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SECTION 1
INTRODUCTION

This revision to WCAP-8183 provides the cumulative operating experience
of Westinghouse Zircaloy-clad fuel rods and other associated core compo-
nents up to December 31, 1979. This report, revised annually, is a
supporting document to safety analysis reports for licensing purposes.
The NRC safety analysis report requirements(l) for evaluating fuel and
core component failure and burnup experience are met by this report.

Section 2 summarizes Westinghouse experience with Zircaloy-clad fuel.
Section 3 presents a fuel experience overview, including fuel perfor-
mance for generic problems common to a number of plants, along with
solutions to these problems. Section 4 discusses and evaluates other
core component experience,

The data on which the overview is based are given in Section 5.



SECTION 2

SUMMARY OF OPERATIONAL EXPERIENCE IN
WESTINGHOUSE CORES WITH ZIRCALOY-CLAD FUEL

Westinghouse has nad considerable experience with Zircaloy-clad fuel
sin.e its introduction in the Jose Cabrera plant in June 1968.

As of December 31, 1979, there were 31 commercial PWRs thal have used
Westinghouse-supplied Zircaloy-clad fuel. A total of 771,123 fuel rods
are operating in these reactors. The addition of previously discharged
fuel brings the total number of Westinghouse Zircaloy-clad fuel rods to
1,769,710, This represents 3,697 MTU and a thermal energy production of
73,087 GWD. The average burnup of the discharged fuel is 23,961 MWD/MTU
and the average burnup of all fuel is 20,023 MWD/MTU. (The burrup for
all fuel is lower because of the new [unburned) fuel included in that
number). The region average burnups given in Table 5-1 reflect the
total region average burnup, thus active fuel and discharged fuel in the
same region are averaged together. This method of burnup averaging does
not highlight the individual assemblies with the highest burnups in the
region. During this reporting period 16 plants have been refueled,

A number of fuel regions have been discharged at region average burnups
in the range of 30,000-37,100 MWD/MTU (see Table 5-6). The peak region
average burnup data in Table 5-6 reflects an average of the high burnup
assemblies in a region rather than an average of the total number of

ssemblies in the region. The highest buri ups of .ndividual discharged
fuel assemblies have been in the range of 3&,77".39,900 MWD/MTU. Four
high burnup demonstration assemblies, being irradiated in the Zion Unit
2 Cycle 4 core to 47000 MWD/MTU, are planned to have fuel assembly burn-
ups exiended to a maximum of about 55,000 MAD/MTU. A significant amount
of high burnup experience data has been evaluated for Westinghouse fuel
assembl‘es, (2)

The in-pile performance of Westinghouse fuel has been excellent, In
some cases, coolant activity suggests the presence of a small number of
cladding defects. No cause has been assigned to the apparent defects,
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nor is one necessary since low levels of cladding defects are expected
to be continuously present. The frequency is low enough that it pro-
vides no restriction on plant operation.

Nuclear reactors now operating with Zircaloy-clad fuel have not
experieiced availability limitations due to fuel defects, thus aiding
these plants to continue to exhibit high reactor and plant avail-
abil’ty, Problems have been successfully and promptly corrected.
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SECTION 3
rUEL EXPERIENCE OVERVIEW
3-1 BURNUP EXPEXIENCE

Table 5-1(3) contains a list, in chronological order of plant startup,
of the plarts in which extensive operating experience has been obtained
with Westirjhouse Zircaloy-clad rods in open lattice cores. Taken as an
aggregate, the table indicates the extent of this experience. On the
basis of the total number of fuel rocs, and their collective burnup,
these data provide excellent assurance of the reliability of Westing-
house fuel.

Figure 5-1 contains a graphic representation of the data in Table 5-1
(also includes burnup performance figures from several previous years).
The upper portion of the figure represents the fuel assemblies in ser-
vice and the lower portion of the graph rep-esents discharged assemblies.

The practice of evaluating fuel performance in terms of coolant activity
level is continued. The iodine-131 activity in the coolant is repor.ad
in terms of a percentage of the coolant design basis activity in Table
5-2 for all plants listed in Table 5-1. The coolant design basis activ-
ity varies somewhat from plant to plant depending upon such factors as
reactor power and coclant purification flow rate; however, a value of
approx imately 2 uCi of iodine-131 per gram of coolant water can be

