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1.0

INTRODUCTION

This report documents fuel examinations conducted during the End-of-
Cycle 1 refueling outage at Palo Verde Nuclear Generating Station -

Unit 2. The inspections were performed to fulfill examination require-
ments for EOC-1 that are specified by the PVNGS-2 operating license. The
examinations conducted at EOC-1 include:

- Eddy Current Testing of Assembly Guide Tubes for Wear

- Dimensional Measurements to Characterize Fuel Rod and Assembly
Growth

A total of 1/ assemblies were inspected. Table 1 lists the assemblies
and identifies the specific examinations performed on each.
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Table 1

PVNGS-2 Fuel Assemblies Selected for Examinations

Core
Ass?gyly Discharged Location Guide Tube Dilensio?l) CEA
S/N EOC-1 Cycle-1 Wear Measures Type
N057 yes R11 X
AL62 yes H12 X 4 center fingers of a 12-finger CEA
A062 yes F4 x 4 center fingers of a 12-finger CEA
A024 yes L3 x 4 finger part-length CEA
AO46 yes G15 X 4 finger part-legth CEA
AO36 yes H8 x
A059 yes N15 X
B109 yes cs X
- B119 yes L7 X
s B137 yes K2 X 4 center fingers of a 12-finger CEA
B144 (3) yes F3 X 4 outer fingers of two 12-finger CEAs
P1B226 no H7 x x ¢ outer fingers of two 12-finger CEAs
B205 no Bl1l1 X
C005 no J17 X i 4 finger CEA
C025 no Cc15 X X 4 finger CEA
C112 (3) no B13 X 2 fingers of a 12-finger CEA
P1C114 no R4 = X
17 10 10

:;; Shoulder gap and guide tube length.
(3) Assembly serial numbers are prefixed with "P2" unless otherwise specified.
Plxxx denotes fuel assemblies initially scheduled for PVNGS-1.




2.0 GUIDE TUBE WEAR EVALUATION

2.1

This section describes the evaluation of the guide tube wear measurements
taken on ten PVNGS-2 fuel assemblies following Cycle 1. The selection of
the measured fuel assemblies, establishment of a wear criterion, and
extrapolation ¢f the measured wear were all based on knowledge gained by
C-E over nearly ten years of experience. Detailed information regarding
this experience base is included in Section 2.0 of Reference 1. Also
included in this reference are the evaluation results of the twenty
PYNGS-1 fuel assemblies inspected after Cycle 1. Based on those favor-
able results (a maximum projected wear volume of only 25% of the allow-
able wear volume), the number of PVYNGS-2 fuel assemblies inspected was
reduced from twenty to ten.

Details on the ten fuel assemblies selected for examination following
Cycle 1 are provided in Table 1, and their locations in the core are
shown in Figure 1. It can be seen that all of the various CEA geometries
are represented in the sample, and that in general the assemblies were
located close to the reactor outlets. Each of the four outer guide tubes
of the ten fuel assemblies were inspected with an eddy current testing
(ECT) probe.

Evaluation of Guide Tube Wear Data

The inspection of the ten PYNGS-2 fuel assemblies ... juide tube wear
employed an improved ECT probe design compared te the ECT probe design
used for the PYNGS-1 inspections. The new probe design resulted in a
slightly different relationship between ECT voltage and guide tube wear
volume. This relationship, shown in Figure 2, was again derived by using
the ECT probe to inspect calibration standards (actual Zircaloy guide
tube stock with known geometries of mechanical flaws on the inner dia-
meter).

2-1
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The ECT measurements are summarized in Appendix A. The reported data
include the serial number of the fuel assembly inspected, the ECT volt-
age, location, ant axial extent of any wear indication for each of the
guide tubes within the fuel assembly. Figure A-1 shows the C-E conven-
tion used when identifying individual guide tubes.

Evaluation Results

The evaluation of guide tube wea  is based on wear volumes. The analy-
tical technique, including the development of a volume loss of[:

as a limiting wear criterion, are discussed in Reference 1. The resuvits
of the PYNGS-1 inspection showed a maximum projected wear volume after
three cycles of operation under a CEA to be[ ]. Since this
maximum projected value was well below the criterion of[ ], it was
concluded that the guide tube wear data ve-ified that PVNGS-1 fuel
assemblies were acceptable for operation without guide tube modification
(wear sleeves). Similarly, it could be concluded the PVYNGS-2 fuel
assemblies are acceptable without wear sleeves provided their wear data
were bounded by the PYNGS-1 wear data.

