PL KWIiM *5) 30.9 23.4 25.4 31.5 26.7 27.7 28.9 24.9
172 PH KW /M *6) 25.0 19.5 26.1 19.8 20.8 22.3 18.3
________________________________________________________________ %

(79) REMARKS
®1) MAX :L.H.R, DURING THE HIGH POWER PERIOD OF BASE IRRA,.
%23 LATEST:L.H.R. DURING THKE LAST POWER PERIOD OF BASE IRRA,.
x3) TFPD :TIME TO FISSION PROGUCT DETELTION.

*®43 P iRAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
*5) PL tRAMP TERMINAL LEVEL - LATEST
*6) PH tRAMP TERHINAL LEVEL - MWAX.
*7) F :FAILURE
NF tNO FAILURE
HF cINCIPIENT NON-THROUGHGOING CLADDING CRACKS FUOND
AT PIE

(80) RECFERENCE

D —140 —168—




JAERI-M 86-101

xxx FUEL PERFORMANCE DATA *xx¥ DATE = 86-05 *XPAGE®Rx (D-141}

<k 700059 x>  POWKER RAMP TEST PARAMETER (OVER RAMP #PWR* (5) ) *% 700059 *x%

HMEKKEKKEE KRN KEE AR EE KK F R AR KR RKER R FREAN KKK R R KA AKX R KRR KRR KA
STUBVIK
OvVER -RP
COMMON
DATA

Se (1) - - (2 -k (3 k- (A) ke - (5) k- (B R (T k- (B -k

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(1> ROD NO. Wer4  WAIS  Wale  WB/1  WB/Z  W8I3
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(2> BASE CONDITION
(33 HAX. KW/M 1) 15.7 15.7 15.7 18.8  18.8  18.8
4) LATEST KW/ *2) 11.5 11.5 1.5 12.8 12.8  12.8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(5) EONDITIONING
(6) TERM. LEVEL KW/M 23.0 23.0 23.0 30,0  30.0  30.0
(N HOLD TIME KRS 72.0  87.0 Pz.00 72000 7.0 T2.0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
(8) POWER RAMP COMDLTLON
(9 TERM. LEVEL KW/ 41.2  37.5  39.5 42,0 42.5  40.0
(10) RATE KW/ HxMLN $.0 10.90 9.5 10.0 0.6109 11.0
(11) F / NF /HF x7) F NF NF F F NF
(123 HOLD TIME  MIN 1540.0  910.0 1440.0
(13> TEPD MIN *3) 57.0 6.5 16.0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %
(143  DELTA POWER
(15 PC KW /M %) 18.2 14.5 16.5 12,0 12.5 10.0
(162 pL KW/ *5) 29.7 26.0 28.0 29.2 29,7 27.2
(7 PH KWiM x6) 5.5 21.8  23.8 23,2 23,7 21.2
_______________________________________________________________ x
(79)  REMARKS
*1) MAX  :L.H.R. DURING THE HIGH POWER PERIOD OF BASE IRRA..
*2) LATEST:L.H.R. DURING THE. LAST POWER PERLOD OF BASE LRRA..
*3) TFPD :TIME TO FISSION PRIDUCT DETECTICH.
*4) PC :RAMP TERMINAL LEVEL - CONDITIONING TERMINAL LEVEL
*5) PL :RAMP TERMIMAL LEVEL - LATEST
*6) PH :RAMP TERMLNAL LEVEL - NAX,
*7) F (FATLUAE
NF :ND FAILLURE
HF :INCIPLENT NON-THROUGHGOING CLADDLING CRACKS FUOND
AT PIE
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *

(80 REFERENCE
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JAERI-M 86-10¢

®xx  FUEL PERFORMANCE DATA  %xx DATE = 86-05 *xPAGE** (D-142)
FISSION GAS RELEASE AND VOID VOLUME DATA FOR CONNECTICUT YANMKEE X% TDO208 *¥
Ce (Y r - (Z) ko (3) k- (4 X (5) k- (B) XKoo (T) koo (B) -
FUEL BATCH NO. 8 8 8 ?
FUEL ROD WO, 062E12 157ED1  217E02  595A10
——————— T . R i I il
ROD AVG. BURN-UP (MWDiMTUY 36740, 36740, 36740. 38400.
FUEL RGD VOID YOLUME (CCY 20.86  18.66  20.3 20,62
TOTAL VOL. OF GAS
COLLECTED FROM ROD. (STP CC)  38.49  36.83  45.28 154.74
——————— e R T R S E ik
GAS COMPOSITION (VOLUME %>
K2 €0.01 < 0.01 < 0.01 < 0,01
HE 54.0 50.9 46.5 29.3
H20 (WATER) € 0.1 <0.t <0.1 <0.1
N2 < 0.01 < 0,01 <0.01 < 0.01
0? < 0.01 < 0,001 € 0,01 < 0.01
A 1.2 g.74  10.3 1.43
KR 3,47 3.90 444 7.79
XE 31.3 34.9 50.3 61.4
——————— B L R T TR e IR k. Il 4
VOL. OF (XE+KR) RELEASED (S7# CC) 13.33  13.99  20.25 107.1
YOL. OF (XE+KR} GENERATED®*(STP CC) 2336.  2336.  2336.  2440.

PERCENT FISSLON GAS RELEASED %) 0.57 0.60 0.87 4.41
_______________________________________________________________ *
NOTES x : BASED ON 0.3 ATOM OF (XE+KR) GENERATED PER FISSIGN AND
4000 MWD/MTU = 10x%20 FISSION/CC,
_______________________________________________________________ ®
REMARKS THE CONMETLICUT YANKEE REACTOR IS ONE OF THE FEW PWRS USING
STAINLESS-STEEL CLAD FUEL RODS. FUEL ROD FAILURES APPEARED
UNLQUE TO BATCH 8 FUEL ASSEMBLIES.
_______________________________________________________________ "
REFERENCES (AY : IWGFPT/12, P.196-210. SEE FDN-120004.
€8) : V. PASUPATHI, R.W. KLINGENSMITH, ‘INVESTIGATIDN OF STAIN-
LESS STEEL CLAD FUEL ROD FALLURES AND FUEL PERFORMANCE IN THE
CONNECTICUT YANKEE REACTOR/, EPRI NP-211%, (P.3-23), (NDY. 1981
_______________________________________________________________ *
FISSIGN GAS AMALYSIS SUMMARY xx 700209 x%
(1) {9) K- (3) k- (&) -k (5)-k---(B)-%k---(F)-%---(8)-x
ROD NO. 6-A 6-B 6-C 6-F 8-B §-C 8-0 8-E
——————— R R T TR TR it el 3
RELEASE VOLUME (STP), (£Cy  16.4 20.4 23.1 17.8 31,2 94,0%x  29.8 32.9
INTERNAL V0OID vOLUME, (ccy 12.3 12.3 13.0 14.8 12.5 13.3 13.0 16.8
HELIUM, ¢(CCY N.A. N.A. N.A. 14 .6 16. 7 14,5 14.3 16.5
KRYPTON, ce) 0.55 1.25 1.42 0.60 2.52 1.59 2.29 2.42
XENODN, o 3.88 8.42  10.18 4.25 18.52  10.44  14.87 16.25
XENON/KRYPTON 6.98 6.72 71T 7.14 7.36 6.54 6.5 6.71
KR-85, CATOMS*1,GE-18) 1.05 3.00 2.99 1.12 3.97 2.51 3.70 5.60
------- i S B R I s R I e
NOTES N.A. 1 NO ANALYSIS PERFORMED.
* : AIR LEAK DUYRING PUNCTURLNG.
%% : AIR LEAX DURING ALIQUDTING.
*xx : VALUE NOT USED IN ANALYSIS (- 200 PERCENT RELEASE)
............................................................... x
REMARKS 1) SEE THE REMARKS OF FDN-900004.
2) SEE FON-700211 70 700212 FOR BURNUP.
_______________________________________________________________ .
REFERENCES R.C. NELSON, D.H. COPLIN, M.F. LYONS, B. WEIDENBAUM,
SEISSION GAS RELEASE FROM UD-2 FUEL RODS WITH GROSS CENTRAL
MELTING', GEAP-4572 (JULY 1964)., P.-16.
_______________________________________________________________ "
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ROD NO.

FUEL BURNUP
INTERNAL V01D VOLUME,
HELIUM,
KRYPTON,
CENDN,
XENON/KRYPTON
KR-85,

NOTES

REFERENCES

TEST ASSEMBLY AND ROD NO.

FUEL BURKUP

CHEMISTRY AVERAGE

FUEL BURNUP SAMMARY.

FUEL PERFORMANCE DATA  x*x

FISSION GAS ANALYSIS SUMMARY (CON'T)

o
o)
[N}
£y

(ATOMS*1.0E-18)

MED/TECUD
(F/CCo*x1,0E-1

PHYSICS (CALCULATED)

MWD/ TECUY

(F/CCHY®1,0E-19

CALORIMETRY

MWD/ TECU)

(F/CCY*1,0E-19

NOTES

REMARKS

REFERENCES

TEST ASSEMBLY AND ROD NO.

FUEL BURNUP

CHEMISTRY AVERAGE

FUEL BURNUP SUMMARY (CON’T)

MWD/TECU)
(F/CCy*1,0E-19

PHYSICS (CALCULATEDY

MWD/TECU)
(F/ICCO*1,0E-19
CALORIMETRY
HWDJ/TECU)
(F/CCr=1,0E-19
NOTES
REFERENCES

JAERI-M 86-101

DATE = 86-03 *¥PAGEX® (D-143)
®* 700210 *x

ST ) H (D) e (3) R (A) K- - (F) ke - (E) Koo - (7) % (8)-%

10-4 10-8 10-¢ 10-E 12-4 12-E
——————— L e e e e T SR
36.8 34.9 39.0 45,72 138.9 58.0
22.3 20.3 20.3 24.3 33.4 31.3
¥ 20.3 N,A ?24.9 23.4 37.3
2. 16 2.25 2.86 3.50 12.0 4.03
14.1 15.2 19.60 24.45 86.10 26.15
6.53 6.75 6.87 7.00 7.18 5.50
4,75 5.09 5.10 .16 24.3 28.0%%x
——————— L e R e i e . LIS S

®% 700211 xx

ST A (2) k- (Y- (4) k- =(S) K- (B) K- (Thok--- (B)-%

EPT-6  EPT-pA EPT-6D EPT-& EPT-84 EPT-10 EPT-100
——————— LR i e T L et I AT - SEESIP )
1195 1075 1334 1555 1660 1390 1460

2.88 2.59  3.71 3.75 4.00 3.35 3.52
1180 - - 1442 - 1182 -

2.85 - - 3.48 - 2.85 -
1243 1162 1354 1532 1630 1459 1524

3.01 2.80 3.26 3.69 2.93 3.5 3.67
------- el L e R Ll TR ey TR
1) = : IRRADIATED TwD REACTOR CYCLES.
2) CMWD/TE(U))*(2.41E+16)=FISSIONS PER CUBIC CENTIMETER GF UD-2,

(FiCCY.

_______________________________________________________________ *
_______________________________________________________________ *
SEE FDN-700209. P_17
_______________________________________________________________ x

Xk 700212 *xx

S 1) Ee () k- (3) k- (4D oW (5 ke (E) k- (TDo%--- ()%

EPT-COM EPT-12E EPT-12% EPT-120D

——————— L R i i e B T . Lt R T
1816 2122 4884 4650
45.38 5,11 11.77  11.21
1564 - 5384 -
3.77 - 12.89 -
1725 2014 %5225 5050
4.16 4,85 12.59 12.17
------- L e R R e AT I

SEE THE NOTES OF FDN-700211.
¥ : IRRADIATED TwO REACTOR CYCLES.
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3o
40
41)
45)
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HER

SPECIMENS
ITRRADIATION (21 MEV), (N./CH=%x2)
TEMPERATURE (DEG-F>

YIELD STRENGTH

(0.2% OFFSETY, (KS13
ULITIMATE TENSILE STRENGTH, (KSI1j
UNIFORM ELONGATION, %)
TOTAL ELONGATION, (%)
SPECIMENS
IRRADIATION (>1 MEV), (N./CMx%2)
TEMPERATURE (DEG-F)
YIELD STRENGTH

(0.2% OFFSET), (XSD)
ULITIMATE TENSILE STRENGTH, {Xsh)
UNIFORM ELONGATION, %)
TOTAL ELONGATION, %)
NOTES
REFERENCES

TENSILE TESTS ON

IRRADIATION (>1 MEV), (N./CMxxZ)
TEMPERATURE (DEG-F3
YIELD STRENGTH

(0.2% OFFSETY, (K51)
ULTTIMATE TENSTLE STRENGTH, (K&I)
UNIFORM ELONGATIDN, (&9}
TOTAL ELONGATION, (&)
NOTES
REFERENCES

D-144

FUEL PERFCRMANCE DATA

JAERI-M 86-101

KXx

D

TENSILE TESTS ON JIRCALOY CLADDING OF DRESDEN TYPE I FUEL.

ATE = 86-03 **kPAGEXx (D-1442

*% 700213 =x

DRESDEN TYPE I FUEL CLATDDING WAS TESTED IN THE FORM OF FULL TUBE
SEGMENTS IN WHICH THE FUEL HAD BEEN REMOVED AKD IN THE FORM 0OF

MINIATURE TENSILE COUPONS MACHINED FROM TUBE SEGMENTS.
IN ALL CASES WAS IN THE LONGITUDINAL TUBE DIRECTION.

TESTING
THE FUEL

RODS FROM WHICH THE CLADDEING SAMPLES WERE REMOVED HAD EXPOSURES

RANGING FROM 13800 TO 15800 MWD/METRIC-TON,
RODS .

WERE FROM NONFAILLED FUEL

ALL CLADDING SAMPLES

Se (1) koo (2) -k - (B) k- --(4) -K- o (5) K- = (B) K- (7)Mo - (B)-%
FULL TUBE SPECIMENS
1.8 T0 2.7E+21
RT RT 650 650 650 750
99.1 87.8 60.3 56.9 50.9 48.8
112.1  109.9 74.8 74.5 71.9 68.7
4.8 4.0 2.0 2.9 2.3 2.6
6.8 5.4 3.2 4.6 7.8 3.8
——————— LR it R R . RIS TS
COUPON SPECIMENTS
1.7 TO 2,2E+21
650% B50%% 800 800
68.9 6.12 58.6 59.6
TO 76.4%%
71.7x  BB.6 61.0 61.9
TO 80.4xx
1.6%x 1.2 0.9 0.9
TO 1.9 xx
3.98% 2.7 4.6 4.3
TO 7.6 xx
* : AVERAGE OF 10 TESTS.
®% : RANGE.
_______________________________________________________________ x
H.E. WILLLAMSON, D.C. DLTHORE, ‘CURRENT BWR FUEL DESIGN AND
EXPERIENCE’, REACT. TECH. 14(1) (SPRING 1571), PP.6R-98, (P.79)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
ORIGINAL REPORT: H.E. WILLIAMSON, D.C. DITMORE, ‘CURRENT STATE

OF KNOWLEDGE,
REPGRT NEDD-10173,

ZIRCALOY-CLAD FUEL FROM AEC FUEL CYCLE PROGRAM

HIGH-PERFORMANCE BWR ZIRCALOY-CLAD UD-2 FUELS,
GENERAL ELECTRIC C€O,,

(MAY 19707,

xx 700214 %%

THESE RODS HAD BEEN IRRADIATED IN THE VALLECITOS BOILING WATER
REACTOR (VBWR) TC A CALCULATED AVERAGE EXPUSURE AS HIGH AS 10000

MWD/METRIC-TON.

TENSILE SPECIMENS HAVING INTEGRATED FAST FLUXES

RANGING FROM ABOUT 0.56 TO 1.4E+21 NUETRONS/CM*%2 WERE MACHINED

FROM FUEL-CLADDING SEGMENTS.

SPECIMENS WERE ALL ORIENTED SUCH

THAT TESTING WAS IN LONGITUDINAL TUBE DIRECTION.

ARG PRS EERSECIES SRS EGIEL EERNEIEE EEERGPEL EEERCIES ERRICOREE RN I

0.56 T0 1.4E+21

--------------- R e R i e i i 1

RT= RT*xx 650% 650%%

80.6% 2 58.7-104x%x S56.7% S1.4-66.0%x
Th.ax 7 86.2-107.4%x 57.7% 52.0-66.5%%
0.98% 0.38-2.8 xx 0.26x 0.13-0.80%x
3.17% 1.4 -5.3 *x 1.67% 1.0 -2.3 xx

——————————————— R i I e I IR 4

* AVERAGE OF 21 TESTS.

K RANGE.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
SEE FDN-7DOQ213.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
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JAERI-M 86-101

**x% FUFL PERFORMANCE DATA  xu#x DATE = 86-05 *x[AGEx® (D-145)

TEMPERATURE (DEG-F)
IRRADIATION (>1 MEV), (N./CHM*%2)
PLASTIC CIRCUMFERENTIAL ELON., (%)
HOOP STRESS, (PSD)

REFERENCES

BURST TESTS 0ON CLADDINS OF ONP TYPE IIIF FUEL xx 700215 *x

ELEVATED-TEMPERATURE BURST TESTS WERE PERFORMED ON CLADDING-TUBE
SEGMENTS FROM IRRADIATED ONP (DRESDEN NUCLEAR PLANT) TYPE I[IIF
RELOAD FUEL. TUBE SEGMENTS WERE CUT FORM IRRADIATED FUEL RODS,
AND THE UD-2 FLEL WAS REMOVED. THE ENDS OF EACH TUBF SEGMENT
WERE WELDED CLOSED WITH END PLUGS, ONE OF WHICH HAD A SPECIAL
FITTING FOR PRESSURIZATION OF THE TUBE,

() ke (D) e - (3 k- (A) k- ()% (B) % - (T)-%---(8)-x

650 650 500

0.8E+21 0.8E+21 1.0E+21

6.22 7.35 13.56

92700 94900 69300

——————————————— R e ity A
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D —146

JAERI-M 86-101

*xx  FHEL PERFORMANCE DATA  %xx DATE = B6-05 *xPAGE®xx (D-1486)

TOTAL nO. OF FUEL RODS

DESIGN FEATURE

CLAD

OUTER DIAMETER, {IMD

THICKHNESS, CIND
ROMINAL UO-2-CLAD GAP, (IN)
CLAD YIELD STREKGTH,

(0.2% OFFSET), (PSI)

FABRICATION PROCESS

PERFORMANCE
AVERAGE BUNDLE EXPOSURE, (MWD/TU)
PEAK FUEL-ROD EXPOSURE, (MWD/TU)
PEAK HEAT FLUX, (BTUfHR/FTxx2)
MAX. AVE. POWER DENSITY, (KW/L)

CLADDING CRACKS (TYPE)

MOTES

REMARKS

DESIGN AND PLRFORMANCE OF 304 STAINLESS STEEL CLAD FUELS IN VOWR *x 7100216 =x

FRON THAT POLNT UNTIL TIHE PERMANENT SHUTDOWN OF THE VBWR IN
DECEMBER 1963, FAILURES OCCURRED IN VIRTUALLY EVERY 304-SS-CLAD
FUEL TYPE TRRADIATED IN THE VBWR.

