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1.0 INTRODUCTION

The 17x17 fuel assembly is in extensive operation in recent Westinghouse
3=loop and 4-loop reactors with power up to 3800 MWT and average linear power
of approximately 5.3 kw/ft. This design extends fuel capability beyond that
of the 15x15 design in use to date in reactors of this size. It was adopted
primarily in response to the lowered average kw/ft requirements imposed by the
AEC Interim Acceptance Criteria. While the primary intent of the design s to
reduce stored energy in fuel rods for LOCA conditions, it is also expected
that rod bow will be decreased because of the shorter grid span lengths
characteristic of the 17x17 design.

The NRC has required that fuel surveillance inspections be performed on the
first several 17x17 plants to go into operation, including Beaver Valley
Unit 1, to verify satisfactory fuel performance.

The purpose of the Beaver Valley fuel examination was to evaluate the
mechanical integrity of fuel rods and fuel assembly structural components,
fuel surface condition, rod-to-nozzle gap and fuel rod bow, and to compare the
Beaver Valley fuel performance with that of other 17x17 fuels.

Beaver Valley Unit 1 completed Cycle 1 in November, 1979 Thirty-five fuel
assemblies were non-destructively examined with underwater television and a
large number of assemblies were binocular examined. The visual examination
showed the assemblies to be in excellent mechanical condition.(l)

Cycle 2 of Beaver Valley Unit 1 was completed in December, 1981. One hundred
fifty-three (153) fuel assemblies were binocular examined and thirty (30) fuel
assemblies were TV visually examined with underwater television consistent
with the planned program. Of the thirty fuel assemblies, ten fuel assemblies
were selected as representative fuel assemblies from Regions 2 and 3 and the
remaining twenty fuel assemblies were examined for possible effects of coolant
cross flow through baffle joints. In addition, several assemblies,
supplementary to the planned program, were examined due to fuel handling
problems.(z)

1-1
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2.0 BEAVER VALLEY UNIT 1 FUEL DESIGN

Duquesne Light, Beaver Valley Unit 1 is a 3-loop 17x17 reactor with 2652 MW
thermal power rating. The fuel in Beaver Valley Unit 1 is of the low
parasitic design. Each of the 157 fuel assemblies in the reactor core
contains 264 Zircaloy-4 clad fuel rods. Each rod is approximately thirteen
feet long and contains a twelve-foot long column of fuel pellets. Spacing
between the fuel rods is maintained by eight Inconel 718 alloy grids nearly
equally spaced along the length of the fuel rods. In each fuel assembly, the
top and bottom nozzles and the eight grids are attached to twenty-four
lZircaloy-4 thimble tubes which extend between the nozzles anc through the
eight grids. In the Region 5 fuel, pellet density was 95 percent of
theoretical density, and the fuel rods were prepressurized with helium

to [ ] psig. In Table 2-1, several Beaver Valley Unit 1 core design (a,c)
and operating characteristics are compared with those of Salem Unit 1

(Public Service Electric and Gas Co.), and Trojan (Portland General

Electric Company) reactors.

While physical dimensions of the Beaver Valley Unit 1 fuel are the same as in
the standard 17x17 design in the Salem Unit 1, Salem Unit 2 and Troian
reactors, the nuclear and thermal characteristics are not identical. Core
average linear power is lower in Beaver Valley than Trojan arnd both Salem
units.

1059L:6/840206
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TABLE 2-1

CORE DESIGN AND OPERATING CHARACTERISTICS

Beaver Valley Salza Saiem
Unit 1 Unit 1 Unit 2

Trojan

UO2 Enrichment w/o0 U-235

Region 1
Region 2
Region 3
Region 4
Region 5

Coolant Temperature
Hot Zero Power, °F
Initial Inlet
Initial Core Ave.

HFP, °F

Operating Coolant Pressure,
psig

Average Linear Power kw/ft

10591 : 6/840206 &2
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3.0 S8EAVER VALLEY UNIT 1 THIRD CYCLE OPERATING HISTORY

Beaver Valley Unit 1 achieved criticality in the third cycle in July, 1982 and
completed the third cycle in June, 1983 with Cycle 3 average burnup of 10,637
MWD/MTU. A brief summary of region burnup and powers is given in Table 3.1.
The Cycle 3 core loading pattern is given in Figure 3-1.