A direct comparison of the ECT voltages from PYNGS-1 and PVIGS-2 is not
appropriate because of the differences in the ECT precbe designs and
differences in the operating times of the two plants. The proper para-
meters to compare are the maximum projected wear volumes for three cycles
of operation. As stated above, this value is [ ]fbr the PVYNGS-1
data. Based on a conservatively large wear volume associated with the
PYNGS-2 data and its extrapolation to three cycles, the PYNGS-2 value is
less than half the PYNGS-1 value. Therefore, since the PVNGS-2 wear
extrapolation is less than the PYNGS-1 wear extrapolation, and since the
PYNGS-1 wear evaluation confirmed that sleeves were not required, it is
concluded that the PYNGS-2 fuel assemblies do not require wear sleeves.
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3.0 FUEL ASSEMBLY DIMENSIONAL CHANGE EVALUATION

This section describes the evaluation of the shoulder gap (distance
beti:ieen the top of the fuel rods and the bottom of the upper end fitting)
and guide tube length meazurements taken at PVNGS-2 during the EOC-1
outage. A total of ten fuel assemblies ware inspected; three Batch A,
four Batch B, and three Batch C. The specific fuel assemblies inspected
are identified in Table 1. The shoulder gap of peripheral fuel rods on
the four faces of the length of each fuel assembly were measured opti-
cally using a periscope, while each of the four guide tubes was measured

using the guide-tube length-measurement tool. |

3.1 Pre-Shutdown Evaluation

The shoulder gap evaluation for PVNGS-2 fuel paraliels the method uced
for PVNGS-1, i.e., predictions of the remaining shoulder gap were based
on the minimum available shoulder gap at the beginning of life (BOL), a
conservatively high fuel rod growth prediction, and a conservatively low
guide tube growth prediction. Both the PYNGS-1 and PYNGS-2 evaluations
adjust the available shoulder gap at BOL to account for component dimen-
sional tolerances, elastic compression of the guide tubes, and differen-
tial thermal expansion between the fuel rods and the guide tubes. Both
evaluations also employ a fuel rod growth rate that represents more
growth than the 95/95 upper 1imit for the distribution of data from the
batch whose high fluence rods had the highest observed growth rates of
any fuel examined by C-E, (Arkansas Nuclear One Unit 2 Batch C). The
difference in the Cycle 2 evaluations of the PVNGS-1 fuel and the PVNGS-2
fuel is the treatment of the guide tube growths.

As discussed in Reference 1, the shoulder gap evaluation for the PYNGS-1

fuel used a conservatively low guide tube growth prediction calculated
using the methods described in Reference 2. In order to accomodate the

higher EOC-2 fluences at PVNGS-2, the PVNGS-2

w
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evaluation uses the PVYNGS-1 measurement data to reduce the excessive amount of
conservatism in the guide tube growth predictions associated with the method
of Reference 2. The minimum guide tube growth required to prevent shoulder
gap closure for the limiting fuel rod in PVNGS-2 Cycle 2 is calculated. The
growth rate associated with this required growth and the PVNGS-1 data are
shown in Figure 3. The margin between the actual data and the calculated
growth rate indicates that the guide tube growths of the PYNGS-1 fuel
assemblies, extrapolated to the appropriate fluence, will all be in excess of
the minimum guide tube growth reguired at EOC-2 for the PVNGS-2 fuel.
Therefore, a: long as the PVNGS-2 guide tube growth data show similar margin,
the use of the minimum required guide tube growth can be concluded to be
conservative for the PYNGS-2 Cycle 2 shoulder gap evaluation.

3.2 Dimensional Change Data

The individual shoulder gap measurements are tabulated in Appendix B,
Tables B-1 through B-10. For each shoulder gap measured, the tabulation
also contains the initial shoulder gap {the nominal value from the design
drawings), the resulting shoulder gap change (initial gap - EOC-1 gap),
the inferred fuel rod growth (shoulder gap change plus guide tube
growth), fuel rod growth strain (fuel rod growth/active length), and the
fuel rod's axial average fast fluence. Guide tube information (average
g owth and average fluence) is included at the bottom of ecach fuel
assembly’s shoulder yap tabulation. The shoulder gap change data, guide
tube growth data, and fuel rod growth data are plotted relative to the
appropriate fast fluence in Figure 4, 5, and 6, respectively.