SINCE FAILURES STARTED TOQ OCCUR IN THE YBWR A CONSISTENT
PATTERN HAS BECOME APPARENT. THE FALILURES, WHICH CAN BE CORRECT-
ED WITH TUBING VENOOR OR MINOR VARIATIGNS IN THE CHEMICAL COM-
POSITION OF VARIOUS HEATS OF THE TYPE 304 STAINLESS STEELS, ARE
CHARARCTERIZED AS FOLLOWS.

* THE CLADDING FAILURES ARE IN THE FORM OF CRACKS WHICH YARY 1N
SIZE FROM MICROSCOPIC PENETRATIONS TO LARGE CRACKS LN WHICH THE
U0-2 IS COMPLETELY EXPOSED TO THE REACTOWR COOLANT.
« ALL FAILURES HAVE OCCURRED IN THE HIGH HEAT-FLUX REGIGNS. THE
BOTTOM & IN. OF THE 30-36-IN.-LONG FUEL ROD AND THE TOP 15 IW.
ARE FREE FROM CRACKING.
* METALLOGRAPLC EXAMINATIONS INDLCATE THAT THE FALLURES ARE
[NVARIABLY INTERGRANULAR IN NATURE. NGO PRECIFPITATES CAN BE SEEN
AT THE GRAIN BOUKDARIES USING EITHER LIGHT OR ELECTRON
MICROSCOPY,
* CRACKING PATTERNS VARY WITH THE INITLAL COMDITIGN OF THE CLAD,
CRACKS LN THE COLD-WORKED RODS ARE PREDOMLNANTLY LONGLTUDINAL,
WHEREAS THOSE [N THE AMNEALED ROBS ARE PREDOMINANTLY
CIRCUMFERENTLAL.
* STATISTICAL ANALYSLS OF THE FAILURE DATA FOR THE TYPE 304
STAINLESS-STEEL-CLAD FUEL RODS INDICATES THE FOLLOWING:
12 THERE IS NO SIGNIFICANT DIFFERERCE BETWEEN THE FALLURE RATES
OF FUEL RODS CALD WITH ANNEALED OR WITH COLD-WORKED TYPE 304
STALNLESS STEEL;
2> A MUCH HIGHER FALLURE RATE EXISTS FODR PELLET AND POWDER U0-2
FUEL RODS WITH THIN, COLLAPSED CLAD THAK WITH FREESTNADING CLAD
3 FUEL RQDS OPERATING AT >300C00 BTU/HRIFT*%2 SURFACE HEAT
FLUXES DURING THE 500 TG 1000 HOURS PRIOR TO FAILURE
SHOW AN INCREASED FAILURE RATE OVER RODS OPERATING <=300000
ATU/HR/FTxx2;
43 FUEL ROOS wITH O TO ¢.005-IN. DIAMETRAL COLO PELLET-TO-CLAD
GAPS HAD HMIGHER FAILURE RATES THAN FUEL RODS WITH GAPS OF
>0.005 IN..

IN GENERAL, FALLURE LS ATTRIBUTED TO STRESS-ASSIATED INTER-
GRAMULAR CORROSION OF THE 304 STAINLESS STEEL.

SR A ) (3 ke e (4w - (5) X (B) ke (TR oo (B) -

o4 25 25 50 127 45 178 20

0.420 0.417 0.417 G.410 0.398 8.363 0.363 0,360
g.020 G.017 0.017 0.017 0.012 0.014 0.014 0.014
0.005 0.005 0.005 ¢.003 0.002 0.005 0.005 0.082
BBbDU 38000 95000 95000 945000 44000 900060 44000

PL, KNS PL, NS PL, NS5 PL, SW PL, SW PrL, Sw PL, HS PL., SW

8500 7000 5500 5630 4950 8350 10000 8080

12750 10500 9400 9000 7920 12500 15000 12900
361000 377000 400000 400000 440000 492000 490000 500000
93 110 108 104 116 106 116 121
CIRCUN. - LONG.  LONG.  LONG.,  CIRCUM. LONG. -
------- R R i i R L. T 1
PL : PELLET { SW : SWAGED

NS : NOT SWAGED I Pu ; POWDER

UG : UNGROUND PELLET {vC : VIBRATORY CDMPACTED

TR : TANDEW RULLED ! HS : HOT SWAGED

REFER NOTES OF FDN-140016.

CIRCUM., i CIRCUMFERENTIAL / LONG. : LONGITUDINAL

OYER THE YEARS THAT STAINLESS STEEL CLADDING 1AS BEEMN USED IN
COMMERCIAL REACTORS, THERE HAVE BEEN FEW INSTANCES OF FUEL ROD
FALLURES. THE HAJORITY OF FAILURES IN STAINLESS STEFL CLADDING
WERE IN BOTLING WATER REACYOR EWMVIROHENTS. AN EXTENSIVE INWVESTI-
GATION OF THESE FALLURES HAD BEEN PERFORMED BY OUNCAN ET AL.(9)
UNDER THE JOLNT US-EURATOM RESEARCH PROGRAM. THE INVESTIGATION
PROVED THAT HIGHLY STRESSED UMSENSIVIZED AUSTENITIC STAINLESS
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REFERENCES

TOTAL NO. OF FUEL RODS

BESIGN FEATURE

CLAD
OUTER DIAMETER, (1K
THICKNESS, (1K
NOMINAL UD-2-CLAD GAP, CIND
CLAD YIELD STRENGTH,
(0,24 OFF3ETY, (PSL)
FABRICATLON PROCESS
PERFORMANCE
AVERAGE BUKDLE EXPOSURE, (MWD/TU?
PEAK FUEL-ROD EXPOSURE, C(MWD/TLD
PEAK HEAT FLUX, <BTU/HR/FTxx2)

MAX. AVE. POWER DENSITY, (KW/L)

ELADDING CRACKS (TYFED

NOTES

REMARKS

REFERENCES

FUEL PERFORMANCE DBATA

DESIGN AND PERFORMANCE OF 304 STAINLESS STEEL CALD FUELS IN VBWR

JAERI-M 86-101

#k UDATE = 86-05 #xPAGE®x (D-147)

STEELS (SUCH AS TYPE 3043 ARE SUSCEPTIBLE IO STRESS-ASSISTED

INTERGRANULAR CORROSION IN HIGH PURLTY WATER ENVIROMENTS. IT

APPEARS THAT THE FAILLURE MECHANISM WAS WELL UNDERSTOOD AND WAS

BELIEVED TO INVOLVE THE FOLLOWING ELEMENTS:

x HIGHLY LOCALLZED CLADDING STRESSES RESULTING FROM PELLET-CLAD
INTERACTION.

* SEGREGATION OF IMPURLTY ELEMENTS AT GRAIN BOUNDARIES DURLING
OPERATION.

# IRRADIATION-INDUCED DEFECTS, SUCH AS VACANCIES EN THE CLADDING
, WHICH ENHANCE GRATN B0OUNDARY SUSCEPTIBILITY BY MIGRATIKG T0
THE GRALN BOUNDARIES ALONG WITH THE IMPURITY ATOMS.

* ACCUMULATION OF HARMFUL SPECIES SUCH AS CHLORIDE IONS AT
CLADDING-WATER INTERFACE.

- V.PASUPATHI ET. AL., EPRI-NP-2119,

THE

(P.4-1), SEE FDN-7Y00208. -x

VBWR YALLECITOS BOLLING WATER REACTOR.
_______________________________________________________________ %
R.N. DUNCAN, W.H. ARLT, J.S5. ATKINSON, ‘TOWARD LOW-C0SY
HIGH-PERFORMANCE BWR FUEL - (SUBTITLE) - EXTENSIVE CLADDING

FAILURES IN TESTS DN ABOUT 800 SS-CLAD RODS HAVE LED TO ON
INCREASED USE OF ZIRCALOY-2 AND TO CONSIDERATION AND TESTING OF
ALTERNATE CLADDING MATERIALS INCLUDING INCOLOY-800 -AND
INCOLOY-600. -

NUCLEONICS 23(4) PP.50-54, (P,52), C(APRIL 198657).

“STAINLESS STEEL FAILURE INVESTIGATION PROGRAM-
EURAEC-GEAP 5530, (FEBRUARY 1968).

(9) R.N. DUNCAHN,
FINAL SUMMARY REPORT,

%% 700217 %%

S (1) ey (3 ke (A koo (5) k- (B k- (F) M- - (B) -k

30 4 12 13 49 15
0.380 0.425 0.400 0.400 0.400 0,400
0.014 0.G10 0.010 0.0038 0.010 0.012
0.002 0. a. 0. 0. a.
90000 40000 45000 52000 95000 80000
PL, SW PL, SW UG, SW UG, 3w PW, SW Pw, VC

8080 3000 5500 5500 6200 3230
12900 4500 8440 B440 9300 7900
500000 450000 410000 410000 49G000 380000
121 33 107 107 120 100
LONG. - - LONG. LONG. LONG.
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JAERI-M 86-101

®&%%  FUEL PERFORMANCE DATA  %=x DATE = 86-03 *APAGTR% (D-148)

<% 700218 *> DESIGN AND PERFORMANCE OF 304 STAINLESS STEEL CLAD FUELS IN VYBWR ®*k 700218 xx

ST (2D e (3) X - (4) K- () k- (6) K- (7) %o~ (§)-%

¢ 100 TOTAL NO. DF FUEL RGDS 25 21 10 10 12

¢ 11) DESIGN FEATURE

€200 CLAD

€2 OUTER DLIAMETER, CINY 0.400  0.400  0.400  0.400  0.425

¢ 2 THICKNESS, (INY 0.016  0.016  0.008 0.016 0.010

¢ 23)  NOMINAL UD-2-CLAD GAP, CINF O, 0. 0. 0. 0.

( 24)  CLAD YIELD STRENGTH,

¢ 25 (0.2% OFFSET), (PS1) 95000 90000 95000 45000 95000

¢ 13> FABRICATION PROCESS PW, SW PW, TR PW, SW PW, HS PW, 5¥

¢ 12) PERFORMANCE

¢ 31)  AVERAGE BUNDLE EXPOSURE, (MWD/TU) 4300 4500 460G 4600 3000

¢ 32)  PEAK FUEL-ROD EXPOSURE, (MWDITU) 7100 7206 6900 6900 4500

¢ 33)  PEAK HEAT FLUX, (BTU/HR/FTx=2) 345000 380000 425000 425000 450000

€ 34)  MAX. AVE. POWER DENSITY, (KW/L) 93 100 109 109 93

€ 14) CLADDING CRACKS (TYPE) LONG.  LONG. - - -
_______________________________________________________________ x

(997> NOTES SEE FDN-700216,
______________________________________________________________ .

(998) REMARKS SEE FDN-700216.
_______________________________________________________________ N

(999> REFERENCFS SEE FDN-T00216.
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JAERI-M 86-101

*xx  FUEL PERFORMANCE DATA  xxx - DATE = 86-~05 *kPAGERx (- 149)
<% 700219 %> PERIPHERAL FUEL ROD FLATTENING OBSERVATIONS ®% 700219 %%
S (1)K - (2R - () ke e s (4 k- - (5) K- (B K- - (7Y =X - - (8)-x
xCYCLL *® REGIGN®--------- ROD --------- * FUEL *- PER CENT ----%
* * *#-- PREPRESSURIZATION --*DENSITY*x FLATTENED ----%
* R ®(L TD) % *
- - P R T T pepepup—— PR Mmoo *
10 PLANT HNAME
112 BEZMNAU 1 1 1 NO 34 o]
2 NG 92 2.3
3 NO 90 0
4 1 NO 94 0.8
2 MO a2 4.5
4,48,5 YES 91 & 92 O
£ 12) GINNA 18 1 NO 94 2.0
2 NO 92 7.3
3 NO a0 3.5
4,48 ,48 YES 62 & 94 0
2 1 NG 94 3.8
2 NO 92 B.5
4A YES 92
¢ 13 MIHAMA 1 1B 1 HO 94 1.0
2 YES 92 0
3 YES 91 0
C 14) POINT BEACH 1 1 1 NO 94 3.2
2 YES G2 0
3 YES 51 0
2 ? YES 92 0.7-%B)
3 YES 21 0.05
4 YES 94 0
{15 H. B, ROBINSON 2 . i 1 NO 94 1.1
2 YES 92 0
3 YES 91 0
- R —_— Koo X--mm e L e *
(997> NOTES *A): TYPLCAL CORE CONSISTS OF THREE FUEL REGIONS WHICH DLFFER

IN DESIGN PARAMETERS AND ARE INTENDED TO BE SEQUENTIALLY
DISCHARGED. LETTERS DEGINATE PARTIAL REGIONS.
*B): AN ADDITIONAL ©.3% EXHIBITED HIGH OVALITY.

FLATTENED FUEL RODS WERE FIRST DETECTED IN REGION 2 OF BEZNAU
UNIT 1 DURING THE 1971 REFUELLING AFTER CYCLE 1. APPROXIMATELY
2% OF THE REGIOM 2 RODS WERE FOUND TO CONTAIN A SINGLE FLATTEDED
LENGTH OF 15-75 MM IN THE UPPER 40% OF FUEL COLUMN.

BASED ON NON-DESTRUCTIVE EXAMINATION IN THE BEZNAU POOL AND
DESTRUCTIVE EXAMINATIONS [N THE HOT CELLS, FUEL DENSIFICATION
AND AXIAL SETTLEMENT WAS IDENTIFIED AS THE CAUSE OF GAP FORMA-
TION IN THE FUEL COLUMN. SUBSEGQUENTLY, IRRADIATION-ENHANCED
CRREF OF THE CLADDLNG UNDER THE COOLANT PRESSURE RESULTED IN A
FLATTENING OF THE FUEL RODS IN UNSUPPORTED SECTIONS.

(996> REFCRENCES SEE REFERENCES OF FON-110009. (P.89

ORIGINAL PAPER: JORDAN, K.R., FROC. TOPICAL MEETING COMMERCIAL
WUCLEAR FUEL TECHNDLOGY TODAY, TRONTG (1G675) 2-86.
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JAERI-M 86-101

k%%  FUEL PERFORMANCE DATA  #xx DATE = B86-05 xPAGER% (D-150)

<k 900501 *>  YALUES OF BASIC NUCLEAR PARAMETERS - CRITICAL - *% 900001 xx

1) R {2 ke (F) k- () - (B) k- -~ ()% - (7Y -X---(§) - %

®oo-- U-235 ---m---- U-233 ----ke-- PY-239 -k
MINIMUH HINIMUM MINIMUM
CRITICAL CRITICAL CRITICAL
RECOMMENDED RECONMENDED RECOMMENDED
S ()R- () k() %o (4] %e- - (5)-#- - (B) oo () -x---(B)-%
¢ 100 HASS, KG:
¢ 11 SGLUTION 0.35  0.8? .25 0.59  0.22  0.51
1w METAL 10.0  22.8 3.2 7.5 2.6 5.6 ALPHS-PHASE
3.5 7.6 DELTA- PHASE
¢ 207 DIAMETER OF INFINITE CYLIKDER,IN
¢ 11 SOLUTION 5.0 5.4 3.7 4.4 4.2 6.9
€ 13) oM (12,73 (13.1) (12.5)
¢ 12 METAL 2.7 i1 1.7 1.9 1.4 1.7 ALPHA-PHASE
1.8 2.1 DELTA-PHASE
¢ 30> THICKKESS CF INFINITE SUAB, LK
¢ 11 SOLUTION 1.5 1.7 0.8 1.2 0.9 1.3
1 (CM3 (3.8) 4.3
¢ 12 METAL 0.5 0.6 0.2 0.3 0.18  0.24  ALPHA-PHASE
1D (CH) (1.27)  <1.59
0.22  0.28  DELTA-PHASE
€ 40) SOLUTION VOLUME, LITERS 4.8 6.3 2.3 3.3 3.4 4.5
¢ 50) CHEMICAL CONCENTRATION OF
AQUEOUS SOLUTION,
¢ 52)  GRAM (OF LSDTOPE)/LITER 10.8 2.1 10.0  11.2 6.9 7.8
€ 600 U-235 ENRICHMENT OF HOMOGENEDUS
HYDROGEMN-MODERATED URANLUM,
(62> WEIGHT PERCENT 0.95 1.0 - - - -
_______________________________________________________________ x
(999) REFERENCES NGCLEAR SAFETY GUIDE, TID-7O16(REV.1), (1961), P.10.

<* 900002 x> SUMMARY OF FUEL MATERLAL PROPERTIES - PU-02 ETC.- % 900007 %%

S () K- (R ke (B M (B e - (5) k- - () k- - (T) - k- - - (8) -k
k--- UY0-2 ----- #---- PU-02 ----%- (U,20 W/D PUY-02 ----x

( 10> THEDRETICAL DENSITY, G/CC 10.96 11.45 11.04

( 20> MELTING POINT, DEG-C 2840 +- 40 2400 +- 30 2810 +-(232

€ 30 CRYSTAL SYSTEM FFC{FLUORITE> FFC (FLUORITE) FFC (FLUORITED

¢ 31> CRYSTAL PARAMETER, AQ= 5.4705+-0.0003 5.3960+-0.0003 5,455%+-0.0005

¢ 40> COEFFICIENT OF LINER THERMAL

C 42 EXPANSION, /DEG-C 10.1%10%%-6 10.9X10%%-% 10.3X10%x-6

C 43> (RANGE 25 70 1000 DEG-C)

( 50> THERMAL CONDUCTIVITY,

512 WILM-DEG C AT 93X%1D 0.022 »1600 C 0,023 AT 1000 C 0.021 >1600 C

C 60> ELECTRICAL RESISTIVITY,

€ 612 OHK-CH 1X10%%3 1.3X10%=8 2K 10xx4

C 7G> RESISTANCE TO THERMAL

7D SHOCK GOOD FAIRLY GOOD G00D

< 80) COMPATIBILITY WITH CLADDING

e MATERIAL EXCELLENTY RN xxB)

¢ 90) YOUNG'S MODULUS, KILOBARS 1930 -- 140G+-100 (D/M=1.98>

( 92) SHEAR HOBULUS, KILOBARS 770 -- 550+- 50 {(0/M=1.98)

( 94) PGISSON’S RATIO 0.302 - 0.28 7D 0.29
_______________________________________________________________ ®

(397> NOTES x=xf) COMPATIBLE WITH STAINLESS STEEL, INCOMNEL, CR, MO, NB, V,

BELOW 1400 DEG-F. NOT COMPATIBLE WIYH TL, W, ZRY-2.
________________________________________________________________ *
*xB) SAME AS PU-02. HYPERSTOICHIOMETRIC COMPOUND REACTS WITH
STAINLESS STEEL AND INCONEL AT TEMPERATURES TO 1400 DEG-F.