The activity of the fission products I-131 and I-133 in the primary coolant
was measured during Cycle 3 to monitor the defect condition of the fuel.
Iodine activity is an important indicator of fuel integrity. Although there
is no quantitative correlation of activity with the number of fuel rod
defects, because large defects release more activity than small defects and
because reactor power transients cause sudden transient activity increases or
spikes, activity levels in a general sense reflect the condition of the fuel.
The 1-131/1-133 activity ratio is an indicator of the type of defect. A Tow
I-131/1-133 ratio results from an open fuel rod defect, one which allows rapid
release into the coolant of potk the longer half 1ife I-131 and the shorter
half 1ife I-133. A closed defect restricts release of iodine from the fuel
rod and since the short-lived I-133 decays to Xe 133 more rapidly than does
the I-131, the ratio of I-131 to I-133 in the coolant is higher. A ratio of
0.1 to 0.3 indicates rapid release through an open defect, and a ratio greater
than 0.5 indicates delay of iodine release through a tight defect. Figure 3-2
shows the activity in the coolant during Cycle 3. All iodine measurements
reported here were made at or near full power, thus avoiding transients or
spikes associated with increasing cr decreasing power.

Cycle 3 began with a coolant activity of ~3x10°3u Ci/g I-131 with an
[-131/1-133 ratio of ~ 0.25. The coolant activity level was essentially
unchanged from the end of cycle 2; however, the ratio was considerabl, lower
than the EOC 2 Iodine ratio of 0.6. This decrease in ratio indicates removal
ot some fuel rods with tight defects at EOC 2. The BOC three I-131 level
indicates the presence of a few rods with more open defects. Additional rods
defected during Cycle 3 indicated by an increasing I-131 activity level to
9x10'3u Ci/g with a constant lodine ratio through March. These defects

are alsc of an open type.

1059L:6/840206 3-1
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TABLE 3-1
Power and Burnup History Summary for Beaver Valley Unit 1

Cycle 2 Cycle 3
Burnup Average Power Burnup Average Power
f {MWD/MTU) —Akw/fe)

(a.c)
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Further defect formation events occurred in March through May with the I-131
2, Ci/q and 1-131/1-133 ratio of
~ 0.5. The increased lodine ratic indicates these later defects are of a

activity level increasing to 2x10”
different nature and are tight defects.

Figure 3-3 shows boron-lithium concentration for Cycles 1, 2, and 3. Beaver
Valley operated in a crud dissolving mode for all three cycles. The critical
solubility curve of Figure 3-3 represents the dividing l1ine between c ud
precipitating and crud dissolution based on the crud transportation processes
developed by westinghouse.(3) Below the solubility curve, there is a

tendency for magnetite precipitation on hotter surfaces, assuming a saturated
solution. Above the curve, the solubility of magnetite increases with
temperature; thus there should be a tendency to dissolve the material from the

(4)

core surface, or at least to retard the precipitation.

1059L:6/840206
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TABLE 4-1

Beaver Valley EOC-3 Binocular Examination of Assemblies

Region 1 Region 3 Region 4 Region 4a Region 5
A26 co1 D01 ZD1 EO1
co2 D02 02 E02
€03 D03 EO03
co4 D04 E04
C05 D05 EOS
C06 D06 E06
co7 D07 EQ7
cos D08 EO8
co9 009 E09
C10 D10 E10
Cl11 D11 Ell
€12 D12 El2
C13 013 E13
C14 D14 El4
C15 D15 E1S
C16 D16 E16
Ci7 D17 E17
ci8 D18 E18
C19 019 E19
c20 D20 E20
c21 021 E21
€22 D22 E22
€23 D23 E23
c24 D24 E24
€25 D25 E25
C26 026 E26
c27 027 - E27
c28 D28 E28
€29 D29 E29
€30 D30 E30
€31 031 E31
€32 D32 E32
€33 D33 E33
C34 D34 E34
€35 D35 E35
€36 D36 E36
€37 D37 E37
€38 D38 E38
€39 D39 E39
Ca0 D40 E40
C41 D4l E41
c42 042 E42
€43 D43 E43
4-2
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TABLE 4-1 (cont)