3.3 Post-Shutdown Evaluation

Fuel rod growth data are shown in Figure 6 along with the design basis
taken from the ANO-2 Batch C data [

The figure shows that the high fluénce data are all below the design

3-2




AVG GUIDE TUBE GROWTH (IN.)

GUIDE TUBE GROWTH

PYNGS—1 EOC—1

I I

AVG FLUENCE(XE+21 N/CM**2 E>0 821 MeV)

£ 8Jnbi 4



L.
z
L —
i
«
g
_()
P8
o
4
o
@
&
- |
-
o
;"
[14]

SHOULDER GAP DECREASE

PVNGS—2 EOC—1

T T T T
2

FLUENCE (X EE+21 N/CM**2, E>0821 MEV)

¢ 84nby4



(AN 128 0<T ZeaD/N LZ+33)3DN3INTS OAY

L 4 P 4 0
~ ! L 1 -+ o
3
(")
@
=
O
= m
w o
(.3 3 un
5 $~
o Py
w & w
-
&
~r
L 2 =
1—203 C—SONAL L

HIMOHO 38N1 3dIN9




(AN 1Z8 0<3 'TeeND/N 1Z433 X) IONINS

v z 0
B USSR R e 1 s fo o st B ssnmaniiiedisadlos -
J
_ m
|
O
w0 - @ >
o N "
2 3
w I
z
*l 1—003  ZT—SONAd -

HIMOHO dO0d 13N




basis and the trend of the data is for increased margin at higher
fluences. Therefore, it is conservative to use the fual rod growth mode

when predicting limiting shoulder gap changes.

Guide tube length change data for the PVNGS-2 fuel are shown in Figure 3,
along with the minimum required guide tube growth rate discussed in
Section 4.1 The figure shows similar margin for the PVNGS-2 measurements
as Figure 3 shows for the PYNGS-1 measurements. Therefore, the use of
the minimum rquired guide tube growth can be concluded to be conservative

for the PYNGS-2 Cycle 2 shoulder gap evaluation.

The fuel rod growth data and the guide tube growth data from PVNGS-1 and
PYNGS-2 at EOC-1 have confirmed the conservations of the analytical
modeling used in the shoulder gap evaluation of the PVNGS-2 Cycle 2 fuel.

Therefore, since the shoulder gap evaluation verified that the limiting

fuel rod in Cycle 2 had sufficient shoulder gap and since the analytical
modeling used in the evaluation has been shown to be conservative, it 1s
concluded that the fuel in PYNGS-2 Cycle 2 is acceptable with respect to

shoulder gap.




4.0 SUMMARY AND CONCLUSIONS

Guide tube wear originating from the mechanical interaction between guide
tubes and CEAs was first observed by C-E in 1978. Since that time, C-E
has established several surveillance programs tc ensure significant
margin to the limiting wear criterion. A program of this type was
implemented for the System 80 design.

Ten fuel assemblies from PYNGS-2 were selected for guide tube wear
examination following Cycle 1. The assemblies examined represent all
combinations of CEA types and geometries. The selections were biased
towards regions of the core which have higher than average coolant flow
rates; areas expected to generate more severe wear. A total of 40 guide
tubes were examined bringing the total C-E experience with System 80
guide tubes to 120 (80 from PVNGS-1).

The criterion used to evaluate the results was based on deterministically
conservative assumptions of wear geometry, loading severity, and material
properties. This criterion was the same as that used in the original
gecision to operate the System 80 fuel type without protective wear
sleeves.

The evaluation of all wear measurements showed that the most l1imiting of
the 120 measured guide tubes (total System 80) had acceptable wear. [ts
wear rate was less than that determined in the original flow tests of the
System 80 design. Extrapolation of the wear to three cycles of operation
demonstrated significant margin to the guide tube wear limit criterion.
The effects of core shuffling and of fuel exposure to the reactor environ-
ment lead C-E to conclude that no case of guide tube wear will be as
severe as predicted by the extrapolation.