_______________________________________________________________ *

(9%9) REFERENCES COMPILED BY B.F. RUBIN, “SUMMARY OF (U,PUX02 PROPERTIES AND
FABRICATION METHODS”, GEAP-13582 (WOV., 1970), P.2.
_______________________________________________________________ *
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<* 900003 *> MELTING AND BUOILING POINTS

kX

FUEL

JAERI-M 86-101

FERFORMANCE DATA xxx DATE 86-05 *¥PAGER% (D-151)

OF OXIDE AND CARBORIDE FUEL *2 900003 %x

S 1) R (2 K (30 K- - (4K (5) ke o= (B) K-~ (T) -k - (§)-%

Xoeo- UL oo £-(0.8U,0.2FUC-%---- UD2 ----x-{0.8Y,0.2PL)D2%
€ 10)  MELTING POINT, ™ K 2780. 2758, 3123. 3040.
¢ 200 BOILING POINT, v K3 4814, 4558. 3678, 3423,
€300 Tv - T . K3 2034. 1800. 550, 383,
___________________________________________________________________ "
(998) REMARKS FUEL TEMPERATURE DESIGN BASIS:
THE UO0-2 MELTING TEMPERATURE FOR AT LEAST 95% DF THE PEAK
KWw/FT FUEL RODS WILL NOT BE WXLEEDED AT THE 95% CONFIDENCE LEVEL
MELTING TEMPERATURE OF UD-2 1§ TAKEN AS 5080 DEG-F (2804.4
BEG-CY *(1) UNIRRUIATED AMD DECREASING BY 58 DEG-F (32.2 DEG-C)
PER 10000 MkD/NTU.
- WESTINGHOUSE, RESAR-41 (PEC. 1973), P.-4.4-2, -
_______________________________________________________________ %
(999) REFERENCES RESERCH COMMITEE ON FUEL PERFORMANCE, ’SOME PHYSICAL PROCESSES
OF IRRADIATED OXIDE FUEL’ CIN JAPANESE), J. AESJ, 21(10), P.777.
(1979),
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
A, SHETH, ET. AL., ANL-AFP-11, (18753,
_________________________________________________________ e x
#(1) J.A. CHRISTENSEN, R.J. ALLIO, 4. BIANCHERIA, *MELTING PGINT
OF IRRADLATED UD 27, WCAP-6065 (FEB. 1965).
________________________________________________________________ *
<x 900004 *> YOLUME OF FISSION GAS FORMED AND XE-135 10 XE-136 CONVERSION (1) ®x 9000CE *=

¢ 10
C1n

{20
2D

300
C 400

(997)

(998>

(999)

THERMAL NUETROM FLUX

CX10%x13 NJEMxx2-5EL)

CUBIC CENTIMETER OF FISSION GAS

PER GRAM U-235 FISSIONED

YOLYME (CC) OF XE-136 PROBUCED
CONVERSION XE-135 TO XE-136,

NOTES

REMARKS

REFERENCES

(%)

RS ORL EEERCIRE Z N i SR R G PEL EEE R (PR IR AL TEENS: DT

Q 0.3 2.4 3.3 5.2 5.6 5.85
67 5.0 11.867 40 55.0 86.7 93.3 97
_______________________________________________________________ "
BASIE:
£1) 24.5 CCCSTPY INERT GAS FORMED PER GRAM OF U-235 FISSIONED.
CHMINIMUM) .

{2) PLUS XENOHN-135 FORMED BY NEUTROM ABSORPTION.
I-135 - (6,7 HR, OELCAY)- XEC 135 -(9.13 HR, DECAY)- C5-135(%
|
+-- (NUETRON ABSORP.)Y---- XE-1361(583
WHERE XE-135 FISSION YIELD = 6.3 %
XE-135 SIGMA = 2.72+-0.11 X10%%x6 BARNS,
XE-135 DECAY CONST.= 9.13 HOURS.
(3) 1 GRAM U-235 FISSIONED NEARLY EGQGUALS 1 MWD/MTH,

13ABOUT 30 STABLE OR LONG-LIVED INERT GAS ATOMS ARE PRODUCED PER

100 FISSIONS OF U-235 OR PU-239., EARLY IN LIFE THE FISSION GAS

CONSISTS OF 86 A0 XENON AND 14 AJO KRYPTON, LATER THE COM-

POSITION SHIFTS TO A HIGHER PERCENTAGE OF XENON DUE TO AN

INCREASING AMOUNT OF PU-239.

- H. STEHLE, H. ASSMAN, F. WUNDERLICH, “URANIUM DIOXIDE
PROPERTIES FOR LWR FUEL RODS‘, NUCL. ENG. DESIGN, 33(19731,
P.P. 230-280. (P.239) -

2) SEE THE NOTES OF FDN-700208.

3) FISSICN GAS IS GEMERATED WITHIN THE FUEL AT A& RATE OF 1.35E-3

GRAM MOLES/MWOD.
- H.E. WILLIAMSOK, DANA C. DITHMDRE, *CURRENT BWR FUEL DESIGN AND
EXPERIENCE’,REACT.TECH. 14(1> (SPRING 1971), PP.68-98, P.75.-

________________________________________________________________ *
R.C. MNELSON, D.H. COPLIN, M.F. LYONS, B. WELDERBAUM, ‘FISSICN
GAS RELEASE FROM UD-2 FUEL RGDS WITH GROSS CENTRAL MELTING/,
GEAP-4572 (JULY, 19643, P.5, FIG.3-1.
_______________________________________________________________ M
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<x 900005 =>

5k okk

C 10> THERMAL NUETRON FLUX

11

200
2D

¢ 307
¢ 402

(399)

<x GO000E w>

¢ 53

C 3

C 40
€ 41>

¢ 30
¢ 512

¢ To
71
[y

( 80>
¢ 903

(100>

(140)
(141)

(9973

(993)

(X10x#13 N/CMx*x2-5EC)

CUBIC CEMVTIMETER OF FLSSION 543
PER GRAM U-235 FISSIONED

VOLUME (CCY OF XE-136 PRODULED

CONVERSION XE-135 T0 XE-136, (&3]

REFERENCES

HIGH TEMPERATURE

MATERLAL

MELTING PDINT, DEG-C

BOILING FOINT, DEG-T

HEAT OF FUSION, D-HM,  KCAL/MOLE

HEAT OF VAPORIZATION,  KCAL/MOLE
D-HY,

VAPOR PRESSURE ABDVE 50110,

P IN TORR AT T DBEG-K

PHASE TRANSFORMATILION

COEFFICLENT OF THERMAL EXPANSION
AT T DEG-C;
GIVEN AS 1G#%-6/DEG-C

GRAM/CC
DEG-C

DENSITY AT 25 DEG-C,
TOTAL NORMAL EMITTANCE AT T

THERMAL CONDUCTIVITY, WICM-T

MODULUS OF ELASTICITY, KG /MM %2
T IN DEG-C.

NOTES

REFERENCES

D 152

FUEL PERFORMANCE DATA

VOLUME OF FISSION GAS FORMED AND XE-135 T0 XE-136 CONVERSION (20

PHYSICAL PROPERTIES OF FUEL ELEMENT MATERIALS-1

JAERI-M 86-101

LT *xPAGE¥® (D-152)

DATE = B6-05

*% 900005 *x

me e () e (2) k- - (3) k- (4) k- - (5) K- (H) ko= (T)-k--- (8] -

100. 50G. 1000
________________________________________________________________ ®

30.4 30.5 30.5

5.9 6.0 5.0

98.3 100, 100
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x
SEE FDN-59000G4.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *

*% 900006 **

St (1) k- () K- {3k - - (A k- (B - ()% () % - (8) %

®----  ZIRCONIGN ----- #- TIRCALOY-4 --®---- TYPE 304 §§ ----=
________________________________________________________________ *
1852+-10. 1849 1400, TO 1455.
4325, -
CR FE NI
2567, 2772, 2142.
4.9
ER FE NI
3.5 3.7 4.21
145.76+-1.0 -
CR FE Wl
94.85 99,95  102.67
————————————— R i S 3
LOG P=10.216-31065/7 - CRY LOG P=7.127-20059/7
“0.0002419%T FE) LOG P=7.023-20828/7
NI) LOG P=7.341-215117T
——————————————————————— R T I i
ALPHA-BETA ¢ 870 DEG-C3 ALFHA + -
BATA-CUBIC (2285 DEG-C) (980 TC 1000 DEG-C)
——————————————————————— R R L 4
5.768+0,00615%T 5.63+3.16% MT=20.2 (0 TO 1000 C )
FOR ALPHS 10%%-3 *7
9.7 (25 10 800 C
FOR BETA
——————————————————————— R e i e et
6.49 - 7.9
0.118 + 0.00G127%T 0.112+0.000085%T 0.707+0.0002327
(300 70 800 DEG-C)
——————————————————————— R e R,
0.271 AT 25 DEG-C
0.204 AT 100 DEG-C
0.187 AT 300 DEG-C
——————————————————————— R i it |
(ZIRCALOY)
9841-5.78%7 21840-9,326%T
(TG 320 DEG-£) (TO 1080 DEG-E)
----------------------- T T T 4
MC : MEAN COEFFICLENT,
________________________________________________________________ x

H.C BRASSFIELD, J.F. WHITE, L. SJODHAL, J.T. BITTEL, "RECOMMEN-x*
DED PROPERTY AND REACTION KINETICS DATA FOR USE IN EVALUATING A
LIGHT-WATER REACTOR LOSS OF COOLANT INCIDENT INVOLVING ZIRCALOY
-4 OR 304-5SS-CLAD UD-2-, GEMP-482 (APRIL 1968), P.87,88,89.
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JAERI-M 86-101

*¥%% FUEL PERFORMANCE DATA  xxx DATE = 86-05 FEAPAGER® (D-153)

<% 800007 *> HIGH TEMPERATURE PHYSICAL PROPERTIES OF FUEL ELEMENT MATERIALS-2 ** 900007 =%

TR (23X (B ke - (Ao (5) K - (B) M- (T)-%---(B)-x

¢ 5) MATERIAL CREEEEE Uo-2  --eo---- ¥oooo IR-D2 e *
__________________________________________________________________ x
€ 103 MELTING POINT, DEG-C 2840. 2710+-15.
¢ 200 BOLLING POENT, PEG-C - 4297,
€ 30) HEAT OF FUSION, D-HM,  KECAL/MOLE 18.2+-0.5 20.8
¢ a0y HEAT OF VAPGRIZATION,  KCAL /MOLE 137.1+-1.7 157.3-0.0078%T-400/T TOIN 2
4 D-Hv,
( 500 VAPOR PRESSURE ABOVE SOLID,
€51 P IN TORR AT 7 DEG-K LOG P=25.686-33115/T  L06 P=-(35900+- 10002 /T
-4.026% LOG T #(10.774-0,39)
€ 600 PRASE TRAMSFORMATION NONE MONOCLINIC-TETRAGOKAL
€7 70 1250 DEG-L)
TETRAGONAL - CUEIC
(2250 DEG-L)
——————————————————————— LR e
¢ 703 COEFFICLENT OF THERMAL EXPANSION
€7D AT T DEG-C;
€72 GIVEN AS 10%= 6/DEG-C 6.797+5.792X10%%-3 *T  M(=7.8
(1000 TO 2250 DEG-C) (0 TO 1000 DEG-T)
________________________ A el
{ 80> DENSITY AT 25 DEG-C, GRAM/ L 10.96 5.68
——————————————————————— L N
(MG-0 5TAB.)
(1107  TENSILE STRENGTH §=287.56%G%x(-0.837)%  TEMP. () KG/Minx2
EXF(-3.84x%p) 1030 §.30
WHERE S 1S IN KG/MM?2 1200 .42
G IS GRAIN SiZE,MICRON-M 1540 1.3
P 1S FRACTLON PROSITY.
________________________ N
(1200  COMPRESSIVE STRENGTH TEMP. (0> KG/Mpmx2
1000 120.
1200 80.
1400 13,
1500 ?
________________________ K ey
(1403  MODULUS OF ELASTICITY,  KG/MM¥x2 16900 KG/MM#x2 TEMP. (0> KB/ Mpixn2
AT 800 DEG-C 1050 11600.
FOR 93 %TD. 1180 11100,
1225 10700.
12990 10300
13560 9600
_______________________________________________________________ %
(3977 NOTES MC = MEAN COEFFICIENT
_______________________________________________________________ *
€999) REFERENCES SEE FDN-500006.
________________________________________________________________ "
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<x 900008 *>

10)
13
113
12)
14)
152
16)
17
i8
19)
203
212

I R o T U - S P,

R13]
3ty
i)
33)

~ e

403
41)
i
EED)

—~ e

¢ 500
510

-~

603
61)
62)
63)
64)
652

R N Y

T0)
T
T2)
73
74
753
T8)
78)
79>
802

T N . Ry

90)
a1
923
93
94)
953
95)
87)
98>
99
97
(161)
1023
(102>
(104)

LT N N Ty

~

(1102
{111)
(112)
(113

(1202
(121)
(112
(113)

{130}
(131D
{132y
(133

{999

D-184

JAERI-M 86-101

S %¥x FUEL PERFORMANCE DATA  #wxx DATE = 86-05 *4PAGE=x (D-154)

THERMAL-NUETRON CROSS SECTION,
(UNIT: BARNS/ATOM)
ABSORPTION CROSS SELTION
(2200 M/SEC NUETRONS)
SCATTERING CRDSS SECTION
13070PIC CROSS SECTION
ISOTOPES ISOTOPIC ABUNDANCE X

IR-90 51.5
IR-91 11,2
IR-92 17.1
2R-94 17.4
ZR-96 2.8

THERMAL PROPERTIES
SPECIFIC HEAT, CAL/MOLE/DEG-C
ALPHA ZIRCONIUM (298-1135 KD
BETA Z2IRCONIUM (1135-1400 X)

HEAT CONTENT, H(Y)-T(298.16)
CAL/MOLE
ALPHA ZIRCONIUM {(298-1135 ©
BETA ZIRCONIUM (1135-1400 KD

VAPOR PRESSURE (1949-2054 k)
P IN ATHM,

HEAT OF SUBLIMATION, CAL fMOLE

HEAT OF FUSILON, CAL/MOLE

HEAT OF TRAMSFORMATION, CAL/MOLE
TRANSFORMATION TEMPERATURE, DEG-C

BOILING POILNT, DEG-C
MELTING POINT, BEG-C
CRYSTALLOGRAPHY

STRUCTURE, ALPHA ZIRCONLUM
LATTIUE CONSTANTS, ALPHA, 26DEG-C

<, AMGSTOREOM
A, AMGSTOROM
CrA

STRUCTURE, BETA ZIRCONIUM

LATTICE CONSTANTS, BETA
AQ (AT 20 DEG-C), AMGSTOROM
AG (AT 862 DEG-C», AMGSTOROM

TEMPERATURE COEFFLICIENT OF
EXPANCIVITY, T IN DEG-C.
COEFFICIENT OF EXPANSIVITY
ALONG C AXIS
(1/C*DCIDTY, 0-600 C, 1.0E-6/C
ALONG A AXIS
(1/A%DAIDTY, 0-600 [, 1.0E-6/C
ISOTROPIC COEFFICIENT OF
EXPANSIVITY (BY X-RAY»
C1/L*0L/0T), 0-600 C, 1.0E-6/C
I30TROPIC COEFFICIENT OF
EXPANCIVITY (BY DILATATION)
COEFFICIENT OF EXPANCIVITY,

BCC PHASE,

(1/L=DLIDTS, 1.06-6/C
DENSITY, GR/CC

20 DEG-C

852 DEG-C (ALPHA)
862 DEG-C (BETA

ELECTRICAL RESISTIVITY, OHM-CH
0 DEG-C
862 DEG-C (ALPHAD
862 DEG-C (BETA}

TEMPERATURE COEFFICIENT OF
RESISTIVITY, 1/DEG-C
0-100 DEG-C
0-862 DEG-C

REFERENCES

PHYSICAL PROFERTIES OF ZIRCOMN *¥ 300008 xx

T A ) e (B ke (A R (5 ke (B k- (7) ke - (8- %

0.18+-0.02

cp
6.83+1.12E-3 =T-0.87E5 /7%»2
v.27

6.83%T+0.56E-3*%Txx2+0.87E5/7-2378
7.27xT-1183

_______________________________________________________________ x
142,150+-350
5,500
920
862
3.580-3,700.
1,852+-2
_______________________________________________________________ %
HEXAGONAL CLOSE PACKED.
5.14756 A
3.23115 A
1.9310
B0DY-CENTERED CUBIC.
3.545 A (EXTRAPOLATED)
3.609 A
______________________________________________________________ %
6.106+0.01398%7
5.59940.022¢1%7
5.T66+0.00154a7
5.7 +0.001 T
9.7
6.51
6.39
6.44
_______________________________________________________________ x
41.E-6
129.E-6
110.E-6
_______________________________________________________________ x
44, E-4
24.9E-4
_______________________________________________________________ x
OKUBG SADAJIRHO, "REALTOR MATERIAL’ (LN JAPANESE),
UCHIDARKOKAKU-SHINSHA (1970), P.41-42,
_______________________________________________________________ x



<* 900009 *>

100
200
307
40)
500

A~ A e

(%977

(%99)

k¥

IR-90
ZR-91
IR-92
IR-94
IR-96

ATOMIC WEIGHT OF ZIRCONIUM

NOTES

REFERENCES

<% 900010 x> FISSION GAS RELEASE

1
¢ 20

<10
{20

« 102
20

{30

(999>

TEMPERATURE RANCE
FISSION GAS RELEASE RATE,

REFERENCE NOD.

TEMPERATURE RANCE
FISSION GAS RELEASE RATE,

REFERENCE NO.

TEMPERATURE RANCE
FISSION GAS RELEASE RATE.

REFERENLE NO.

REFERENCES

MODELS

(DEG-E2
(%

(DEG-L?
(%)

(DEG- T
(Z;

JAERI-M 86-101

FUEL FERFORMANCL DATA  %wx GATE = 86-03 *kkPAGE*® (D-153)

VISOTOPIC ABUNDANCE OF ZIRCONIUM ®*x 000009 *x%

S (1) K- (2) K (3) X (B)<Ee - (5) koo - (6) %o (T) k- (B)-%

x- I[SOTOPIC ---*- ATOMIC  ---%-- (CROSS ----- *

*- ABUNDANCE --#- WEIGHT  ---%-- SECTION ---%

x- CAJBIRAY -k *-- BARNS -~ -*

——————————————— R e e R
51.452+-0.009 0.0114 MILI-BARNS

_________________________________________________________________ *
91.226+-0.002
_______________________________________________________________ *
*4) : AT 95 % CONFIDENCE LEVEL.
________ e eiailix
M. DKAMOTO,
J. AESJ, 26(3) (1984), P.399-400.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *
DIVIGED INTO TEMPERATURE RANGES - *¥x 900010 *xx
ce o (1) e (2 k- (3N K- (4K {5) M- (B k- (TIko - (B)-
<1650 1650=<
4, 100,
REF-1)
——————— B T T I R 4
<1650 1650 70 1900 1900=<
0. 20, 100.
REF-2)
——————— e et I I
<1000 1000 710 1300 1300 TO 1600 1600<
0.5 10. 60. 95.
REF-33
------- B e B ]
REF-1)

H.E. WILLIAMGON, 0.C. DITMGRE, "CURREN} BWR FUEL DESIGN AND
EXPERIENCE’, REACT. TECH. 14(1), (SPRING 1971), PP.68-98. P-75.