Region 1 Region 3 Region 4 Region 4a Region 5
Ca4 D44 E44
C45 D45 E45
C46 D46 E46
ca7 D47 £E47
ca8 D48 £48
C49 D49 £E49
€50 D50 E50
€51 E51
€52 E52

4-3
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Figure 4-1 Surface Condition of Peripheral Fuel Rods in Beaver Valley Fuel Assembly
C49 Face 3 Left Side EOC-2 and EOC-3 (Sheet 1 of 4)
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Figure 4-1 Surface Condition of Peripheral Fuel Rods in Beaver Valley Fuel Assembly
C49 Face 3 Left Side EOC-2 and EOC-3 (Sheet 3 of 4)
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Figure 4-1 Surface Condition of Peripheral Fuel Rods in Beaver Valley Fuel Assembly
C49 Face 3 Left Side EOC-2 and EOC-3 (Sheet 4 of 4)
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TABLE 4-3

Beaver Valley Unit 1 EOC-3

TV Visual Examination

Comment

Examined at EOC-2

Examined because of handling

concerns

Examined because of handling

concerns

Examined because of handling

concerns
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8050-5

Figure 43 Example of White Clean Mark on Grid 6
on Face 2 of Assembly E43
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TABLE 4-6

Fuel Red Channel Closures [ ] Percent in
Beaver Valley Unit 1 Fuel at EOC-3

Face Span Rod EOC-1

EOC-2

(a,c)

EOC-3

€15

€39

C49

co3

coé

4-16
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r ] (a,c)

M = spacing between two adjacent fuel rods at mid-span location between grids

T = spacing between two adjacent fuel rods at the top of the grid span

B = spacing between two adjacent fuel rods at the bottom of the grid span

The largest closure observed at the end-of-cycle 3 was [ ] (b,c)

[ ] percent. This was the channel closure between rods 5 and €, span 3, (b,c)
face 4, of fuel assembly CO6. The closure is shown in Figure 4-4. This
channel was [ ] percent closed at EOC-1, and [ ] percent closed at EOC-2. (b,c)

The axial variation of channel closure in each region is shown in Figure 4-5.
The span 1 closure in Figure 4-5 has been normalized to compensate for the
longer length of the first span (24 inches in span 1 and 20 inches in the

upper span). The closure in span 1 was normalized by the ratio

(g%)z. (This is derived from the ratio of flexural rigidity

(1/1)2 between 24-inch-span and 20-inch-span). The worst span closure
occurred in span 1 for the Region 3 assemblies measured as can be seen in
Figure 4-5. Figure 4-6 shows the 95th-percentile closure in the worst-axial
grid span of Beaver Valley Unit 1 at EOC-1, EOC-2 and EOC-3 as well as Surry
7-g~id 17x17 assemblies, Trojan 8-grid 17x17 assemblies and Salem 8-grid 17x17
assemblies. The rod bow design limit curve approved by the NRC is also

shown. The Surry data (7-grid) have been normalized to the same length as the
8-grid standard 17x17 fuel in other reactors. As seen in Figure 4-6, Beaver
Valley Unit 1 closures are well below the design curve for the 8-grid 17x17
design and consistent with other data.

1059L :6/840206 17
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8050-6

Figure 4-4 Maximum Channel Closure [ ] Percent, Assembly b,c)
C06, Face 4 Span 3 between Rods 5 and 6
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3760
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Figure 4-5 EOC-2 Axial Variation in 95th Percentile Peripheral Fuel Rod
Channel Closure in Beaver Valley Unit 1
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4.2.5 Peripheral Fuel Rod-To-Nozzle Gap and Rod Growth

The axial gap between peripheral rod and assembly nozzle for five (5)
assemblies, C03, C06, C15, C39, and C49 was measured from the low
magnification image on the television video tapes.

The Tow magnification television measurements of rod-to-noz.le gaps were
calibrated for each fuel assembly face by measuring the video tape image of
several grid springs on the outside straps in the top gr.d and bottom grid.
The spring slot lengths on the top grid, on each individual face, were
averaged anc used as the standard for the top rod-to-nozzle gap measurements
on that face. Similarly, the spring slot lengths from each bottom grid were

averaged and used as a standard for the bottom rod-to-nozzle gap measurements
on that face.