The inspection samples and the evaluation results frem PVNGS-1 and

PYNGS-2 support the continued operation of all System 80 fuel assemblies
through the completion of their design iife without quide tuoe modifica-
tion (wear sleeves).
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Dimensional measurements of peripheral fuel rod shoulder gap and of guide
tube lengths were performed on ten PVNGS-2 fuel assemblies following
cycle 1. Fuel rod growth data, determined from the measurements, indi-
cate that the growth of high fiuence fuel rods is less than the growth
predicted by the model used to determine design limits for shoulder gap.
In addition, the trend of the data is for an increasing margin between
rod growth and the design basis at higher fluences. The measured guide
tube growths are greater than the growths predicted by the growth rate
associated with the minimum guide tube growth required at EOC-2.

Based on the fuel assembly dimensional measurements performed at PVNGS-!
and PYNGS-2, the C-E models for predicting guide tube growth and fuel rod
growth have been shown to be conservative. As a result, adequate margin
for shoulder gap reduction exists in all fuel assemblies designated for
operation in PYNGS-2 Cycle 2. In addition, it is concluded that the
shoulder gap evaluition technique is acceptable for determining the
fluence capabilities of PVNGS fuel. Therefore, comparisons of fluence
capabilities and peak fuel rod fluence can be made for subsequent cycles
to verify the acceptability of the shoulder gap of the operating fuel.
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FUEL ASSEMBLY DIMENSIONAL MEASUREMENTS
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FaCE:

NOATH

BOL 6AP FLUENCE SW. 5AP DECREASE SROWTH  STRAIN

{in,)

0
(4

(£20,821)

ASSEMBLY SERIAL WO, L

FACE: EAST (90)

€0C-1 547 ROD  GROWTH

{in,) (im,) (1m.) ($4] ROE  (ia,)
= -

&

(£20.821)

FUEL ASSEMBLY DIMENSIONAL MEASUREMENTS

E0C-1 L ROD  GROWTN

BOL SAP FLUENCE SM. GAP DECREASE GRONTH  STRAIN

(in.) (in,) (i) (§4}

I 238 LM Loam s [ -
2 .382 3. 2 .3 .5
3 .M Im b .32 39
4 .32 LM 4 .32 L2
- .32 LM $ 2,382 .98
5 .32 L3 2 3 L
7 .3R L. 7 2.3 LM
El 2.782 L E] .3 LW
9 .32 1.8% ) .3 LW
10 .32 L& i .m LW
1 2.382  L.848 w3 L%
12 2.3 LM 12 .3 L
13 .3 L 13 2382 L
.32 LIS e 2.382 LI
159 .3 L 15 2382 3.a7
I .38 L I .32 LM _J
- s -
FACE: SOUTW (180) FACE: WEST (270
(= I EOC-4 Sap ROD  GRONTH 4 EOC-1 P ROD  GRONTH
BOL BAP FLUENCE GSH, GAP DECREASE SRONTH  STRAIN BOL AP FLUENCE SM, SAP DECREASE GRONTH  STRAIN
ROD  (ie.) (EX0.821) (in.) (in,) (19.) 44} ROD (in.) (ED0.821) (in.) tin,) lin,) (4]
I wm am I a3 LM )
2 2.J82  3.481 2 .32 L
3 382 L8 3 .32 LA
B 23 I : .382 LA
S L LI S .382 .82
5 .32 Lm B .32 .3
? .3 I ! .3 L%
H .382 LW : .382 .43
§ 23R L § .382 L.
10 <2 LM 0 .3 L&
14 3R L 1! .32 L
12 .382 L7I0 12 3R L.
13 .32 L™ 13 238 LW
" “oll  J.ee? W aIm  Lm l
s .32 L5 19 2.3 Lo i
16 L3R 3.5 - - i LI AT L J

I) MONINAL BOL SWOULDER SAP= 2382 in,  WOTE: ALL AEPORTED FLUENCE WUMGERS ARE 1 10 EE 2 w/CM#
2) AVERASE BUIDE TUBE SRONTWs | 1