______________________________________________________________ "
REF-2) -

R.C. NELSUM, D.H. COPLIN, M.F., LYONS, B. WEIDENBAUM, 'FISSION
GAS RELEASE FROM UO-2 FUEL RODS WITH GROSS CENTRAL MELTING-,
GEAP-4572 CJULY 1964).
____________________________________________________________________ .
REF-3)

W.B. LEWIS, NUCL. APL. 2, PP.171-7, (1966
_______________________________________________________________ *
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<% 900011 %>

¢ 102
C 113
200

C10
1
¢ 202

« 1)
11D
20
« 1M
11
20
¢ 10
1D
0

(997>

(9%8)

(%99

MAXIMUM FUEL ROD VOLUMETRIC
AVERASE TEMPERATURE, (DEG-T)
FISSLI0OM GASES RELEASED, %)

MAXIMUM FUEL ROD WOLUMETRIC

AVERAGE TEMPERATURE, (DEG-D
FISSTON GASES RELEASED, &5
MAX MUY FUEL RUD WOLUMETRIC

AVERACE TEMPERATURE, (OEG-C3
FISSLON GASES RELFASED, [$:3]

HAXIMUM FUEL ROD VOLUMETRIC
AVERAGE TEMPERATURE, (DEG-C)
F185100 CASES RELEASED, [§:3)

MAX IMUM FUEL ROD VOLUMETRIC

FISS10M GAS RELEFASE MODEL OF HOFFMANN AND COPLIN

JAERI-M 86-101

xxx  FUEL PERFORMANCE DATA =% DATE = 86-05 xxPAGEXK (D-156)
*x GUOO11 x*
S (1) e (D) ko (3D ke (8D % - (5) Koo (f) - xe o {T) koo (B -#
700 745 753 760 785 300 805 216
9.02 0.08 0.02 0.1 0.2 0.28 0.3 0.4
------- L T T e e .
957 833 840 843 850
0.5 0.5 0.7 0.8 0.9
——————— L . IS S el I Sk
853 890 913 934 957 973 986 1010
1.0 2.9 3.0 4.0 5.0 6.0 7.0 2.0
——————— R L R SR I
1037 1100 1157 1200 1300 1217 1400 1500
10, 16. 20. 23. 29, 30. 3. 33,
fffffff L e T I e k. IR 4
AVERAGE TEMPERATURE, (BEG-CY 1600 1700 1800 1900
FISSION GASES RELEASED, ) 34 3% 38 39
——————— R SRR SRR EEEE SR A S 4
NOTES THESE YALUES WERE TAKEN FROM THE FIGURE OF THE REPDERT 0
GEAP-5496.
__________________________________________________________________ %
THE MAXIMUM FUEL ROD VOLUMETRLIC AVERAGE TEMPERATURE (VAT) IS
DEFINED AS
VAT=(TCLP+TSP) 2. /FP
WHERE TCLP= PELLET CENTER LINE TEMP. OF PEAK LOCATION ON ROD.
REMARKS
REFERENCES

D 156

TSP = PELLET SURFACE TEMP. OF PEAK LOQCATION OK RGD.
FP = RATIO OF PEAK T0D AVERAGE FLUX AS DETERMINED BY
GAMMA PROFILE.
-SAMPLE CALCULATION-
TCLP=1950 (L), TSP = 5860 (C3,
VAT =2510/2.71.48 = 849 (0.

PERCENT FISSION GAS RELEASE
THE THEORETICAL PRODUCTION OF KR-85 IS CALCULATED AS FOLLOWS:
ATOMS KR-835 PROBUCED=Y(BURN UP (FISSION/CT))*
{(VOLUME UO-2 (CCrY*(F.¥.
WHERE F.¥. KR-85= FISSION YIELD= 0.293%.
-~SAMFLE CALCULATION-
ATOMS KR-85 PRONUCED=(2.6E+203%66.9%0.00293= 5.02E+19

KR-83)

THEREFORE - )
THE PERCENT GAS RELEASED=(ATOMS KR-85 MEASURED/ATOMS KR-85
PRODUCED> = 100
=(1.05E+18/5.02E+192%100.= 2.1 %

APPROXIMATELY 30 PERCENT OF THE FISSION PRODUCTS OF THE U-235
ISOTOPE ARE GASES, PRIMARILY THE STABLE ISOTOPIC SPECIES OF
XEMON AND KRYPTON. THE RATE OF FISSIDN GAS PRODULTION IN A U0-2
FUEL ROD 1S ABOUT 5.FE-25 GRAM-MOLE PER FISSION. THUS, BY THE
TIME THE FUEL HAS REACUHED AN EXPDSURE OF J3.E+20 FISSION/CC OF
Ug-2, 300 CUBLC CENTIMETERS (STP)> 0OF GAS WILL HAVE BEEN
GENERATED FOR EACH KIOGRAM OF UOD-2.

- REFER THE REMARKS OF FDN-90Q0004. -

IS USED TO CALCULATE FP GAS
GAPCON AND

THIS MODEL, SLIGHTLY MODIFIED,
RELEASE RATE FROM PELLETS IN COMPUTER PROGRAMS,
GAPCON-THERMAL.

J.P. HOFFMANN, D.H. COPLIN, "THE RELEASE OF FISSION GASES FROM

URANIUM DIOXIDE PELLET FUEL OPERATED AT HIGH TEMPERATURES',
GEAP-4596 C(SEPTEHBER, 19647,

—174—




JAERI-M 86-101

x—3 TFT—974 FILFEF]

{Table 3 KWIC Index of data title)
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INDEX WORD

IXITX A EE KK

ABUNDANCE

AEC

ANALYSIS
SNALYSIS
ARALYSIS
ANALYSIS
ANALYSIS

ARRAYMENT

ASME

ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY

ASTH

AT
AT
AT
at
AT

AVERAGE

AXIAL
AXiaL
AXIAL

EXKEK B AKRRX

BALANCE

BAR
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INDEX WORD DATA TITLE F.D.N DATA PAGE
BIRP-2 < INTER RAMP HEASUREMENTS DATA (4) FOR BIRP-2 AKD BIRP-4 >700016 D-106
BIRP-4 < INTER RAMP MEASUREMENTS DATA (1) FDR B1IRP-2 AND BIRP-4 >700013 D-103
BIRP-4 < INTER RAMP MEASUREMENTS DATA (2) FOR BIRP-2 AND BIRP-4 2700014 D-104
BIRP-4 < INTER RAMP MEASUREMENTS DATA (3) FOR BIRP-2 AND BIRP-4 >700015 U-103
BIRP-4 < INTER RAMP MEASUREMENTS DATA {4) FOR BIRP-2 AND BIRP-4 >7000156 D-1086
BOILING < MELTING AND BOILING PDLINTS OF OXIiOE AND CARBORIDE FUELL >900803 D-151
80L < REACTIVITY BALANCE AT BOL - EXAMPLE - >110006 0- 14
BORON < EQUIVALENT BORON CONTENT - EBC - >140017 D- &4
BR- < TEST FUEL ROO DATA -IKTER RAMP HS,.BR- >130408 n- 37
8R- < INTER RAMP IRRADIATIOR DATA (3) -S, BR- >700006 D- 96
BR- < INTER RAMP HOT CELL PlE DATA (3) -HhS,BR- >700019 D-10G
BR- < INTER RAMP FUEL RODS SPECIFICATION -HS, BR- >130012 D- 4g
8R- < INTER RAMP DI[AMETER MEASUREMENT DATA (3} -HS,BR- >700012 D-102
84- < INTER RAMP FUEL ROGS WEIGHT INCREASES (3) -HS,BR- >700029 D-118
8R- < TEST MATRIX OF THE INTER RAMP PROJECT <(3) -HS,BR- >700003 0- 93
aRr- < INTER RAMP ROD LENGTH MEASUREMENT DATA (3} -HS,BR- >700023 B-113
BURNUP < FUEL BURNUP SAMMARY, >700211 D-143
BURNUP < FUEL RURNUP SUMMARY (CON'T) 2700212 D-143
BURST < BURST PRUOPERTIES FOR CLAUDDING TUBES >150007 0- 71
BURST < BURST TESTS ON CLADDING OF ONP TYPE LIIF FUEL >700215 D-145
BWR < PEAK-TO-AVERAGE POWER RATIOS (PEAKING FACTOR) IN BWR CORES >3110202 D- 17
BuR < SUMMARY OF MIXED-OXIDE FUEL DESIGN PARAMETER - BWR - >120009 D- 28
B4R < CORE DESLGNS FOR OPTIMUM PERFORMANCE - HISTORICAL BWR - >110201 D- 16
BUR < FUEL ROD ARRAYMENT OF MIXED-OXIDE FUEL ASSEMBLY - BWR - >120008 D- 27
B1RP-2 < INTER RAMP MEASURCHENWTS DATA (1) FOR B1RP-2 AND BIRP-4 >700013 D-103

EXREX C ERE R

CALD < DESIGN AWD PERFORMANCE OF 304 STAINLESS STEEL CALD FUELS IN VBWR >700217 D-147
CANDU < SPECIFICATION OF CANDU STAKDARD DESIGH >140005 bD- o
CARBORIDE < MELTING AND BdiL[NG POINTS OF OXLDE AND [ARBORLDE FUEL >400003 D-151
CELL < [NTER RAMP HOT CELL PlE DATA (12 -LR,LS,TR- >70G017 D-107
CELL < INTER RANMP {I0T CELL PIE DATA (2) -LS, TS, OR, Hift- >700018 D-108
CELL < INTER RAMP [i0T CELL PIE DATA (3D -HS, BR- >700019 0-10%
CHARACTERLISTIC < ROD DESIGNATION - CHARARCTERLSTLC SETS OF PARAMETER VALUES >130004 D- 34
CHARACTERISTICS< MAIN CORE CHARACTERISTICS - AVERAGE FOWER DENSITY - >1G0004 b- 5
CHARACTERISTICS< U0-2 POWOBER CHARACTERISTICS - INTER RAMP - >14Q007 D- 57
CHARACTERISTICS< GENERAL DESCRIPYION OF REACTOR CHARACTERISTICS (13 >110001 b- 8
CHARACTERISTICS< GEMERAL DESCRIPYION OF REACTOR CHARACTERISTICS (2) >110002 b- 10
CHARACTERISTICS< GENERAL DESCRIPTION OF REACTOR CHARACTERISTICS (33 >110003 D- 12
CHART < FUEL FABRLCATION QUALITY CONTROL FLOW CHART -INTER RAMP- >130001 D- 29
CHEMICAL < CHEMICAL ANALYSIS OF 2IRCALCY BAR FOR FUEL ROD EMD PLUGS >160001 D- 856
CHEMICAL < CHEMICAL AKALYSIS RESULTS OF FUEL HOLODOWN SPRING MATERIAL >160003 D- 87
CHEMICAL < SPACER PELLET - CHEMICAL COMPOSITILION AND IMPURLTIES, INTER-RP.- 2140006 D- 57
CHEMICTAL < MIXED OXIDE PELLET - CHCMICAL COMPOSITLON AND [MPURITIES - >140005 0- 56
CHEMICAL < CLADDLING MATERIAL - ZIRCALGY CHEMICAL COMPOSITION & IMPURLVIES - >150002 D- 67
CHEMICAL < CLADDING MATERIAL - STAINLESS STEEL CHEMICAL COMPOSITION & 1MP.- >150013 D- 73
CHEMICAL < PELLET - CHEMICAL IMPURITIES - >140002 D- 55
CHEMICAL < IIRCALDY TUBE CHEMICAL REQUIREMENTS - ASTM DESIGNATLON - >150001 D- 68
CLAD < DESIGN AND PERFORMANCE DF 304 STAINLESS STEEL CLAD FUELS IN VBWR >700216 D-148
CLAD < DESIGN AND PERFORMANCE OF 304 STAINLESS STEEL CLAD FUELS IN VBWR >700218 D-148
CLAD < INTER RAMP CLAD TENSILE TESTING RESULT (1) -LS- >700032 D-119
CLAD < INTER RAMP CLAD TENSILE TESTING RESULT (2) -L§- >700033 D-120
CLAD < INTER RAMP CLAD TENSILE TESTING RESULT (3) - HR- >700034 b-120
CLAD < INTER RAMP CLAD TEMSILE TESTING RESULY (42 -TR- >700035 b-121
CLAD < CLASSIFICATION OF OBSERVED FUEL FAILURES - ZIRCALOY CLAD - >300002 D- 90
CLADDING < CLADDING MATERLAL - STAINLESS STEEL CHEMICAL COMPOSITION & IMP.- >150013 b- 73
CLADDING < CLADDING MATERIAL - ZIRCALOY CHEMICAL COMPOSITION & IMPURLITLES - >150002 b- 67
CLADDING < BURST TESTS ON CLADDING OF ONP TYPE IIIF FUEL >700215 b-145
CLADDING < TENSILE TESTS ON ZIRCALQY CLADDING OF ORESDEN TYPE I FUEL. >700213 B-144
CLADDING < TYPICAL ZIRCALOY CLADDING TUBE SPECIFICATION DATA »>150501 D- 84
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INREX WORD DATA TITLE F.D.K DATA PAGE
CLADDING < BURST PROPERTLIES FOR CLADDING TUBES >150007 b- 71
CLADDING < CORROSIOR PROPERTIES FOR ZIRCALOY CLADDING TUBES >15000¢ b- 71
CLADDING < HYDRIDE ORIENTATION METHOD ARD REBULTS FGR CLADDING TUBES >150010 o- 72
CLADDING < MECHANICAL PROPERTIES Of L{LADDING TUBES - INTER RAMP - >150006 - 70
CLABDING < HYDBRIDE ORIENTATION FACTOR (FN) FOR CLADDING TUBES - INTER-RP. - »>150011 D- T2
CLASSIFICATION < CLASSIFICATION OF DBSERVED FUEL FALLURES - ZIRCALOY CLAD - >300002 D- %0
CODE < BASIC STRESS INTENSITY [IMITS - ASME VESSEL CODE SECTION III - >150503 D- 86
COEFFICLENT < REACTIVITY COEFFICIENT - PWR, MIHAMA - >110007 - 1a
COMPARATIVE < COMPARATIVE MANPOWER COSTS FOR FUEL FABRICATION PROCESSES >14G016 B- 63
COMPONENTS < FUEL ROD COMPONENTS AND SPECIFICATIONS -1INTER RAMP- >130003 D- 33
COMFOSITION < SPACER PELLEYT - CHEMICAL COMPOSITION AND IMPURITIES, INTER-RP.- >140006 - 57
COMPOSEITION < MIXED OXIDE PELLET - CHEMICAL COMPOSITION AND IMPURITIES - >140005 - 56
COMEQSITION < CLADDING MATERIAL - ZIRCALOY CHEMICAL COMPGSITION & IMPURITIES - »>15000% D- &7
COMFOSEITION < CLADDING MATERIAL - STAIWLESS STEEL CHEMICAL COMPOSITION & IMFP.- >150013 D- 73
CONDITION < THERMAL SINTERING TEST CONDITIOK FOR PELLET DEKSIFIEATION >140015 D- 62
CONNECTICUT < FISSION GAS RELEASE AND VOID VOLUME ODATA FOR CONNECTICUT YANKEE =>700208 D-142
CONNECTICUT < CONNECTICUT YANKEE FUEL SUPPLIERS AND DESIGN PARAMETERS >120004 b- 23
CONNECTICUT < CONNECTICOT YANXEE FUEL SUPPLIERS AND DESIGN PARAMETERS (CON‘T) >12000% D- 24
CONSTITUENTS < ANALYSIS OF THE CORTENT OF GASEQUS CONSTITUERTS IN TUBES >150003 D- 68
CONSTITUTION < CONSTITUTION OF FILING DATA NUMBER FOR FUEL PERFORMANCE ODATA > 1 b- 1
CONTENT < ANALYGSIS OF THE CONTENT OF GASEOUS CONSTITUENTS IR TUBES >150003 D- 68
CONTENT < MO1STURE CONTENT OF PELLETS - IRTER RAMP - >740004 D- 55
CONTENT < EQUIVALENT BORON CONTENT - EBC - >140017 b- 64
! CONTROL < FUEL FABRICATION QUALITY CONTROL FLOW CHART -INTER RAMP- >130001 b- 29
CONRVERS1ON < VOLUME OF FISSION GAS FORMED AND XE-135 TO XE-136 CONVERSION (1) >900004 D-151
CONVERSION < VOLUME OF FJ3SI10N GAS FORMED AND XC-135 TO XE-136 COMVERSIONW (23 >900003 B-152
COPLIN < FISS10W GAS RELEASE MODEL OF HOFFMANN AND COPLIWN >900011 D-156
CORE < MAIK CORE CHARACTERISTICS - AVERAGE POWER DENSITY - >100004 p- 5
CORE < CORE DESIGNS FOR OPTIMUM PERFORMANCE - HISVORICAL BWR - >112201 D- 16
CORE < MAIN CORE PARAMETERS - MODERATORJFUEL VOLUME RATIO - >114004 b- 13
CORES < PEAK-TO-AYERAGE POWER RATIOS (PEAKING FACTOR)Y IN BWR CORES >1140202 b- 17
CORROSIOR < CORROSION PROPERTIES FOR ZIRCALOY CLADBING TUBES >15Q009 b- 71
CosTS < COMPARATIVE MANPOWER COSTS FOR FUEL FABRICATION PROCESSES >140018 b- 63
CRITERIA < BASI1S FOR FUEL DESIGN - DESIGN CRITERILIA - >110203 n- 18
CRITICAL < VALUES DF BASIC NUCLEAR PARAMETERS - CRITICAL - >800001 0-1590
CYCLE < TERSILE TESTS ON ZIRCALOY-CLAD FUEL FROM AEC FUEL CYCLE PROGRAM >700214 0-144

EEERN D EREEK ¥

DAMAGE < DEFINITION OF FUEL BAMAGE >110204 D- 18
DATA < JPOR TEST ASSEMBLY NO.1 TUBE TEST DATA >150025 D- 83
DATHR < TYPICAL ZIRCALOY CLADDING TUBE SPECIFICATION DATA >150501 D- 84
DATA < JPDR TEST ASSEMBLY NO.1 IRY-2 TUBES AND BARS TEST DATA >150015 D- 75
DATA < JPDR TEST ASSEMBLY NO.1 2RY-2 TUBES AND BARS TEST DATA >150016 0- 796
DATA < CONSTITUTLION OF FILING DATA NUMBER FOR FUEL PERFORMANCE DATA > 1 0- 1
DATA < TEST FUEL ROD DATA -INTER RAMP HS,BR- >130008 0- 37
DATA < TEST FUEL ROD DATA -INTER RAMP LR,LS,TR- >130006 - 35
DATA < TEST FUEL ROD DATA -INTER RAMR LS,TS,DR,HR- >130007 D- 38
DATA < JPDR TEST ASSEMBLY NG.1 HARS TEST DATA (142) >150023 0- 83
DATA < JPDR TEST ASSEMBLY KO.1 ZRY-2 TUBES AND BARS TEST OATA  (1/3) >150014 D- T4
DATA < JPDR TEST ASSEMBLY NO.1 ZRY-2 TUBES AND BARS TEST DATA (1/6) >150017 B- 77
DATA < JFDR YEST ASSEMBLY NO.1 BARS TEST DATA (2/2) >150024 D- 83
DATA < JPDR TEST ASSEMBLY NO.1 ZRY-2 TUBES AND BARS TEST DATA (2/6) >150018 G- 78
0ATH < JPDR TEST ASSEMBLY NO.1 ZRY-2 TUBES AND BARS TEST DATA (346> >150019 D- 79
JATA < JPOR TEST ASSEMBLY RNO.1 ZRY-2 TUBES AND BARS TEST DATA (4/6) >150020 D- 80
DATA < JPDR TEST ASSEMBLY NO.1 ZRY-2 TUBES ANC BARS TEST DATA (5/6é) >150021 D- 8%
DATA < JPOR TEST ASSEMBLY NO.% ZRY-Z TUBES AND BARS TEST PATA (&/8) >150027? n- 82
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FUEL PERFORMANLE DATA SAKUIN DATA=86-05
DATA TIVLE