Appendix B contains the fuel rod-to-nozzle data for each of the five (5)
assemblies that had measurements taken. A summary of these results is found
in Table 4~7. The average bottom gap for Region 3 was [ ] inches, and (b,c)

the average top gap for Region 3 was [ ] inches. The average total gap (b,c)
for Region 3 was [ ] inches. (b,c)

The average percent change in bottom gap for Region 3 was [ ] percent, (b,c)
with a minimum of [ ] percent and a maximum of [ ] percent. (b,c)
Figure 4-7 shows percent change in bottom gap as a function of burnup for the
five (5) Region 3 fuel assemblies from which data were obtained. Figure 4-7 also
includes data from other plants as well as the data from Beaver Valley Unit 1,

end-of-cycle 2. It can be seen from Figure 4-7 that the bottom gap decreases
continuously with burnup.

The average percent change in top gap for Region 3 was [ ] percent, with (b,c)
a minimum of [ ] percent and a maximum of [ ] percent. Figure 4-8 (b,c)
shows percent change in top gap as a function of burnup for the five(5) Region 3
fuel assemblies from which data were obtained. Figure 4-8 also includes data

1059L:6/840206 4-21
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Table 4-7
Summary of Fuel Rod-To-Nozzle Gap Data

Percent Change

Total Gap Rod Growth _Bottom Gap _

Percent Change
Top Gap

Percent Change

lotal Gap

(b,c)
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from other plants as well as the data from Beaver Valley Unit 1, end-of-cycle
2. It can be concluded from Figure 4-8 that the top gap changes little with
burnup through this level of exposure.

The observation of burnup dependent bottom gap, and burnup independent top
gap, supports the interpretation that the fuel rods grow predominantly
downward until the bottom gap is fully closed. There are occurrences,
however, of occasional fuel rod slippage downward through the grids as
evidenced by the negative values recorded for the percent change in top gap.
The gap data obtained for the Beaver Valley Unit 1, 3-cycle assemblies
indicate that ar adequate rod-to-nozzle gap exists to accommodate continued
rod growth for further cycles of irradiation.

Fuel rod growth for each rod examined was derived from the rod-to-nozzle gap
data and the predicted fuel assembly growth based upcn data from other es.

Fuel rod growth was derived from the gap measurements using the eguation:

Rod Growth = 100 x é:%:E

P
1]

Preirradiation nominal total gap

B= Irradiation change in nozzle-to-nozzle length (Measured preirradiation
nozzle-to-nozzle length times the FOC~3 assembly growth)

C= EOC=3 rod-to-nczzle gap

D= Preirradiation nominal rod length

Fuel rod growth after three cycles of irradiation ranged from [ ] (b,c)
percent to [ ] percent with a mean of [ ] percent for Region 3. (b,c)

Individual assembly data is in Appendix B. A summary of the fuel rod growth
data is found in Table 4-7.

1059L : 6/840206 4-25
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Figure 4-9 plots the combined rod growth data for the five (5) Beaver Valley
Unit 1 assemblies as a function of fast fluence, together with data from
several other plants. The Beaver Valley Unit 1, end-of-cycle 3 data are
consistent with the data obtained from other plants.

4.3 Fuel Assembly Length Measurements

Fuel Assembly length measurements were performed on sixty (60) fuel assembli:s
(1isted in Appendix A) from Regions 1, 2, 3, 4 and 5. The results of the
assembly length measurements are also given in Appendix A. A summary of the
assembly length data is given in Table 4-8.

The assemblies were found to have grown from [ ] percent o [ ] (b,c)

percent larger than their unirradiated nominal fuel assembly length. This is
typical for fuel with one to three cycles of irradiation.

1055L:6 /840206 4-26



GROWTH (percent)

10

WESTINGHOUSE PROPRIETARY CLASS 3

3760

b OO NDDO -
T 1T T 1T

w
T

100

Ty

|

& OO v

10~

(b, c)

- " ' -

101

2 3 4 56 78910° 2 3 4 56 78910
ASSEMBLY AVERAGE FAST FLUENCE (x 102" n/em?) (E > MeV)

Figure 4-9 Fuel Rod Growth Variation With Fluence
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APPENDIX A

Beaver Valley Unit 1 Cycle 3
Fuel Assembly Growth
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APPENDIX B

Fuel Rod-To-Nozzle Gap Data
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