1) WERAGE SUIDE TUBE FLUENCEs 3,188

4) WV, BOL RCD ACTIVE LENETWs 130 i,

FLUENCES :ALC%A.T? FOP £00.821 ARE ADJUSTED TO ACTUAL BURNI® OF 4B £FPD




FUEL ASSEMBLY DIMENSIONAL MEASUREMENTS

ASSEMBLY SERIAL W0, UL

FACE: MORTH (O) FACE: EAST (%0)
OY 1 EDCel  BAP ROD  GRONTH CY ) E0Ce1 e ROD  GAOMTH
BOL GAP FLUENCE SN, BAP DECREASE SRONTH  STRAIN BOL BAP FLUENCE SM. SAP DECREASE GRONTH  STRAIN
ROD  (in,) (ED0.821) (in.) {1n.) (1n.) (1) ROD  (in.) (E0.821) tin,) (in,) 1in,) [
) 20m 3.723 - 1 zom ;071‘ r
! um L ! uam Lm
B B N LT M B B N7
¢ s LM L
§ .M LM LR 5 B
b 382 e & .3 e
7oL e 7AW L
R R o L {
Y .32 L ' oam Law
10 2382 .8 0 a3 L |
238 L a3 LS
2 um LW 2 2.3 L%
13am L 13 a3 Lest
TR I W o2 3
5 um L 15 . L
b oum o onm | 4 2w L | i
FACE: SC''TH (180) FACE: MEST (270)
OY 1 EMel RD  GRONTH CY 1 EDC-1 AP ROD  GRONTH
BOL 6AP FLUENCE SN, BAP DECREASE GRONTH  STRAIN BOL GAP FLUENCE SN, BAP DECREASE GROWTH  STRAIN
ROD (im) (EDO.B21) (ie.) (in.) in,) 13 ROD  (1e.) (EX0.821) (iny) (in.) (in,) §3)
AT PR T IS T TR I TN TR NI NI FUSISSSINIRI L FUSISIES IR TR NI R I NN Y ENI I NI TR IS TE S SIS ESEINE NN FERN RS
Lowm L [ v owm [ M
2 L L ! LW LW
ToLm L M BT N
L Lk ¢ LM LS
LR . I § L s
X R i VoL LW
7ouLm L | 7oL L
P LM LW l Io.Im an
T LW ' Y L LM
B . L I um s
LM L | .32 .M
2 .M L : 1223 L%
3 2.2 ; 3. e
WL L ‘ o Le%
15 a3 LM ‘ s .3 LT ,
i nm o Lw | 4 o uIMm LT J
1) MOMTRAL 30U SHOULDSR M+ 1.381 in. MOTEL Al. REPORTED »LUENCE WUMBERS WAE | 10 EE 21 W/CAwe2
2) SVERAGE SUIDE TUME SRoTwe [ ] FLUENCES CALCULATED FOR £)0.82! ARE ADJUSTED T0 ACTUAL BURNUP OF 448 EFPD

3) AVERASE SUIDE TUBE FLUENCE: 1,072
&) AVE. BOL ROD ACTIVE LENETHs 130 1,
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FACE: NORTH (0)
i E0C-1

BOL GAF FLUENCE S, AP DECREASE GRONTN

ROD  (in.! (E20.B21) ign.)

FUEL ASSEMBLY DIMENSIONAL MEASUREMENTS

mmnmwum-

| 1.082  2.983

2 1.682 .03

3 L.o82 158

4 L.o82 212

H L.ol2  3.2%8

3 1682 3.308

? a2 LW

8 1,082 3,008

§ L2 W2

0 LeR2 ke

I Le82  L.4ee

12 1682 L5011

13 L2 L5
WL L5

15 o8  lam

I 1.e82 3.4 L
FACE: SOUTH (180)

e i -1

BOL AP FLUENCE SK. AP DECREASE SRONTH

ROD  (in.) (E)0.B21) (in.)

1 682  3.504
2 L6082 L%
3 L6823
L) L0802 LI%
L] L.o82 1.3
[ L.o82  3.52%
? 1.682 L3I
8 L6822 .50
L 1.682  1.4M
10 L2 LW
1 1082  3.402
12 L2 LM
! L.o82  LI%
L2 L
15 1.e82 193
s L2 LM