INTER RAMP,PRE-RAMP IRRADIATION DATA AND RAMP I1RRADLATION DATA 1
INTER RAMP,PRE RAMP IRRADIATION OATA AND RAMP IRRADIATION DATA 2
INTER RAMP,PRE RAMP IRRADIATIDN DATA AND RAMP JRRADIATION DATA 3
INTER RAMP (PRE-RAMP IRRADIATION DATA AT AXLAL PEAK POWER (1)
INTER RAMP (PRE-RAMP IRRADIATION DATA AT AXIAL PEAK POWER (2) )
INTER RAMP (PRE-RAMP IRRADIATION DATA AT AXIAL PEAK PDWER (3) )
FISSION GAS RELEASE AND VOID VOLUME DATA FOR CONNECTICUT YANKEE
CONSTITUTLION OF FILING DATA NUMBER FOR FUEL PERFORMAMCE DATA
DATA OF PWR AND HCPWR CAPWR)

INTER RAMP_PRE-RAMP IRRADIATION DATA AND RAMP [RRADIATION DATA 1
LNTER RAMP,FRE RAMP IRRADIATION DATA AND RAMP [RRADIATION DATA 2
INTER RAMP,PRE RAMP IHRADIATION DATA AND RAMP LRRADIATION DATA 3
TEST ASSEMBLY DATA - IFA-106 -

TEST ASSEMBLY DATA - IFA-106 - (CON‘T)

TYPICAL NUCLEAR POWER REACTOR DATA (1)

INTER RAMP FISSION GAS REREASE DATA (1)

INTER RAMP LRRADIATION DATA (1) -LR,LS,TR-

INTER RAMP HOT CELL PIE DATA (1) “LR,LS,TR-

INTER RAMP ROD LENGTH MEASUREMENT DATA (1) -LR,LS,TR-
INTER HRAMP DIAMETER MEASUREHEKT DATA (12 -LR,LS.TR-

INTER RAMP MEASUREMENTS CDATA (1) FOR 81RP-2 AND BIRP-4
TYPICAL NUCLEAR POWER REACIOR DATA (2)

ILNTER RAMP FISSION GAS REREASE DATA (2>

INTER RAMP IRRADIATION DATA (2} -L8,TS,DR, HR-

INTER RAMP 1IOT CELL PIE DATA (2) -L5,T8,0R, HR-

INTER RAMP DIAMETER MEASUREMENT DATA (22 -LS,TS,DR,HR-
INTER RAMP ROD LENGTH MEASUREMENT DATA (2) LS, TS, DR HA-
INTER RAMP MEASUREMENTS DATA (2) FOR BIRF-2 AND OBIRP-4
INTER RAMP DIANETER MEASURCMENT DATA (3> -HS,BR-
[NTER RAMP LIRRADIATION DATA (3) -HS, BR-

[NTER RAMP HOT CELL PIE DATA (3) -HS,BR-

LNTER RAMP ROD LENGTH MEASUREHMENT DATA (3) -HS, BR-
INTER RAMP MEASUREMENTS DATA (33 FOR BIRP-2 AND BIRP-4
INTER RAMP MEASUREMENTS DATA (42 FOR BIRP-2 AND BIRP-4
DEFINITION OF FUEL DAMAGE

OEMO RAMP FUEL RODS SPECIFICATION -BWR (13-

0EMO RAMP FUEL RODS SPLCIFICATION -BWR (2)-

THERMAL SINTERING TEST CONDITION FOR PELLET DENSLFICATION

HETHOD OF MEASUREMENT FOR PELLET GEOMETRICAL DENSITY
JPDR-II FUEL PELLET DENSILTY MEASUREMENT (1)

JPOR-II FOEL PELLET DENSITY MEASUREMENT (20

JPDR-10 FUEL PELLET DENSITY MEASUREMENT (3)

JPOR-11 FUEL PELLEY DENSITY MEASUREMENT (4)

JPOR-IL FUEL PELLET DENSITY MEASUREMENT (5)

JPOR-IL FUEL PELLET DENSLTY MEASUREMENT (6)

JPDR-II FUEL PELLET BENSITY MEASUREHMENI (1)

MAIN CORE CHARACTERISVICS - AVERAGE POWER DENSITY -

GENERAL DESCRIPTION OF REACTOR CHARACTERISTICS (1)
GENERAL DESCRLPYION OF REACTOR CHARACTERISTICS ()
GEMERAL DESCRIPTION OF REACTOR CHARACTERLSTICS (33

DESCRIPTLONS OF FUEL ASSEMBLY STRUCTURE DESIGN

SPECIFICATION COF CANDU STANDARD DESIGH

DESCRIPTIONS OF FUEL ASSEMELY STRUCTURE DESIGN

NUCLEAR DESIGN PARAMETERS - PWR -

DESIGH AND PERFORMANCE OF 304 STAINLESS STEEL CALD FUELS IN VBWR
DESIGN AND PERFORMANCE OF 304 STAINLESS STEEL CLAD FUELS IN VvBWR
OESIGH AND PERFORMANCE OF 304 STALNLESS STEEL CLAD FUELS I[N VBWR
BASIS FOR FUEL DESIGN - DESIGN CRITERIA - |

SUMMARY OF MIXED-OXIDE FUEL DESLGN PARAMETER - BWR -

JOYO {FBR) MK-1 FUEL ASSEMBLY DESIGN PARAMETERS

CONNECTICUT YANKEE FUEL SUPPLIERS AND DESIGN PARAMETERS
COMHNECTICUT YANKEE FUEL SUPPLIERS AND DESIGN PARAMETERS (CON'T)
BASIS FOR FUFL OESIGN - DESIGN CRITERIA -

ZIRCALOY TUBE CHEMICAL REQUIREMENTS - ASTH DESIGMATION -

ROD DBESIGNATIOM - CHARARCTERISTIC SETS OF PARAMETER VALUES
PELLET TYPE DESIGNATION - INTER RAMP -

CORE DESIGNS FOR OPTIMUM PERFORMANCE - HISTORICAL BWR -
INTER RAMP DIAMETER MEASUREHENT DATA (12 SLR,ES.TR-
INTER RAMP DIAMETER MEASUREMENT OATA (2) -L8,TS,DR,HR-
INTER RAMP DIAMETER MEASUREMENRT DATA (3D ~HS,BR-
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>140015

>140018
>140008
>140009
>144010
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>106004
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INDEX wORD . BATA TITLE F.D.N DATA PAGE
DIMENSTONS < TEST ROD DIMENSIONS AND WEIGHTS -IHTER RAMP LR- >130009 D- 38
DivVIDED < FISSION GAS RELEASE MODELS - DIVIDED INTO TEMPERATURE RANGES - >900010 D-13%
Dnp < BURST TESTS ON CLADDING OF DNP TYPE IIIF FUEL >700215 D-145
DR < TEST FUEL ROD DATA -INTER RAMR LS,TS,DR,iR- >130007 D- 36
DR < INTER RAMP IRRADIATION DATA (2) LS, TS5, DR.NR- >700005 D- 95
DR < INTER RAMP HOT LELL PLE DATA (2) ~L8,7T§,0R,HR- >T000148 D-108
bR < INTER RAMP FUEL RODS SPECIFICATION -1L8,TS,0R, HR~ >130011 b- 39
DR < INTER RAMP DIAMETER MEASUREMENT DATA (2) -LS,TS,DR,.KR- >700011 b-101
DR < INTER RAMP FUEL RODS WEIGHT INCREASES (2) -LS,.T8,DR,HR- >7G0028 g-117
DR < TESTY MATRLX Of THE INTER RAMP PROJECT (2) -LS,TS,DR,HR- >700002 b- 92
bR < INTER RAMP ROD LENGTH MEASUREMENT DATA (2 -L8,T5,DR,HR- >7000272 D-112
ORAWINGS < DRAWINGS REFERENCE - PELLET, FUEL RGD, ASSEMBLY, PARTS -=x >130005 B- 34
DRESDEN < TENSILE TESTS ON ZIRCALOY CLAODING OF DRESDEN TYPE I FUEL. >700213 D-144

KKK £ kkxxx
EBC < EQUIVALENT BORONW CONTENT - EBC - 2144017 D- 64
ELEMENT < HIGH TEMPERATURE PHYSITAL PROPERTIIES OF FUEL ELEMENT MATERIALS-1 >500006 D-i152
ELEMENT < HIGH TEMPERATURE PHYSICAL PROPERVIES OF FUEL ELEMENT MATERIALS-2 >800007 D-153
END < CHEMICAL ANALYSLS OF ZIRCALOY BAR FOR FUEL ROD EMD PLUGS >160001 D- B&
END < MECHANICAL PROPERTIES OF MATERIAL FOR FUEL ROD ERD PLUGS >160002 D- 87
EGUIVALENT < EQUIVALENT BGRON CONTENT - EBC - >140017 D- B4
ETC.- < SUHMARY OF FUEL MATERIAL PROPERTIES - Pu-02 ETC.- >9000072 0-156
EXAMPLE < NUETHON FLUX - TYPICAL EXAMPLE - >110008 b- 14
EXAMPLE < REACTIVITY BALANCE AT BOL - EXAMPLE - >110006 - 14
EXPERIMERTAL < OVERALL FLOW SCHEME FOR THE INTER-RAMP EXPERIMENTAL FUEL >1300072 B- 30
Xxxkx [ oxkkks

FABRICATION < COMPARAYIVE MANFOWER COSTS FOR FUEL FABRICATION PROCESSES >140015 D- 63
FABRICATION < FUEL FABRICATION QUALITY CONTROL FLOW CHART -1NTER RAMP- >3130001 0- 29
FACTOR < HYDRIDE ORIENTATLON FACTOR (FH) FOR CLADDING TUBES - INTER-RP. - >150011 D- 72
FACTOR) < PEAK-T0-AVERAGE POWER RATIOS {(PEAKING FACTOR)Y [N BWR CORES »116202 D- 17
FALLURES < CLASSIFLCATION OF DOBSERVED FUEL FAILURES - ZIRCALOY CLAD - >3000072 D- 90
FILING < CONSTITUTIQON OF FILING DATA NUMBER FOR FUCL PERFORMANCE DATA > 1 D- 1
FISSION < FISSION GAS ANALYSIS SUMMARY >700209 D-142
FISSION < FISSION GAS ANALYSIS SUMMARY (CON'T) >700210 D-143
FISSEON < VOLUME OF FISSION GAS FORMEODO AND XE-135 TO XE-1346 CONVERSLON (1) >900004 9-131
FISSION < VOLUME GF FI1SSION GAS FORMED AND XE-135 FO XE-136 COMVERSION (2) >900005 D-152
FISSION < FISSION GAS RELEASE AND vOID YOLUME DATA FOR COMNECTICUT YANKEE >T700208 B-142
FISSION < FISSION GAS RELEASE MODEL OF HOFFMANN AND COPLLN »>900011 D-158
FISSIDN < FISSIOM GAS RELEASE MODELS - DIVIDED INTO TEMPERATURE RANGES - >900010 D-155
FISSIGN < INTER RAMP FISSION GAS REREASE DATA (1) ' >700030 D-118
FISSION < INTER RAMP FISSION GAS REREASE DATA (20 >700031 D-119
FLATTENING < PERIPHERAL FUEL ROD FLATTENING OBSERVATIONS >700219 D-149
FLOW < FUEL FAGRICATION GQUALITY CONTROL FLOW CHART -INTER RAMP- >130601 D- 29
FLOW < OVERALL rFLOW SCHEME FOR THE INTER-RAMP EXPERIMENTAL FUEL >134002 D- 30
FLUX < NUETRON FLUX - TYPICAL EXAMPLE - >110008 D- 14
FORMED < VOLUME OF FISSION GAS -FORMED ANDO XE-135 TO XE-136 CONVERS1ON ¢1) >900C04 D-151
FORMED < VOLUME OF FISSION GAS FORMED AND XE£-135 TD XE-136 CONVERSION (2) >900005 D-152
FUEL < BURST TESTS DM CLADDING OF DNP TYPE 1IIF FUEL >700215 0-145
FUEL <« MELTING AND BOILLING POINTS OF OXIDE AND CARBORIDE FUEL >900003 D-151
FUEL < QVERALL FLOW SCHEME FOR THE IKTER-RAMP EXPERIMENTAL FUEL >1300602 D' 30
FUEL < SUMMARY OF FUEL ASSEMILY >120001 n- 26
FUEL < JOYO {(FBR} MWK-1 FUEL ASSEMBLY DESLGN PARAHMETERS >120006 b- 25
FUEL < DESCRIPTIONS OF FUEL ASSEMBLY STRUCTURE DESIGN >120007 D- 25
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FUEL PERFURMANCE DATA SAKUIN

DATA TITLE

DATA=8L-05

FUEL ROD ARRAYMENT OF MIXED-OXIDE FUEL ASSEMBLY - BWR -

FUEL BURNUP SAHMARY.
FUEL BURNUP SUMMARY (CON’T)

TENSILE TESVS ON ZIRCALOY-CLAD FUEL FRGM AEC FUEL CYCLE PROGRAM

DEFINITION OF FUEL DAMAGE

SUMMARY OF MIXED-GXIDE FUEL DESIGN PARAMETER - BWR

BASLS FOR FUEL DESIGH - DESIGHN CRITE

HIGH TEMPLRATURE PHYSICAL PROPERTIES OF FUEL
HIGH TEMPERATURE PHYSICAL PROPERTIES OF FUEL

RIA

ELEMENT MATERIALS-1
ELEMENT MATERIALS-2

COMPARATIVE MANPOWER COSTS FOR FHEL FABRLCATION PROCESSES

FUEL FABRICATION QUALLITY CONTROL FLOW CHART
CLASSIFICATION OF OBSERVED FUEL FAILURES -

~1NTER RAMP-
ZIRCALOY CLAD -

TENSILE TESTS ON ZIRCALOY-CLAD FUEL FROM AEC FUEL CYCLE PROGRAM
CHEMICAL ANALYSIS RESULTS OF FUEL HOLDDOWN SPRING MATERIAL

FUEL LINEAR HEAT-GENERATION HATES
SUMMARY OF FUEL MATERIAL PROPERTIES
JPDR-T1 FUEL PELLEY DENSLTY MEASUREM
JPOR-II FUEL PELLET DENSITY MEASUREM
JPOR-T1 FULL PELLET DENSITY MEASUREM
JPDR-II FUEL PELLET DENSLTY MEASUREM
JPDR-1I FUEL PELLET DENSITY MEASUREM
JPOR-11 FUEL PELLET DENSLITY MEASUREM
JPDR-11 FUEL PELLET DENSITY MEASUREM
CONSTITUTION DF FILING DATA NUMBER F
DRAWINGS REFERENCE - PELLET, FUEL RO
FUEL ROD ARRAYMENT OF MIXED-ODXIDE Fu
FUEL ROD COMPOMENTS AND SPECIFICATIO
TEST FUEL ROD DATA -INTER RAMP h$§

- PU
ENT
ENT
ENT
ENT
ERT
EWT
ENT

-02 ETC.-
1)
2)
(3
(4)
(5)
(6
(7

OR FUCL PERFORMAWCE DATA

SSEMBLY, PARTS -x
SSEMELY - BWR -
“INTER RAMP-

D, A
EL A
NS

LBR-

TEST FUEL ROD DATA ~INTER RAMP LR,LS,TR-

TEST FUEL ROD DATA ~INTER RAMR LS,TS,0R,HR-
CHEMITAL ANALYSLS OF ZIRCALOY BAR FOR FUEL RDD END PLUGS
HECHANICAL PRGPERTIES OF MATERIAL FOR FUEL ROD END PLUGS
PERIPHERAL FYEL ROD FLATTENWING ODSERVATIONS

ODEMO RAMP FUEL RODS SPECIFICATION
SUPER RAMP FULL RODS SPECIFICATION
DEMO RAMP FUEL RODS SPECLFICATION
SUPER RAMP FUEL RODS SPECIFICATION
SUPER RAMP FUEL RODBS SPECIFICATION
INTER RAMP FUEL RODS SPECIFICATION
INTER RAMR FUEL RODS SPECIFICATION
INTER RAMP FUEL RODS SPECIFICATION
OVER RAMP FUEL RODS SPECIFICATION
SUPER RAMP FUEL RODS SPECLFICATION
OVER RAMP FUEL RODS SPECIFICATION
SUPER RAMP FUEL RODS SPECLFLICATION
OVER RAMP FUEL RODS SPECIFICATION
SUPER RAMP FUEL RODS SPECIFICATION
OVER RAMP FUEL RODS SPECIFLCATION
SUPER RAMP FUEL ROBS SPECIFICATION
OVER RAMP FUEL RODS SPECIFICATION
INTER RAMP FUEL RODS WEIGHT INCREASE
INTER RAMF FUEL RODS WEIGHT LNCREASE
INTER RAMP FUEL RODS WEIGHT INCREASE
CONNECTICUT YANKEE FUEL SUPPLIERS AN
CONNECTICUT YANKEE FUEL SUPPLIERS AN
OPERATIONAL REQUIREMENTS FOR LWR FUE

IRRADIATION BEHNAVIORS OF REACTOR FUE

-BWR
- W
-BWR
-BW
-BW
-HS
-LR
-LS
-PWR
-PW
-PWR
- P
-PWR
-PW
-PWR
-PW
-PWR
S (1
5 (2
§ (3

{1-
R o(12-
(2=
R (2}-
R (3)-
,BR-
LS, TR-
LT8,DR,HR-
1) -
R (1)-
(2~
R (2)-
(35~
R (3)-
(4)-
R (4)-
(5 -
) “LR,LS,
) -LS5, TS,
) -H5, BR-

TR-
DR, HR-

D DESIGN PARAMETERS
D BESIGN PARAMETERS (CON'T)

L -

[

TYPICAL wvAL

DESLGN AND PERFORMANCE OF 304 STALNLESS STEEL CALD
DESIGN AND PERFORMANCE OF 304 STAINLESS STEEL CLAD
DESIGN AND FERFORMANCE OF 304 STAINLESS STEEL CLAD

TENSLILE TESTS ON ZIRCALOY CLADDING OF DRESDEN TYPE

FISSION GAS ANALYSIS SUMMARY
FISSION GAS ANALYSIS SUMMARY (CON‘TY

UES -

FUELS IN vBWR
FUELS IN VBWR
FUELS IN ¥BWR

I FUEL.