1) NORINAL BOL SHOULDER Gape

ASSEMBLY SERIAL W0,
BAP ROD SRONTH
STRAIN
{in,) (in.) {3
—
-
SaP R0D  GROWTH
STRAIN
(i) (1a,) 8 4]
—
i

1,682 in,

"D avmage sunoe e seovte

1) AVERAGE SUIDE TUBE FLUENCS:
4) V6, BOL ROD ACTIVE LENETHs

.8
150 1,

208
FACE: EAST (%0)
ey | £0C-) AP ROD  GROWTH
BOL GAP FLUENCE SN, AP DECREASE SRONTH  STRAIN
ROD  (in.) (ED0.821) (in.) (in.) {18,) (1)
mmmmu.
Lo e [ .
2 1682 3159
3 1,682 3.228
[ 1L.682 3.2
S 1L.682 3.8
s 1,682 .27
7 l‘m 3lm
] 1L.e82 3,200
- 1.582 Lim9
10 L6822 3.1e0
1 1.682 LT
12 L. 31%
13 1,682 AL
14 1,682 3,09
15 LeRZ 3008
I 1 282 2.98% L J
FACE: WEST (2700
(4 1 £0C-1 R ROD  GRONTH
BOL SAP FLUENCE M, GAP DECREASE GRONTH  STRAIN
ROD  (in) (E20.821) (im.) (in,! (in,) ()
mummm:
I LA L [
2 1682 .43
3 1082 1.%!
] 1,682 3.5
S 1,682  3.%¢
s L6682 .58
? 1L.482 L5
3 1,682 .59
9 1,682 1.5%2
10 1,682 1.58
1§ 1,682 .5
12 l.e82 3.580
13 L6822 L.%88
" 1,682 J.%82
1S L6822 3504
16 1.682 3.5

NOTE: ALL REPORTED FLUENCE WURBERS ARE @ 10 EE 21 W/CWes2

FLOEATIE CALCULATED FOR £20.821 ARE ADJUSTED TO wCTUAL BURNGF OF seg EFPD
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FUEL ASSEMBLY DIMENSIONAL MEASUREMENTS
ASSEMBLY SERIAL W0, 10224

FACE: MORTH (0) FACE: EAST (%0)
(% EOC-| ORP ROD  BROWTH gy | £0C-1 Ll ROD  GROWTH
BOL GAP FLUENCE SW. BAP DECREASE SRONTH  STRAIN BOL 5AP FLUENCE SH, SAP DECREASE GROWTH  STRAIN
ROD  (am.) (EX0.821) (in.) (in,) {in.) (3] ROD  (imo) (ED0.8201) (1n,) {in.) in.) 44}
mmwmm “m-m-umuw
I L2 L 1 bk e [ 3
2 .42 L 2 Lo82 LM
3 Lo82  Lae 3 1.682 3830
. ) 1.682  3.819 ] 1082 L0
3 l.082 3,820 S 1,682  3.88%
5 1.682 .02 s 1.082  1.882
7 1.082 3,831 7 1.082 LM
3 1.682 1.838 § 1.682 3,888
§ L2 LA L 1,682 1.888
10 1682 3.8 10 L2 L%
1 1L.682 L84 11 1,682  l.842
12 1,682  3.809 12 Lo 3.8
13 1682 L. 13 LM LW
i .82 LM LR LD
IS LR L0 15 L2 LN
FACE: SOUTH (180) FACE: WEST (270)
(4 £0C-1 3P ROD  BRONTH 2 I E0C-1 SAF ROD  GROKTH
BOL 5AP FLUENCE SK. BAP DECREASE GRONTH  STRAIN BOL 847 FLUENCE SN, BAP DECREASE GRONTH  STRAIN
ROD (i) (EX0.B21) (ime)  tim.)  fime) (1) ROD  (im.) (E20.821) (im.)  (im)  (im.) $4)
m-wm SITISISIIIETTISTETRILITTER TSI THSI CT I IV BT ZSTE LT ST KW B9
I L2 M E tonee L [ .
2 1.082 3.702 2 e L
3 1.082 3093 3 1.682 33LMM
: 1.082  3.008 - 1.682 3,807
3 1.682  3.810 S 1.682  3.806
[ 1,682 L.81% & 1.682 .81
! .2 3.8 ? 1.682 L2
3 1.682 3.838 3 1.682 3.832
9 1.682 .84 § 1,682 .82
0 .82 3. 10 L2 822
1 L2 3 1 L L
12 L2 LRl 12 1.682  3.80%
13 1.082 3.8 13 1.682 1.803
LR L W L Im
15 .82 L3 15 L2 LN
 Le2 L | o 6 LB em _

1) NORINAL BOL SHOULDER Saps 1. 682 in, NOTE: ALL REPORTED FLUENCE WUMBERS ARE 1 10 EE 2! W/CMeg

2) AVERABE SUIDE TUBE SRCWTWe [ J FLUENCES CALCULATED FOR £)0.82! ARE ADJUSTED 70 SCTUAL BUBRLP 0F WG TFRD
1) AVERAGE SUIDE TUBE FLUENCEs 3,189

&) AVE. BOL RDD ACTIVE LEMGTHe 130 i,

A N TP RO



ASSENBLY SERIAL N0, P2C00S
FACE: NOKTH (0) FACE: EAST (%0)
ty | €3C-1 oRf ROC  BROWTH (% |
BOL 6AP FLUFXCE SK. 54 DECREASZ SROWTH STRAIN

B0 fin.) (£)0.821) tie.) (in,) {in,) 1) ROD  (im.)  (E)0.821)
mmwmmmuuu

123 143 "‘ I L L
2 .382 1.4 b .32 L
3 .32 .M 3 382 ILn
4 2.382 1.M8 ) 232 n
S L3828 v 382 3,100
B LI LW B 3R Lo
7 .18 1.M8 7 2,382 L%
] .382  1.ue 8 382 2%
9 2,382 1M 9 2,382 .66
10 2,382 1.4 10 .32 2.5
23R LW I 23 .
12 23 1L.us 12 2382 2203
13 .38 .M 3 23 .0
i .38 1, g .3 1.84]
19 23 1. 15 2382 1.3
ié .38 1,436 - i b 2.3R 1,436
FACE: SOUTH (180) FACE: WEST (270)

ey | E0C-1 SAF ROD  GROWT 4 I
BOL 8AP FLUENCE SH, BAP DECREASE GRONTH  STRAIN

R0 (in.) (EXO.B21) tin.)  Gim)  tiny) 1) ROD  (in.) (£D0.821)
MW“

1 wm L [ H I3 1.4
? .32 L+ 2 3 1.
3 .32 3.3 3 .38 1M
i .32 .3 ) .32 L0
] .382 L0 S L3R 2,203
& .3 L3 6 .3 .
? a3 LW 7 .3 LS5u
3 .38 3% 3 .382 2.6
§ .32 L3 ¥ 3 .M
0 2.382 LI 10 2.3 .
] 2.382 3.3 11 3R o
12 .32 3. 340 12 2,382 00
13 .92 1.3 13 23R LN
I .38 .18 .38 LW
13 LM . 15 .32 L3
wooam L | Jwoum L

I} NOMINAL BOL SMOULDER 4MPs 2,382 in,
2) AVERABE SUIDE TUBE sRowTwe T

1) AVERAGE BUIDE TUBE FLUENCE:  1.188

&) AVE. BOL ROD ACTIVE LENGTHs 130 1a,

FUEL ASSEMBLY DIMENSIONAL MEASUREMENTS

£0C+1 BAP ROD  GROWTH
BOL 547 FLUENCE SN, SAP DECREASE GROWTH  STRAIN
(in,) {in,) (18,) (1)

:

anm-uu“

o

(1 | SAF ROD  GROWTH
BOL 6AF FLUENCE SW, BAF DECREASE SROWTH  STRAIN
(10,) (in,) {in.) § 4]

—

NOTE: ALL REPORTED FLUENCE WUMBERS GAE I 10 EF 21 N/Ches2

FLUENCIE TALCCLATED FOR 000,821 ARE ADJUSTED 10 ACTUAL BURNUSP OF 448 110
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FUEL ASSEMBLY DIMENSIONAL MEASUREMENTS

ASSEMBLY SERIAC MO, P2C02s

FACE: NORTH (0) FACE: EAST (90)
OY 1 Ol A 0D BRONTH AR ROD  GRONTN
BOL SAP FLUENCE SW. GAP DECREASE GRONTN  STRAIN B0L AP FLUENCE SH. BAP DECREZJE SRONTH  STRAIN
ROD  fin.) (E)0.B21) (1a,) {in,) (in,) (1) ROD  (ims) (ED0.B210 (in.) (3R} (in) (1)
| mww“m u“m“uumm-m
' 123 0% - 1owm owm -
? um o ! LM oL
I LM oM 3. L
¢ om0l L8 LS
238 0.9 $ . L
s .32 1078 B .30  1.482
1L 1% ToLm L
P a2 0 L 13
9 .38 1316 9 .3 1.234
TR - 0 .3 L%
TR - BN 13 1.8
2 L.m LM 2 2382 0.9
13232 L.k 3 2 o3
LM L 4 2382 0.831
15 a3 L.l 15 a0
Womom | Jd woam oo | i)
FACE: SOUTW (180) FACE: WEST (20)
OY ! EOC-l  BAP ROD  BRONTH CY1  EDC-l AP ROD  GRONTH
BOL AP FLUENCE SW. AP DECREASE GRONTH  STRAIN BOL 6A% FLUENCE SM. GAP DECREASE GRONTH  STRAIN
ROD (in.) (EX0.821) (in.) (in,) (in,) (1) ROD  (ie,) (EX0.B21) (in.) (in,) tin,) ()
NI I R IR NN I I SIS LIRSS SRS ST I PR 2 R R R R R R R R R T T
t e wawm [ . boonm 1w [ -
2 um e 2 LM Lw
I um L Ioume L
¢ LM Lan Lm0
s a0 s w1k .M
P I boam L
7. L 7 oam L
a2 P e
Y LM W Y LI LW
0 M M 0 .32 am
LM L LM L% |
2 .38  2.%0 12 2.1 i
2 oum LW 13 2.3 um
LM .2% L LI
1S .32 2108 1§ 232 L8
: woam oum | ] . Lm0 | N