VOLUME OF FISSION GAS FORMED AND XE-135 TO XE-136 COHVERSLION (1)
YOLUME OF FISSION GAS FORMED AND XE-135 70 XE-136 CONVERSION (%)
FIS810N GAS RELEASE AND VOID VOLUME DATA FOR CONNELTICUT YANKEE
FISSION GAS RELEASE HODEL OF HOFFMANN AND COPLIN
FISSI0ON GAS RELEASE MODELS - DIVIDED INTO TEMPERATURE RANGES -

INTER RAMP FISSIUN GAS REREASE DATA
INTER RAMP FISSION GAS REREASE DATA

)
{2

ANALYSIS OF THE CONTENT OF GASEOUS CONSTITUENTS 1N TUBES

GENERAL DLSCRIPTEON OF REACTOR CHARACTERISTICS (1)
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F.D.K

>120008
>700211
>T00212
>700214
>110204
>120009
>110203
>900006
>900007
>140016
>130001
>300002
>T00214
>160003
>110205
>900002
>140008
>140006
>140010
>140011
>140012
>140013
>140014
> 1
>130005
>120008
>130003
>1300608
>130006
>130007
>160001
>160002
>T00219
>130013
>130019
>130014
>130026
>130021
>130012
>130018
>130011
>130022
>130015
>130023
>130016
2130024
>130017
>130025
»130018
>130026
>700027
>700028
>700029
>1200064
>120005
>110009

>300001
>700217
>700216
>700218

>700213

>700209
>700210
>800004
>900005
>700208
>900011
>900010
>700030
>700031

>150003

>110001

DATA PAGE
0- 27
D-143
D-143
D-144
b- 128
D- 28
D- 18
D-152
b-153
D- 53
0- 29
0- %0
D-144
G- 87
B- 19
D-150
D- 58
D- 59
D- 80
- 60
D- 61
D~ 61
D- 82
b- 1
D- 34
D- 27
B- 33
D- 37
0- 35
B- 36
b- 88
D- B7
D-149
b- 41
D- 47
D- 42
bD- 48
D- 49
D- 40
D- 38
D- 39
D- 50
D- 43
D- 51
D- 44
D- 52
B- 45
b~ 53
D- 46
D- 54
0-117
D-117
D-118
D- 23
D- 24
b- 15
G- 88
D-147
D-146
D-148
D-144
D-142
B-143
B-151
D-152
D-142
b-156
B-155
b-118
b-119
B- 68
D- 8
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FUEL PERFORMANCE DATA SAKUIN DATA=86-05
DATA TITLE

GENERAL DESCRIPTION OF REACTOR CHARACTERISTICS (22
GEMERAL DESCRIPTION OF REACTOR CHARACTERLISTICS (3)

METHOD DF MEASUREMENT FOR PELLET GEOMETRICAL DENSLITY

GRAIN SIZE I[N ZIRCALOY TUBES - INTER RAMP -

DATA OF PWR AND LCPWR (APWR?
FUEL LINEAR HEAT-GENERATION RATES

HIGH TEMPERATURE PHYSICAL PROPERTIES OF FUEL ELEMENT MATERIALS-1
HIGKE TEMPERATURE PuHYSICAL PROPERTIES DF FUEL ELEMENT MATERIALS-?2

CORE DESIGNS FOR GPTIMUW PCRFORMANCE - HISTORICAL BWR -
FISSLON GAS RELEASE MOOCL OF HOFFMANM AND COPLIN

MECHANICA{ PROPERTIES OF HOLDDOWN SPRING MATERIAL
CHEMICAL ANALYSIS RESULTS OF FUEL HOLOOOWN SPRING MWATERIAL

INTER RAMP HOT CELL PLE DATA (13 -LR,LS,TR-
[NTER RAMP HOT CELL PIE DATA (22 -LS,TS,.DR, HR-
ENTER RAMP HOT CELL PIE DATA (33 -HS,BR-

TEST FUEL ROD DATA ~INTER RAMR LS,TS,0R,HR-

INTER RAMP IRRADIATIDN DATA (2) LS, TS5, 0/, HR-

INTER RAMP HOT CELL PIE DATA (2 -LS,TS,DR, HR-

INTER RAMP FUEL RODS SPECLFLICATION LS, TS, 0R, HR~-

INTER RAMP DLAMETER MEASUREMENT DATA (2) -L8,TS,DR,HR-
INTER RAMP FUEL ROUDS WEIGHT INCREASES (2) LS, TS, DR, NR-
TEST MATRIX OF THE INTER RAMP PROJECT (2) -LS, TS, DR, HR-
INTER RAMP ROD LENGTH HEASUREMENT DATA (2) -LS,TS,DR.HR-

TEST FUEL ROD DATA ~INTER RAMP HS,BR-

KYDRIDE ORIEWTATION FACTOR (FN) FOR CLADDING TUBES - IHTER-RP. -
HYDRIDE ORIEWTATION METHOD AND RESULTS FOR CLADDING TUBES

TENSILE TESTS ON ZIRCALDY CLADDING OF DRESDEM TYPE I FUuEL.

TEST ASSEMBLY DATA - IFA-106 -
TEST ASSEMBLY DATA - [FA-106 - (CON'T}

DASIC STRESS INTEMSITY LIMITS - ASME VESSEL CODE SECTION 131 ~
BURST TESTS UM CLADDING OF DNP 1YPE L[IIF FUEL

SPACER PELLET - CHEMLICAL COMPOSITION AND IMPURITIES, INTER-RP.-
PELLET - CHEMICAL IMPURITIES -

MIXED DXIDE PELLET - CHEMICAL COMPOSITION AND IMPURLTIES -
CLADDING MATERLAL - ZIRCALDY CHEMICAL COMPOSITION & IMPURITIES -

CLADOING MATERIAL - STAINLESS STELL CHEMICAL COWMPOSITION & IWP.-

INTER RAMP FUEL RODS WEIGHT INCREASES (1} -LR,LS,TR-
INTER RAMP FUEL RODS WEIGHT INCREASES (23 -LS, TS5, DR, HR-
INTER RAMP FUEL RODS WEIGHT INCREASES (33 -h§,BR-

BASIC STRESS INTENSITY LIMITS - ASHME VDSSEL COLE SECTION 1fI -

INTER RAMP CLAD TENSILE TESTING RESULT (12 -LS-

[NTER RAWP CLAD TENSILE TESTING RESULT (22 -LS-

INTER RAMP CLAD TENSIELE TESTING RESULT (3 -HR-

ENTER RAMP CLAD TENSILE TESTING RESULT (4) -TR-

INTER RAMP DIAMETER MEASUREMENT DATA (1) LR,LS.TR-

INTER RAMP DEAMETER MEASUREMENT DATA (2) ~LS, T8, DR, HR-

INTER RAMP OIAMETER MEASUREMENT DATA (3) -HS,BR-

INTER RAMP FLISSION GAS REREASE BATA (1)

INTER RAMP FISSION GAS REREASE DATA (23

INTER RAHP FUEL RODS SPECIFICATION -HS,BR-

INTER RAMP FUEL RODS SPECIFICATION ' -LS,T73,DR,HR-

INTER RAMP FUEL RDDS WEIGHT INCREASES (12 -LR,LS, TR~

INTER RAMP FUEL RODS WELGHT INCREASES (2 -LS,T8,DR, HR~-
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FUEL PERFORMANCE DATA SAKUIN

DATA TITLE

INTER
INTER
[NTER
[NTER
INTER
[NTER RAMP
INTER RAMP
RESULTS OF
INTER RAMP
INTER RAMP

RAKP
RAMP
RAMP
RAMP
RAMP

FUEL RODS WELGHT INCREASES (3)
HOT CELL PIE DATA (1)
hg¥ CELL PIE DATA (23
HOT CELL PIE DATA (3)
IRRADIATION DATA (1)
IRRADIATION DATA (2)
LRRADIATION DATA (3
SCC TESTING OF INTER RAMP
MECASUREMENTS DATA (1) FOR
MEASUREMENTS DATA (2) FOR
LHTER RAMP MEASUREMENTS DATA (3) FOR
INTER RAMP MEASUREMENTS DATA (4) FOR
INTER RANMP,PRE RAMP L[RRADIATLION DATA
INTER RAMP,PRE RAMP IRRADIATION DATA AND
INTER RAMP,PRC-RAMP IRRAGIATION DATA AND
TEST MATRIX OF THE I[NTER RAMP PROJECT (1)
TEST MATRIX OF THE INTER RAMP PROJECT (22
TEST MATRIX OF THE INTER RAMP PROJECT (3}
[NTER RAWP ROD
INTER RAMP ROD
INTER RAMP RODD
PELLETIZING PARAMETERS -
PELLET TYPE DESIGNATION -
MOISTURC CONTEMT OF PELLETS -
U-2 POWDER CHARACTERISTICS -
GRAIN SIZF IM ZTIRCALOY TUBCS -
WALL THICKNESS OF TUBES - HEASUREMENT,
MECHANICAL PROPERTIES OF CLADDING TUBES -

-LR,LS,
-LS,Ts,
-HS, BR-

AND

INTER RAWP -
INTER RAMP -
INTER RAMP
INTER RAMP

MATERLIAL
BiRP-2 AND BIRP-4
BIRP-2 AND BIRP-4
BLRF-2 AND BIRP-4
BIRF-2 AND BIRP-4

LENGTH HEASUREMENT DATA (1)
LENGTH MEASUREHENT DATA ()
LENGTH HEASUREMENT DBATA (3)

DATA=86-05

-HS,BR-

“LR,LS,TR-
~L$, TS, DR, HR-
-HS,BR-

TR-
DR, HR-

*1)

RAMP IRRADIATION
RAMP IRRADIATIDN
RAMP IRRADIATION
-LR,LS,TR-
-LS, TS5, DR, HR-
-H3,BR-
“LR,LS,TR-
~L8,T3,0R,HR-
~HE, BR-

INTER RAMP -
INTER RAMP -

[NTER RAMP -

INTER RAMP
INTER RAMP
IRTER RAMP

(PRE-RAMP [RRADIATION DATA AT AXIAL PEAK POWER
(PRE-RAMP ITRRADIATION DATA AT AXIAL PEAK POWER
(PRE-RAMP IRRADIATION DATA AT AXIAL PEAK POWER

INTER RAMR FUEL RODS SPECIFICATION -LR,

LS, TR-

OVERALL FLOW SCHEME FOR THE INTER-RAMP EXPERIMENTAL FUEL

HYDRIDE DRLENTATION FACTOR (FN)

SPACER  PELLET -

FOR CLADDLING TULES -

CHEMICAL COMPCOSITION AND IMPURITIES,

DATA 2
CATA 3
BATA 1

(1) )
2y )
(3) )

INTER-RP. -

INTER-RP.-

FISSION GAS RELEASE MODELS - DIVIDED INTO TEMPERATURE RANGES -

LRRADLATION BEWAVIORS OF REACTOR FUELS

INTER RAMP,PRE-RAMP IRRADIATION DATA AND
INTER RAMP,PRE RAMP IRRADIATION DATA AND
INTER RAMP,PRE RAMP [RRADIATION DATA AND
INTER RAMP (PRC-RAHP [RRADIATION DATA AT
INTER RAMP (PRE-RAMP IRRADIATION DATA AT
INTER RAMP <(PRE-RAMP IRRADIATION DATA AT
[NTER RAMP,PRE-RAHP LRRADIATLION DATA AND
[NTER RAMP,PRE RAMP IRRADIATION DATA AND
[NTER RAMP,PRE RAMP I[RRADIATION DATA AND
INTER RAMP IRRADIATION DATA (1) -LR,LS,
INTER RAMP 1RRADIATION DATA (2) -L8,T8,
INTER HAMP IRRADIATION DATA (3} -HS,BR-

[SOTOPIC ABUNDAWCE OF ZIRCONIUM

JOYQ {FBR)
NG.1
NO.1
NO.1
ND. 1
RO .1

8ARS TEST DATA
BARS TEST DATA (
TUBE TEST DATA

ZRY-2 TUBES AND
IRY-2 TUBES AND
ZRY-2 TUBES AND
IRY-2 TUBES AND
ZRY-2 TUBES AND
IRY-2 TUBES AND
IRY-2 TUBES AND
ZRY-2 TUBES AND
ZRY-2 FTUHES AND

JPOR
JPDR
JPDR
JPDR
JPDR
JPDR
JPDR
JPDR
JPOR
JPDR
JPOR
JPDR

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
YEST

ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEMBLY
ASSEHMBLY NO.1
ASSEMBLY KQ.1
ASSEHELY NG .1
ASSEMBLY NG.1
ASSEMBLY NO.1
ASSEMBLY NO.1
ASSEMBLY ND.1

MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT

JPOR-IT
JPDR-11L
JPDOR-1I
JPDR-11
JPDR-T1

FUEL
FUEL
FUEL
FUEL
FUEL

PELLET
PELLET
PCLLET
PELLET
PELLET

DENSITY
DENSITY
DENELTY
DENSLITY
DENSILTY
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BARS
BARS
BARS
8ARS
BARS
BARS
BARS
BARS
BARS

RAMP IRRADIATION
RAMP IRRADIATION
RAMP IRRADIATLON
AXLAL PEAK POWER
AXIAL PEAK POWER
AXIAL PEAK POWER
RAMP IRRADLATION
RAMP IRRADIATION
RAMP IRRADIATION
TR-

DR, HR-
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TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

DATA

DATA

DATA (1
paTA (1
DATA
DATA
DATA (4
DATA
DATA (&

1)
(23
(3
(4)
(5)

DATA 1
DATA 2
DATA 3
13 3
2) 3
3)
DATA 1
DATA 2
CATA 3

133
16)

(2/6)
(3161

16)

(5162
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>700029 B-118
>7¥00017 D-107
>700018 b-108
>700019 b-109
>700004 D- 94
>700005 D- 95
>700006 0- 96
>700020 0-110
>700013 B-103
>700014 D-104
>700015 D-105
>700016 D- 1086
»700025 D-115
>700026 D-116
>700024 D-1t4
>700001 D- 91
>700002 bD- 92
>700003 b- 93
>700021 b-111
>700022 D-112
>700023 b-113
140003 D- 535
>140001 D- 54
>140004 D- 55
>140007 D- 57
»150012 b- 73
>150004 b- 68
>150006 B- 70
>700007 - 97
>700008 - 98
>700009 b- 99
>130010 D- 38
»>130002 - 30
>150011 b- 72
>140006 - 57
>90001%0 B-155
>300001 0- 88
>700024 D-114
>700025 0-115
>700026 D-116
>700007 D- 97
3700008 D- 98
>700009 D- 99
>700024 D-114
>T00025 D-115
>700026 D-116
>700004 - 94
2700005 D- 85
2700006 D- 98
>900009 D-155
>120006 b- 25
>150023 - 83
>150024 D- 83
>1500235 D- &3
>150015 D- 75
>150G016 D- 78
>150014 D- 74
>150017 D- 17
>150018 D- 78
>1300129 D- 79
>150020 D- 80
>150021 D- 81
>150022 D- 82
>140008 0~ 58
>140006 0- 59
>140010 D- 60
>140011 D- 6O
>140012 0- 81
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JPOR-TI
JPOR-I]
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LENGTH

LIMITS
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LR
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HAIN
MALN

MANFOWER

MATERIAL
MATERIAL
MATERIAL
MATERIAL
MATERIAL
MATERIAL
HATERIAL

MATERIALS-1

MATERIALS-2

MATRIX
MATRIX
HATRIX

MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASURENENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT
MEASUREMENT

MEASUREMENTS
MEASUREMENTS
MEASUREMENTS
MEASUREMENTS

MECHANLCAL
MECHANICAL
MECIHARICAL

L
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DATA TITLE

JPDR-IT FUEL FELLET DENSITY MEASUREMENT (&)
JPDR-IQ FUEL PELLET DEMSITY MEASUREMENT (7)

INTER RAMP ROD LENGTH MEASUREMENT DATA (13 -LR,LS,TR-
INTER RAMP ROD LENGTH MEASURIMENT DATA (2 -LS,TS,DR,HR-
INTER RAMP ROD LENGTH MEASUREMENT DATA (3) ~HS, BR-

< SUMMARY OF STRESS-INTENSITY LIHITS

"

AR A A A A AR

~

BASIC BTHESS INTENSITY LIMITS - ASME VESSEL CODE SECTION iII -
FUEL LINEAR HEAT-GENERATION RATES .

TEST FUEL ROL DATA ~INTER RAMP LR,LS,TR-

TEST ROD DIMENSIONS AND WEIGHTS ~INTER RAMP LR-

TEST FUEL ROD DATA “INTER RAMP LR,LE,TR-

INTER RAMP IRRADLATION DATA (1) LR,LS,TR-

INTCR RAMP HOT CELL PLE DATA (1) “LR,LS,TR-

[NTCR RAMR FUEL RDDS SPECIFICATION LR, L8, TR-

INTER RAMWF FUEL RODS WELGHT INCREASES (1) ~LR,LS,TR-
TEST WMATRIX OF THE INTER RAMP PROJECT (1) -LR,LS,TR-
TNTER RAMP ROD LENGTH MEASUREMENT DATA {12 “LR,LS, TR~

TEST FUEL ROD DATA -INTER RAMR LS5,T5,0R,HR-
INTER RAMP DIAMETER MEASUREMENT DATA (1) “LR,LS.TR-

OPERATIONAL REQUIREMENTS FOR LWR FUEL - TYPICAL VALUES -

< MALN CORE CHARACTERISTICS - AVERAGE POWER DENSITY -
< MAIN CORE PARAMETERS - MODERATOR/FUEL VOLUME RATID -

AN A A A A A AN

AN A A A A AN AN A A A AN AN

AA AN

COMPARATIVE MANPOWER COSTS FOR FUEL FABRICATION PROCESSES

MECHANICAL PROUPERTIES OF HOLDDOWN SPRING MATERIAL

CIIEMICAL ANALYSIS RESULTS GOF FUEL HOLDDOWW SPRING MATERIAL
RESULTS OF SCC TESTING OF [NTER RAMP MATERLAL =1}
MECHANICAL PROPERTIES OF MATERIAL FOR FUEL ROD END PLUGS
SUMMARY OF rUEL MATERIAL PRGPERTIES - PU-02 ETC.-

CLADDING MATERIAL - STALNLESS STEEL CHEMICAL COMPOSLTIODN & IMP.-
CLADDING MATERLAL - ZIRCALOY CHEMICAL COMPOUSITION & IMPURITIES -

HIGH TEMPERATURE PHYSICAL PROPERTIES OF FUEL ELEMENT MATERIALS-1

HIGH TEMPLRATURE PHYSICAL PROPERTIES OF FUEL ELEMENT MATERLIALS-2

TEST MATRIX OF THE INTER RAMP PROJECT (1D -LR,LS,IR-
TEST MATRIX OF THE INTER RAMP PROJEET (2 LS, TS,DR,HR-
TEST MATRIX OF THE INTER RAMP PRGJELT (3D -hs,BR-

WALL THICKNESS OF TUBES - MEASUREMENT, INKTER RAMP -

INTER RAHP ROC LENGTH MEASUREMEKRT DATA (1) -LR,LS,TR-
[NTER RAMP DIAMETER MEASUREMENT DATA (12 ~LR,LS.TR-
INTER RAMP DIAMETER MEASUREMENT DATA (23 ~LS,T8,DR, HR-
INTER RAMP RODG LENGTH HEASUREMENT DATA (2) -L8, TS, DR, WR-
IMTER RAMP GIAMETER MEASUREMENT DATA (33 -HS,BR-

INTER RAMP ROD LENGTH MEASUREMENT DATA (3) -HS,BR- .

METHOD OF MEASUREMENT FOR PELLET GEDMETRICAL DENSITY
JPOR-IE FUEL PELLEYT DENSITY MEASUREMENT (1)
JPDR-II FUEL PELLET DENSITY MEASUREMENT (2}
JPOR-IT FUEL PELLET DENSITY MEASUREMENT (3)
JPDR-I1 FUEL PELLEYT DENSITY MEASUREMENT (4)
JPDR-TD FUEL PELLET DENSITY HEASUREMENT (5)
JPDR-11 FUEL PELLET DENSITY MEASUREMERT (é)
JPDR-I1 FUEL PELLET DENSITY MEASUREMENT (7)

INTER RAMP MEASUREMENTS DATA (1) FOR BiRP-2 AND BIRP-4
INTER RAMP MEASUREMENTS DATA (2) FOR BIRP-2 AND BIRP-4
INTER RAMP MEASUREMENTS DATA (3) FOR BIRP-2 AND BLIRP-4
INTER RAMP MEASUREMENTS DATA {(4) FOR BIRP-2 AND BIRP-4

MECHANICAL PROPERTLES OF CLADDING TUBES - INTER RAMP -

MECHANICAL PROPERTIES DF HOLDDOWM SPRING MATERIAL
MECHANICAL PROPERTLES OF MATERIAL FOR FUEL ROD END PLUGS
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140013
>340014

>700021
>700Q22
>730023

>150502
>150503

>110205

>130006

>130009

>130006
2700004
>7G0017
>130010
>700027
>700001
>700021
>130007

2700010

>110009

>100004
>110004

>140016

>160004
21640003
>700020
»160002
>900002
>150013
>150002

>9000048

>300007

>700001
>700002
>700003

>150004
>700021
>700010
>700011
>T00022
>700012
>700023
>140018
>140008
>140009
>140010
>140011
>1400172
>140013
>140014

>700013
>T00014
2700015
>700416

>150006
>160004
>160002

DATA PAGE
b- &1
J- &2
0-111
D-112
D-113
D- 85
b- 86
0- 19
D- 35
D- 28
D- 35
D- 94
D-107
D- 38
D-117
0- 91
B-111
- 36
D-100
- 15
D- 35
D- 13
D- 63
- 87
D- &7
D-11¢
D- 87
B-150
B- 73
D- &7
D-152
D-153
0- 91
0- 92
D- 93
D- 88
D-111
D-106
D-101
D-112
D-102
D-113
D- 65
D- 58
D- 5%
D- 60
b- 80
0- 61
0- 81
D~ 62
D-103
D-104
D-105
D-1046
D- 70
D- 87
b- 87
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NG.1
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OPERATIONAL
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OVER
OVER
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MECHANICAL PROPERTLES OF ZIRCALOY TUBE TESTED AT RDOOM TEMP.-ASTM >150005

MELTING AND BOILING POINTS OF GXIDE AND CARBGRIDE FUEL

HYDRIDE ORIENTATIGN METHOD AND RESULTS FOR CLAGDING TUBES
METHOD OF MEASUREMENT FOR PELLET GEGMETRICAL DENSITY

REACTIVITY COEFFICIENT - PWR,

MIXED OXIDE PELLET

HIHANM

A -

- CHEMLICAL COMPOSITION AND IMPURITIES -

FUEL ROD ARRAYMENT OF MIXED-DXIDE FUEL ASSEMBLY -
SUMMARY OF MIXED-OXIDE FUEL DESIGH PARAMETER

JOY0 (FBR

BWR -

- BWR -

MK-1 FUEL ASSEMBLY DESIGN PARAMETERS

FISSI0ON GAS RELEZASE MODEL OF

FISSION GAS RELEASE MODELS -

HOFFMANN AND COPLIN

MAIN CORE PARAMETERS - MODERATOR/FUEL VOLUME RATILO -

MOLSTURE CONTENT OF PELLETS - INTER RAMP -

JPDR
JPDR
JPDR
JPODR
JPOR
JPOR
JPOR
JPOR
JPOR
JPDR
JPOR
JPDR

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

NUCLEAR

ASSEMBLY NO.1 BARS TEST DATA
ASSEMBLY ND.1 BARS TEST DATA
ASSEMBLY NO.1 TUBE TEST DATA
ASSEMBLY NO.1 ZRY-2 TUBES AND
ASSEMBLY NO.1 ZRY-2 TUBES AND
ASSEMBLY ND.1 2ZRY-2 TUBES AND
ASSEMBLY NO.1 FRY-2 TUBES AND
ASSEMBLY NO.1 ¢RY-2 TUBES AND
ASSEMBLY NO.1 ZRY-2 TUBES AND
ASSEHMBLY NO.1 ZRY-2 TUBES AND
ASSEMHLY NO.1 IRY-2 TUBES AND
ASSEHMBLY NO.1 ZIRY-2 TUBES AND
DESEIGN PARAMETERS - PWR -
VALUES 0OF BASIC NUCLEAR PARAHETERS - [R]
TYPICAL NUCLEAR POWER REACTOR DATA (1)

TYFICAL NUCLEAR POWLR REACTOR DATA

NUETRON FLUXx - TYPICAL EXAMPLE

CONSTITUTION OF FILING DATA KUMBER

(2]

{(1+2)
(242)

BARS
BARS
BARS
BARS
BARS
BARS
BARS
BARS
BARS

TiCAL

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DIVIDED INTQ TEMPCRATURE RANGES -

(1132
{1/6)
{2167
(3762
{4462
{3/8>
(6/6>

FOR FUEL PERFORMANCE DATA

PERLPIERAL FUEL RGD FLATTEMING OBSERVATIONS

CLASSIFICATION OF O8SERVED FUEL FAJLURES -

OFERATIONAL

CORE DESIGNS FOR OPTIMUM PERFORMANCE - HLISTGRICAL BWR -

HYDRIDE DRIENWTATION
HYDRIODE DRIENTATION

OVER
OVER
OVER
OVER
OVER

RAMP
RAMP
RAME
RAMP
RAMP

FUEL RODS
FUEL RODS
FUEL RODS
FULL R0DS
FUEL RODS

OVERALL FLOW SCHEME

MELTING AND DULLING

MIXED OXIDE PELLET -

RCD DESIGNATION -

TEST PAR

FACTOR (FN) FOR CLADDING TUBES -

REQUIREMENTS FOR LWR FUEL -

TYPICAL VALUES -

ZIRCALOY CLAD

INTER-RP.

METHOD AND RESULTS FOR CLAODDING TUBES

SPECIFICATION
SPECIFICATION
SPECIFICATION
SPECIFICATION
SPECIFLCATION

FOR THE INTER-RAMP EXPERIMENTAL FUEL

-PWR
-PWR
-PWR
-PWR
-PWR

(1)-
(2)-
(3)-
(4)-
(53~

POINTS OF GXIDE AND CARDORIDE FUEL

AMETER (DEMD RAM
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P %BWRx (1) )

CHEMICAL COMPOSITION AND IMPURITIES

CHARACTERLSTIC SETS OF PARAMETER VALUES
SUMMARY OF MIXED-OXIDE FUEL DESIGH PARAMETER - DWR
POWER RAMP

>900003

>150010
>140018

>110007

>140005

»120008
>12000%

>120006

>9040011

>900010

>110004

>140004

>150023
>150024
150025
>150015
>150016
>150014
>150017
150018
>150019
>150020
150021
>150022

>110005
>900001
>100001%
>100002

>114008

>700219

>300002
>11000%
>110201

>150811
>150810

>130022
>130023
>130024
»>139025
>130026

>130002

>900003
>140005

>130004
>120009
>700047

DATA PAGE
- 69
B-1351
- 72
D- &5
D- 14
B- 5é
b- 27
D- 28
D- 25
D-156
b-155
D- 13
D- 55
D- 83
D- 83
D- 83
b- 75
D- 76
D- 74
D- 77
D- 78
b- 9%
D- B8O
D- 81
D- 82
D- 13
D-150
b- 2
b- 3
0- 14
0- 1
D-149
b- 90
D- 15
D- 16
D- 72
b- 72
D- 50
D- 51
b- 52
D- 53
D- 54
D- 30
D-151
D- 56
B- 34
D- 28
b-129
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PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAHETER
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PARAMETER
PARAMETER
PARAMETER
PARAMETER
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FARAHMETERS
FPARAMETERS
FARAMETERS
PARAMETERS
PARAMETERS
PARAMETERS
PARAMETERS

AN A A A AN

~

PARTS

PEAK <
PEAK <
PEAK

"

PEAK-TO-AVERAGE<

PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLETY
PELLET
PELLEY
PELLET
PELLET

AR A AN A ANAAANAA AN

PELLETIZING <

PELLETS <
PERFORMANLE <
PERFORMANCE <
PERFORMANCE <
PERFORMANCE <
PERFORMANCE <
PERIPHERAL <
PHYSTCAL <
PHYSICAL <
PHYS1CAL <
PIE <
PIE <
PLE <
PLUGS <
PLUGS <
POENTS <
POVDER <
POWER <
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DATA TITLE

POWER
POWER
POWER
POWER
POWER
POWER
POWER
POWER
POWER
POWER
POWER
POWER
POWER
FOWER
POWER
POWER
POWER
POWER
POWER
POWER

JOoYo «

RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RANP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP

FBR}

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

MK- I

PARAMETER
PARAMETER
PARAMETER
FARAMETER
FARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
FARAMETER
FARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER

(DEMO RAMP

(GE
{GE
C(INTER
CLHTER
CINTER
(OVER
(OVER
(DYER
{OVER
{OVER

(PETTEN
(PETTEN
(PETTEN

(SUPER
(SUPER
(SUPER
{SUPER
(SUPER
(SUPER

R2
R2

¥BWR*

DATA=86-05

2y 3

*BWR* (1) )
*BWR* (2) )

RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP

“PBUWRx
EBWR*
*BWRx
*PUWR*
*PWR*
*PWR=
xPWRx*
®PYR*

PUR (12

PUWR

RAMP
RANP
RAMP
RAMP
RANP
RAMP

(23 )
PUR (3} )

*BYWR*
*BWR=*
*PWRx*
*PWR*
*PYRx
xPWR=

(13
(22
3
1
2
(32
(4)
5)

L N

(s)
6)
(1)
€2)
(3
(4

N R )

FUEL ASSEMBLY DESIGN PARAMETERS

CONNECTICUY YANKEE FUEL SUPPLIERS AND DESIGN PARAMETERS

VALUES OF BASIC NUCLEAR PARAMETERS -

PELLETIZING PARARMETERS
MAIN CORE PARAMETERS -
NUCLEAR DESIGH

DRAWINGS REFERENCE -

INTER RANP (PRE-RAMP IRRADIATION DATA AT AXIAL PEAK PUWER (1) 3
INTER RAMP (PRE-RAMP IRRADIATION DATA AT AXIAL PEAK FOWER (2) )
INTER RAMP (PRE-RAMP 1RRADIATION DATA AT AXIAL PEAK POWER (3) )
PEAK-TO-AVERAGE POWER RATLICGS (PEAKING FACTOR) IN BWR CORES
ORAWLNGS REFERENCE - PELLET, FUEL ROD, ASSEMBLY, PARTS -x
THERMAL SINTCRING TEST CONDITION FOR PELLET DENSIFICATION
JPDR-LT FUEL PELLET DENSETY WEASUREMENT (1)

JPOR-1I FUEL PELLET DENSITY MEASUREMENT (2

JRDR-I1 FUEL PLLLET DENSITY MEASUREMENT (33

JPDR-IL FUEL PELLET DENSITY MEASUREMENT (4)

JPOR-I1 FUEL PELLET DENSITY MEASUREMENT (5)

JPOR-T1 FUEL PELLEY DEMSITY MEASUREMENT (&)

JPDR-IL FUEL PELLET DENSLTY MEASUREMENT (7)

METHOD OF MEASUREMENT FOR PELLET GEOMETRICAL DENSITY

PELLET TYPL DESIGHATION - INTER RAMP -

SPACER PELLET - CHEMICAL COMPOSITION AND IMPURITIES, LNTER-RP.-

MIXED OXIDE PCLLET -
PELLET -

FELLETIZING PARAMETERS

MOLISTURE CONTENT OF PELLETS -

PARAMETERS -
CONNECTICUT YANKEE FUEL SUPPLIERS AND DESIGN PARAMETERS

PELLET,

- IWTER RAMP -

CRITICAL -

HODERATOR/FUEL VOLUME RATIO -

PWR -

- INTER RAMP -

INTER RAMP -

FUEL ROD, ASSEMBLY.

PARTS -x

CHEMICAL COMPGSETION AND IMPURITIES -
CHEMLICAL IMPURITIES -

CONSTITUTION OF FILING DATA NUMBER FOR FUEL PERFORMANCE GATA

DESIGN AND PERFORMANCE OF 304 STAINLESS STEEL CALD FUELS IN VABWR
DESIGH AND PERFORMANCE OF 304 STAINLESS STEFL {LAD FUELS IN VBWR
DESIGN AND PERFORMANCE OF 304 STAINLESS STEEL CLAD FUELS IN VBWR

CORE DESIGNS FOR QPTIMUM PERFORMANCE - HISTGRICAL BWR -

PERIPHERAL

HIGH TEMPERATURE PHYSICAL PROPERTIES OF FUFL ELEMENT MATERIALS-1
HIGH TEMFERATURE PUYSICAL PROPERTIES OF FUEL ELEMENT MATERLALS-?

FUEL ROD FLATTENLNG OUBSERVATIONS

PHYSICAL PROPERTIES OF Z2IRCOM

[NTER RAMP HOT CELL FIE DBATA (1) “iR,LS,TR-
LNTER RAMP HGT CELL PLE DATA (2) -8, TS,0R,HR-
[NTER RAMP HOT CELL PIE DATA (3) -HS,BR-

CHEMICAL ANALYSIS OF Z2IRCALDY BAR FOR FUEL ROD END PLUGS
MECHAMNICAL PROPERTIES GF MATERLIAL FOR FUEL ROD END PLUGS

MELTING AND BOILING PGINTS OF OXIDE AND CARBORIDE FUEL

ub-2 POWDER CHARACTERISTICS -

MALN CORE CHARACTERISTEICS -

[NTER RAMP -

AVERAGE POWER
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DENSITY -

CCON‘TS

PAGE =xK- 11x=x
F.D.N DATA PAGE

>700048 D-130
2700042 D-124
>700043 D-125
2700044 D-126
>700045 D-127
>700046 D-128
>700055 D-137
>7000586 b-138
»700057 D-139
>700058 D-140
>700059 -141
>700036 D-12%
>700037 bh-122
>700038 D-123
>700053 D-135
>700054 D-136
>700049 D-131
>700050 G-132
>700051 D-133
>700052 D-134
2120006 D- 25
>120004 D- 23
>900001 D-150
>140003 D- 535
>110004 b- 13
>110005 B- 13
>120005 D- 24
>130005 D- 34
>700007 D- §7
>700008 D- 98
>700009 D- 99
>110202 b- 17
>130005 b- 34
>140015 D- 62
>140008 D- 58
2140009 D- 59
>140010 b- 60
>140011 D- 60
>140012 b- 61
>140013 0- 61
>140014 B- 62
>140018 D~ &5
>14000% D- 54
>140006 D- 57
>140005 0- 56
>140002 D- 55
>140003 D- 55
>140004 b- 55
> 1 - 1
>700217 D-147
>700216 D-146
>700218 D-148
>110201 p- 16
>7062139 B-149
>904006 D-152
>900007 b-153
>900008 D-154
>T00017 D-107
>700018 D-108
>¥00019 b-10%
>160001 D- B&
>160002 D- 87
>9000G3 D-1%1
>140007 0~ 57
>100604 b- 5
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POWER
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POWER
POWER
POWER
POWER
POWER
POWER
POWER
POWER
POWER
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POWER
POWER
POWER
POWER
POWER
POWER RAMP TEST
POWER RAMP TEST
PEAK-TO-AVERAGE
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INTER
INTER
INTER
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RAMP
RAMP
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TEST
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TEST
TLST
TEST
TEST

INTER
INTER

IRTER

RAMP,PRE RAMP
RANP,PRE RAMP [RRADIATION BATA AND

DATA TITLE

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETLR
FARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER (SUPER RAMP
PARAMETER (SUPER RAMP
POWER RATIOS (PEAKING
POWER REACTOR DATA (1)
POWER REACTOR DATA (23

(DEMO RAMP
(DEKD RAMP
(GE R?
(GE R2
(INTER RAMP
(INTER RANP
(INTER RAMP
(OVER RAMP
{OVER RAMP
(OVER  RAMP
(OVER  RAHP
(OVER RANMP
(PETTEN
(PETTEN
(PETTEN
(SUPER
(SUPER
(SUPER
(SUPER

FWR

FWR
RAKP
RAHP
RAMP
RAMP

RAMP IRRADIATION DATA

IRRADLATION

RAMP, PRE-RAMP LRRADIATION DATA AND

101

*BYWRx
*BWRx*

*BWR¥
*GWRx
*PWR*
®PYWRx*
£PWR*
*PWR*
®PWR=
*PYR*

2y
{3
tRWRE

*BWRY

xPWRE
*PWR*
*PWRx
*PWRx>

FACTORY IN BWR CORES

RAMP (PRE-RAHP LRRADIATION DATA AT AX
RAMP (PRE-RAMP IRRADLATION DATA AT AX
AAMP (PRE-

AT AX

DATA AND RA

DATA=8E-05

(1) )
2y )

*BWR* (1) 3
*BWR* (

2} )
(1)
)
3)
(1
2
3
{4)
(5}

R N

PWR (1) )

)

)
(52
(&)
(12
(2}
(3)
(4)

B N

1AL PEAK POWER
IAL PELAK POWER
1AL PEAK POWER

MP IRRADIATION

RAMP IRRADIATION

RAMP LRRADIATION

COMPARATIVE MANPOWER COSTS FOR FUEL FABRICATION PROCESSES

1) )
z) )
33 )

DAYTA 2
LaATA 3

DATA 1

TENSILE TESTS OM ZIRCALOY-CLAD FUEL FROM AEC FUEL CYCLE PROGRAM

TEST MATRIX OF THE INTER RAMP PROJECT (1}
TEST HATRIX OF THE INIER RAMP PROJECT ¢2)

TEST MATRIX OF THE

INTER RAMP PRDJECT

BURSYT PROPERTLES FOR CLADDING TUDES
CORROSION PROPERTIES FOR ZIRCALODY CLADDING TUBES

MECHANICAL PROPERTLES OF CLADRLKG TUBES - INTER RAMP -
HIGH TEMPERATURE PiYSICAL PROPERTLIES OF FUEL ELEMENT HMATERLIALS-1
HWIGH TEMPERATURE PHYSICAL PROPERTIES OF FUEL FLEMENT MATERIALS-2

MECHANICAL PROPERTIES OF

{32

-LR,LS,TR-
LS, TS,0R,1HR-
-HS, BR-

HOLDDOWN SPRING MATERLAL

MECHANICAL PROPERTLES OF MATERIAL FOR FUEL ROD END PLUGS
MECHANICAL PROPERTIES OF ZIRCALOY TUBE TESTED AT ROOM TEMP.-ASTH
PHYSICAL PROPERTLES OF ZIRCOW
SUMMARY OF FUEL MATERIAL PROFERTIES - PU-02 ETC.~