[) NOMIMAL BOL SWOULDER SAP+ 2382 1n,  NOTE: ALL REPORTED FLUENCE WUMBERS ARE 1 10 EE 21 W/CWW2
20 AVERRGE BUIDE TUBE BRONThe [ J FLGBALES CALCULATED FOR £20.821 RE ADJUSTED T0 ACTWWL BURMUP OF 44
I) AVERAGE SUIDE TUBE FLUENCEs 1.78)

) WG, DOL ROD ACTIVE LENETWe 180 1a, M ® DOt 3easured




FUEL ASSEMBLY DIMENSIONAL MEASUREMENTS

ASSENBLY SERIAL WO, FICII4

FACE: NORTH (D) FACE: EAST (30)

er £0C-1 SAP ROD  sRONTH gy | E0C-1 SRF ROC  GROWTH

BOL AP FLUENCE SN, GAP DECREASE SADNTH  §TRAIN BOL AP FLUENCE S, 8AP DECREASE SRONTH STRAIN
ROD G (EX0.821) (i) (in,) {in,) 1) ROD  (in.)  ()0.821) tia,) (in,) (in,) .
memmm m”mmumnmm
booam e [T I L 1
2 LI L0 2 .382 53
3 .38 LN 3 .38 L%
3 .382 .08 ) 3R LB
s .38 3.80% 3 3,382 L0
s .38 3.803 s .38 L%
? .38 L ? 3R LM
8 .3 L 3 .38  3.803
L) .32 3.80¢ § .32 L2
0 . L 10 2.382 L8l
. LW i 2382 3.808
12 . L 12 2382 .80
13 2. 3. I3 2382  3.006
I 2,382 3098 W .32 LM
15 w2 Lm 15 a0
T

W . ILm L ) 6 I8 .M M .
FACE: SOUTH (180) FACE: WEST (270)

ev i £0C-1 BaF ROD  GRONTH ey | EOC-| el ROD  GRONTH

BOL 6AP FLUENCE SK. SAP DECREASE GRONTH  STRAIN

BOL SAP FLUENCE M. BAP DECREASE GRONTH  STRAIN

ROD  (im.) (£20.821) (in.) tin.) (in,) 44) ROD  (im.) (E)0.821) lin,)

Wmm

o L [ 1 Lowm [

2 am L 2 L L

3 .12 L4 3 .38 Lo

(RN . - I W) ¢ LM LM

S .38 LS S .3 LW

6 2m L bW LW

7oA LS ?oum LM

LI - WY I 5. - I S

LI .- B 87 LIS 5 - B YT

10 .32 L0 0 23 L,

.32 3.8 11 a2

12 .32 .88 12 .3 L8

13230 L. , 13 M Lo

1 .32 3.0 | .3 MM

15 am  Lsm 15 . L

W a3 Lo W L3 L |
b - —

1) MONINAL BOL SWOULDER SAPs 2
1) AVEReel buiDE TUBE SA0NTwe [
3 AVERAGE BUIDE TUBE FLUENCEe 1

&) &VE. BOL ADD ACTIVE LENGTHs 130 1n,

NOTE: ALL REPORTED FLUENCE MUWBERS ARE I 10 If 21 W/0We#]
FLUENCES CALCULATED FOR £)0.821 ARE ADJUSTED TO ACTUAL BURNUP OF 448 EFPD

(in,)

lins)

(44

izsssamasrseEn Ty '...MW
o

J