SUMMARY OF FUEL MATERIAL PROPERTIES - PU-02 ETC.-

REACTIVITY COEFFICIENT -

DATA OF PWR AND
HUCLEAR DESIGN
POWER RAMP TEST
POWER RAMP TEST
POWER RAMP TEST

FUEL FABRICATION QUALITY CONTROL FLOW CHART -1NTER RAMP-
TEST FUEL ROD DATA -INTER RAMP HS,BR-

TEST FUEL ROD DATA ~INTER RAMP LR,LS,TR-

TEST ROD DIMENSIOHS AND WEIGHTS -1INTER RAMP LR-

POWER RAMP TEST PARAMETER (DEMO RAMP xBWRx (1) )

POWER RAMP TEST PARAMETER (DEMO RAMP *BWRx {2 )

INTER RAWP CLAR TENSILE TESTING RESULT (1) -LS-

INTER RAMP CLAD TENSLLE TESTLNG RESULT (2) -LE-

INTER RAMP CLAD TENSILE TESTING RESULT (3 -HR-

INTER RAMP CLAD TEMSILE TESTING RESULT (4) -TR-

INTER RAMP DIAMETER HEASUREMENT DATA (1) SLRLLS.TR-
INTER RAMP DIAMETER MCASURCMENT DATA (23 -LS, TS, DR IR~

PWR, MIHAMA -
HCPWR (APWR)

PARAMETERS - PWR -
PARAMETER (PETTEN PWR (1) }
PARAMETER (PETTEN PWR €2) O
PARAMETER (PETTEN PWR (3} )
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F.D.N DATA PAGE

>700047 0-129
>700048 B-130
>700042 D-124
>700043 D-125
>T00044 D-126
>700045 B-127
>700046 B-128
»>7G0055 b-137
>700056 D-138
>700957 D-139
>700058 0-140
>700059 D-141
>700036 D-121
>700037 p-122
>700038 D-123
>700053 D-135
>700054 D-136
>700049 D-131
>700050 p-132
>700051 b-133
>700052 D-134
>1102072 0- 17
>10G001 bp- 2
>100002 D- 3
»>700007 0- 97
>700008 D- 98
>700009 b- 99
>730025 D-11s5
>700028 B-116
>700024 D-114
>140016 D- 63
>T00G214 D-144
>T00001 D- 91
>700002 D- 92
>700003 D- 93
3150007 b~ 71
>150009 D- 71
>1500048 D- 70
>9000086 P-152
>300007 B-153
>160004 D- 87
>160002 D- BY
>150005 D- 69
>900008 D-154
>9000072 0-150
>9000072 B-150
>110007 b- 14
>100003 - 4
>110005 D- 13
>700036 0-121
>700037 D-122
>700038 B-123
>130001 D- 29
>130008 D- 37
>130006 - 35
>130009 D~ 38
>700047 D-129
>700048 B-130
>70006372 D-119
>700033 0-120
>700034 p-120
>700035 D-121
>700010 0-100
>700011 0-101
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FUEL PERFORMANCE DATA SAKUIN DATA=86-05 PAGE *xK- 13%x
INDEX WORD DATA TITLE F.D.N DATA PAGE
RAMP < INTER RAMP DIAMETER MEASUREMENT DATA (3) -HS,HR- >700012 bD-102
RAMP < INTER RAMP FISSION GAS REREASE DATA (1) >700030 D-118
RAMP < INTER RAMP FISS1ON GAS REREASE DATA (2) >700031 D-119
RAMP < DEMO RAMP FUEL RODS SPECIFICATION SBWR (1) - >136013 D- 41
RAMP < SUPER RAMP FUEL RODS SPECIFICATION -BWR (1)~ >130019 D- 47
RAMP < DEHO RAMP FUEL RODS SPECIFICATION -BWR (2)- >130014 D- 42
RAMP < SUPER RAMP FUEL RODS SPECLIFICATION -OWR (20~ >130020 0- 48
RAHP < SUPER RAMP FUEL RODS SPECIFICATION -BWR (3)- >130021 - 49
RAMP < I[NTER RAMP FUEL RODS SPECIFICATION -HS,BR- >130012 D- 40
RAMP < [NTER RAMP FUEL RODS SPECIFICATION -LS, TS, DR, HR- >130011% D- 39
RAMP < OVER RAMP FUEL RODS SPECIFICATION SPWR (1)- >130022 D- S0
RAMP < SUPELR RAMP FUEL RODS SPECLFICATLION -PWR (1)- >130015 D- 43
RAMP < OVER RAMP FUEL RODS SPECIFICATIDN PR (2)- >130023 B- 51
RAMP < SUPER RAMP FUEL RODRS SPECIFICATION -PWR (2)- >130016 D- 44
RAMP < OVER RAMP FUEL RODS SPECIFICATION -PWR (3)- »130024 0- 52
RAMP < SUPER RAMP FUEL RODS SPECIFICATION -PWR (3)- >130017 0- 45
RAMP < DVER RAMP FUEL RODS SPECIFICATIONM “PWR (43~ >130025 0- 53
RAMP < SUPER RAMP FUEL RODS SPECIFICATION -PWR (4)- >130018 D- 46
RAMP < DVER RAMP FUEL RODBS SPECIFICATIOR “PWR (5)- >130026 D- 54
RAHP < INTER RAMP FUEL RODS WEIGHT 1NMCREASES (12 -LR,LS,TR- >7000627 0-117
RAMP < INTER RAMP FULL RODS WEIGHT INCREASES (2} -LS,TS,DR,HR~ >700028 D-117
RANP < INTER RAMP FUEL ROOS WEIGHT INCREASES (3) -HS,BR- >700029 D-118
RAMP < INTER RAMP HOT CELL PIE DATA (1) -LR,LS,TR- >700017 D-107
RAMP < INTER RAMF HOT CELL PIE DATA (20 -L§,¥S,0R,HR- >700018 D-108
RAMP < [NTER RAMP HOT CELL PIE DATA (33 -HS,BR~ >700019 b-109
RAMP < INTER RAMF,PRE RAMP IRRADIATION DATA AND RAMP LRRADIATION DATA 2 >700025 D-115
RAMP < INTER RAMP,PRE RAHP [RRADIATION GATA AND RAMP LRRADIATION DATA 3 >700026 0-116
RAMP < INTER HAMP,PHE-RAHP LRRADIATION DATA AND RAMP JTRRADLATION DATA 1 >7T0D0024 b-114
RAMP < INTER RAMP,PRE RAMP LIRRADIATION DATA AND RAMP [RRADIATION DATA 2 >700025 B-115
RAMP < INTER RAMP,PRE RAMP IRRADIATION DATA ANO RAMP IRRADIATION DATA 3 >700026 D-116
RAMP < JNTER RAMP IRRADIATION DATA (1) -LR,LS,TR- >700004 D- 94
RAMP < INTER RAMP IRRADIATION DATA (22 -LS8,TS,0R, HR- >70000% D- 95
RAMP < INTER RAMF IRRADIATION DATA (13} -HS,BR- >700006 D- 96
RAMP < RESULTS OF SEC TESTING OF INTER RAMP MATERIAL *1) >706020 D-110
RAMP < INTER RAMP MEASUREMENTS O0AYA (1) FOR B1RP-2 AND BIRP-4 >700013 0-103
RAMP < INTER RAMP MEASUREMENTS DATA (2) FOR BIRP-2 AND BIRP-4 >700014 D-104
RAMP < INTER RAMF MEASUREMENTS DATA (3) FOR BIRP-2 AND BIRP-4 >700015 D-105
RAMP < INTER RAMP MEASUREMENTS DATA (4) FOR BIRF-2 AND BIRP-4 >700016 G-106
RAMP < [NTER RAMP,PRE RAMP IRRADIATION DATA AND RAMP IRRADIATLON DATA 2 >700025 G-115
RAMP < INTER RAMP,PRE RAMP [RRADIATION DATA AND RAMP IRRADIATIDN DATA 3 >70002% B-116
RAMP < INTER RAMP,PRE-RAHP IRRADIATION DATA AND RAMP IRRADIATION DATA 1 >700074 D-114
RAHP < TEST MATRIX OF THE LINTER RAMP PROJECT (1) LR, LS, TR~ >700001 b- 9%
RAMP < TEST MATRIX OF THE INTER RAMP PROJECT (2) -LS, TS, DR, HR- 700002 n- 92
RAMP < JEST HATRIX OF THE LNTER RAMP PROJECT (3) -HS,BR- >700003 0- 93
RAMP < INTER RAMP ROD LENGTH MEASUREMENT DATA (1) SLR,LS, TR~ >700021 0-111
RAMP < INTER RAMP ROD LENGIH MEASUREMENT DATA (2 LS, TS, DR, HR~ >700022 g-112
RAMP < INTER RAMP RGD LENGTIH MEASUREMENT DATA (3) -HS,BR- >700022 D-113
RAMP < POWER RAMP TEST PARAMETER (DEMO RAMP %BWRx (1) ) >700047 0-129
RAMP < POWER RAMP TEST PARAMETER (DEMO RAMP  xBWR* (2) ) >700048 0-13G
RAMP < POWER RAMP TEST PARAMETER (GE R2 *BWR* (1) ) >700042 D-124
RANFP < POWER RAMP TEST PARAMCTER (GE R2 *BWR* (2) ) >700043 D-125
RAMP < POWER RAMP TEST PARAMETER (INTER RAMP *BWR* (1) 1} >700044 0-128
RAMP < POWER RAMP TEST PARAMETER C(INTER RAMP ¥BWRx (2) > 27000645 0-127
RAMP < POWER RAMP TEST PARAMETER C(INTER RAMP =BWR*x (3) )} >700046 0-128
RAMP < POWER RAMP TEST PARAMETER (DVER RAMP *PWR= (1) > >700055 0-137
RAMP < POWER RAMP TEST PARAMETER (OVER RAMP *PWR* (2) } >700056 b-138
RAMP < POWER RAMP TEST PARAMETER (DVER RAMP =PWRx (3) 1} 2700057 b-139
RAMP < POWER RAMP TEST PARAMETER (OYER RAMP *PWwR* (4) ) >700058 D-140
RAMP < POWER RAMP TEST PARAMETER C(OVER RAMP =PWR=x (5) 3 »>7000s59 b-141
RAMP < POWER RAMP TEST FARAMETER (PETTEN PWR (1) ) >700636 D-121
RAMP < POWER RAMP TEST PARAMETER (PETTEK PWR (23 ) >700G37 D-122
RAMP < POWER RAMP TEST PARAMETER C(PETTEN PWR (32 ) >700038 D-123
RAMP < POWER RAMP TEST PARAMETER (SUPER RAMP *BWRx (53 ) >700053 D-135
RAMP < POWER RAMP TEST PARAMETER (SUPER RAMP *BWRx {B) ) >700054 D-136
RAMP < POWER RAMP TEST PARAMETER C(SUPER RAMP *PWRx (1) ) >700049 D-131
RAMP < POWER RAMP TEST PARAMETER (SUPER RAMP =*PWRx (2} ) >700050 b-132
RANP < POWER RAMP TEST PARAMETER (SUPER RAMP *PWR=x (3) ) >7000351 D-133
RAMP < POWER RAMP TEST PARAMETER (SUPER RAMP =xPWR¥ {(4) ) >700052 D-134
RAMP < PELLETIZING PARAMETERS - [NTER RAMP - >140G03 D- 55
RAMKP < PELLEYT TYPE DESIGNATION - I[NTER RAMP - >140001 0- 54
RAMP < MOISTURE CONTENT OF PELLETS - I[NTER RAMP - >1406G04 0- 55
RAMP < U0-2 POWDER CHARACTERISTICS - INTER RAMP - >140007 D- 57
RAMP < GRAIN SIZE IN ZIRCALOY TUBES - INTER RAMP - . >150012 D- 73
RAMP < WALL THILKNESS OF TUBES - MEASUREMENT, INTER RAMP - >150004 D- 68
RAMP < MECHANICAL PROPERYIES OF CLADDING TUQES - [NTER RAMP - >150006 0- 70
RAMP < POWER RAMP TEST PARAMETER (INTER RAMP ¥BWRx (1) >700044 D-126
RAHP < POWER RAMP TEST PARAMETER (LNTER RAMP =*BWRx (2) > >700045 0-127
RAHP < POWER RAMP TEST PARAMETER C(INTER RAMP x[WiE= (3) > >700046 0-128
RAMP < POWER RAMP TEST PARAMETER (SUPER RAMP x[wWR* (5) ) >700053 D-135
RAMP < POWER RAMP TEST PARAMETER (SUPER RAMP *[BWR* (&) ) 2700054 0-136
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FUEL PERFORMANCE DATA 3AKULN DATA=8E6-05
DATA TITLE

POWER RAMP TEST PARAMETER (OVER RAMP xPWRx (1)
POWER RAHP TEST PARAMETER (SUPER RAMP xPWR* (1)
POWER RAMP TEST PARAMETER (OYER RAMP *PWR* (22
POWER RAMP TEST PARAMETER (SUPER RAMP *PWRx (23
POWER RAMP TEST PARAMETER (GVER RAMP *PWR¥ (33
POWER RAMP TEST PARAMETER (SUPCR RAMP =PWR* (3)
POWER RAMP TEST PARAMETER (OVER RAMP *PWR* (4)
POWER RAMP TEST PARAMETER (SUPER RAMP =xPWR¥ (4}
POWER RAMP TEST PARAMETLR (OVER RAMP xPWRx (50 )

INTER RAWP (PRE-RAMP IRRADIATION DATA AT AXIAL PEAK POWER (1) O
INTER RAMP (PRL-RAHP IRRADIATION DATA AT ‘AXIAL PEAK POWER (2)
INTER RAHP (PRE-RAMP IRRADIATION DATA AT AXLAL PEAK POWER (3)

e e e e A e

FUEL ROD COMPONENTS AKD SPECIFICATIONS ~INTER RAMP-

< FUEL FAGRICATION QUALITY CONTROL FLOW CHART -INTER RAMP-

HOAA A A A

<

A A AN n

AAA

AR AN A A A A A A A A A

AN A AN A

TEST FUEL ROD DATA -INTER RAMR LS,TS5,DR,HR-
INTER RAMR FUEL RODS SPECIFICATION LR, LS, TR-

FISSION GAS RELEASE MOOELS - DIVIDED INTO TEMPERATURE RANGES -
FUEL LINEAR HEAT-GENERATION RATES

MAIN CORE PARAMETERS - MODERATOR/FUEL VOLUME RATIO -
PEAK-TO-AVERAGE POWER RATIOS (PEAKING FACTOR) IN BwR CORES

REACTIVITY BALANCE AT BOL - EXAMPLE -
REACTIVITY COEFFICIENT - PWR, MIHAMA -

GENERAL DESCRIPTION OF REACTOR CHARACTERISTICS (1)
GENERAL DESCRIPTION OF REACTOR CHARACTERLISTICS (2O
GENERAL DESCRIPTION OF REACTOR CHARACTERISTICS (3)
TyPICAL NUCLEAR POWER REACTOR DATA (1)
TYPICAL NUCLEAR POWER REACTOR DATA (2)
IRRAGIATION BEHAVIORS OF REACTOR FUELS

DRAWINGS REFERENCE - PELLET, FUEL ROD, ASSEMBLY, PARTS -=x
FISSION GAS RELEASE ANMD VOID VOLUME DATA FOR CONNECTICUT YANKEE
FISSION GAS RELEASE MOOEL OF HOFFMANN AND COPLIN

FISSION GAS RELEASE MODELS - DIVIDED INTO TEMPERATURE RANGES -

OPERATIONAL REQUIREMENTS FOR LWR FUEL - TYPLICAL VALUES -
ZIRCALOY TUBE CHEMICAL REQUIREMENTS - ASTM DESIGMATION -

INTER RAMP FISSION GAS REREASE DATA ¢1)
INTER RAMP FISSION GAS REREASE DATA (2)

INTER RAMP CLAD TENSILE TESTING RESULT (1) “LS-
INTER RAMP CLAD TENSILE TESTING RESULT (23 -LS-
INTER RAMP CLAD TENSILE TESTING RESULT (3) ~HR-
INTER RAMP LLAD TEMSILE TESTING RESULT (1) TR~

HYDRIDE ORIENTATION MHETHOD AND RESULTS FOR CLADDING TUBES
CHEMICAL AMALYSIS RESULTS OF FUEL HOLDDOWN SPRING MATERILIAL
RESULTS OF SCC TESTING OF INTER RAMP MATERLIAL x1)

DRAWINGS REFERENCE - PELLET, FUEL ROD, ASSEMBLY, PARTS -x
FUEL ROD ARRAYMENT OF MIXEO-OXIDE FUEL ASSEMBLY - BWR -

FUEL AOD COMPOMENTS AND SPECIFICATLIONS -INTER RAMP-
TEST FUEL ROD DATA -INTER RAMP HS,BR-
TEST FUEL RODB DATA -INTER RAMP LR,LS,TA-

TEST FUEL ROD DATA -IRTYER RAMR LS, TS,0R,HR-

ROO DESIGNATION - CHARACTERISTIC SETS OF PARAMETER VALUES
TEST ROD DIMENSIONS AND WEIGHTS -INTER RAMP LR-
CHEMICAL AMALYSIS OF ZIRCALOY 8AR FOR FUEL RGD END PLUGS
HECHANICAL PROPERTLIES OF MATERIAL FOR FUEL ROD ENC PLUGS
PERIPHERAL FUEL ROD FLATTENING OBSERVATLONS

LHTER RAMP ROD LENGTH MEASUREMENT DATA (1) SLR,LS,TR-
INTER RAMP ROD LENGTH MEASUREMENT DATA (23 L3, TS,0R,hR-
INTER RAMP ROD LENGTH MEASUREMENT DATA (3) -5, BR-

DEMO RAMP FUEL RODS SPECIFICATION -BWR (1)-
SUPER RAMP FUEL RODS SPECIFICATION -BWR (13-
DEMO RAMP FUEL RODS SPECIFLICATION -BWR (2)-
SUPER RAMP FUEL RODS SPECIFICATION -BWR (23-
SUPER RAMP FUEL RODS SPECIFICATION -BWR {33~
INTER RAMP FUEL RODS SPECIFICATION -5, BR-
INTER RAMR FUEL RODS SPECIFICATION LR,LS,TR-
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>130018
>130014
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>130010

DATA PAGE
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D- 97
D- 98
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b- 29
6- 36
0- 34
B-155
B- 19
n- 13
p- 17
D- 14
D- 14
B- &
D- 10
D- 12
B- 2
5- 3
D- 88
D- 34
D-142
D-156
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D- 15
3- b6
D-118
0-119
B-119
D-120
b-120
D-121
p- 72
D- 87
D-110
b- 34
D- 27
D- 33
D- 37
D- 35
b- 36
D- 34
b- 38
B- 86
D- 87
D-149
0-111
D-112
D-113
b- 41
D- 47
- 42
D- 48
b- 49
o- 40
Do 38
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FUEL PERFORMANCE DATA SAKULN

DATA TITLE

[NTER RAMP FUEL RODS SPECIFLCATION
OVER RAMP FUEL RODS SPECIFICATION
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