used for purpcses of comparison. Since the coolant design basis activ-
ity was based on an inferred l-percent defect level, the new basis of
reporting (activity) produces a number approximately 100 times larger
than the previous basis (inferred defects). That is, 1 percciit of
design basis activity would previously have been reported as 0.01
percent defected rods. The activities listed for 1975 and prior years,
in which the inferred defect basis had been used, were approximated by
multiplying the numbers for the percent defect level reported previously
by 100. 1In all cases, the activity levels are below the coolant activ-
ity levels ailowed in the technical specifications for the plants men-
tioned in this report.
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Figures 5-2 and 5-3 show the yearly change of coolant activity distri-
butions for Westinghouse-fueled plants. The trend toward lower coolant
activities over the periods reported is apparent. Figure 5-2, which
employs a lugarithmic scale, emphasizes the trend toward lower
activities as the number of plants and amount of operating experience
increases. Again, these data, combined with burnup experience of Table
5-1 ana Figure 5-1, provide substantial proof of the reliabiiity and
performance of Westinghouss Zircaloy-clad fuel.

The distinctions among the regi.ons of fuel in Table 5-1 are useful in

understanding some of the generic fuel concerns presented in paragranh
3'2.

3-2 GENERIC FUEL CONCERNS

The main concerns investigated here are moisture and hydriding, fuel
densiTication, fretting in peripheral assemblies, ramp rate effects on
fuel performance, and fuel rod bowing.

3-3 Moisture and Hydriding

Early in the operation of both the Beznau Unit 1 and the R. E. Girna
units, coolant chemistry indicated the presence of cladding defects.
This situation, which occurred after about 1000 effective full-power
hours of operation, increased over a period of about 1 month. Following
the period of the cladding defect occurrence, coolant activity levels
became essertially stabilized, indicating the cessation of the cladding
defect process. In both cases, normal reactor operation continued until
the scheduled refueling.

At the refueling of each plant, visual examination indicated that
cd:fected rods were confined to Region 3 in both cores. The visual
appearance of the affected rods indicated that local hydriding had
occurred, and led to subsequent cladding defects. The cause of this
local hydriding was confirmed to be moisture contained in the as-built
fuel pellets and released to the claddirg during operation.
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Hydride-initiated cl2dding breach was confined to only two regions, in
which the fuel was characterized by excessive moisture associated with

low pellet density. However, not all low-uensity regions showed evi-
dence of hydridirg.

Since 1970, more than 30 additional Westinghouse PWR cores, as well as
reload regions supplied to the Beznau and R, E. Ginna plants, have accu-
mulated many cycles of operating experience with fuel built to the new
moisture specification. Activity levels in all Westinghouse pl-nts have
decreased more than an order of magnitude compared to plants operating
in 1970, indicating the success of this new specification. All plants
including the 17 x 17 plants are currently operating at or well below a
coolant activity level of 0.05 uCi/g of iodine-131.

3-4 Fuel Densification

Early in 1972, confirmation was obtained that clad flattening and gaps
observed in the columns of fuel pellets in the cores of several pres-
surized water reactors were the result of densification of the fuel
during operation. The implications of these gaps with regard to fuel
rod integrity and reactor safety stimulated a substantial effort to
understand in-pile densification at low temperatures and to define
corrective action(4'5),

By the end of 1972, it was known that low-temperature densification was
caused by the fission-induced resolution of fine pores in the fuel. It
was determined that densification could be practically eliminated by
controlling the pore size distribution and porosity of the fuel. These
factors were known to be dependent upon fabrication parameters, of which
the sintering conditions were the most important(B).

It should be noted that the clad flattening phenomenon was conrined
essentially to fuel rods with either low pressurization or no prepres-
surization,(7) and that its occurrence did not necessarily lead to a
loss of cladding integrity.
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Since 1972, appropriate controls on procedures and specifications for
the product have reduced in-pile densification to insignificant levels,
as shown by the reduction in size and number of gaps in the fuel
columns., Also fuel rods are prepressurized with helium so that clad
flattening does not occur.

3-5 Fretting in Peripheral Assemblies

During refueling of the Jose Cabrera plant in 1971, visual examination
disclosed two broken fuel rods and one partly damaged rod in a
peripheral assembly. In a related case, during the Point Beach Unit 1
Cycle 3/Cycle 4 refueling, a section of broken fuel rod was found on the
lower core plate and traced to a discharged assembly which had been in
service close to a joint in the core baffle. This assembly also had
other damaged rods adjacent to the broken rod.

The cause of the damage in the case of Jose Cabrera has been identified
as the leakage of high-velocity coolant cross-flow through gaps in the
corner joints in the core baffle. The cross-flow caused excessive rod
vibration and eventual fretting through the cladding in the grid support
areas. In the case of Point Beach Unit 1, the rod was believed to have
been thinned by wear caused by cross-flow-induced vibration when in a
peripheral location and severed when hit by an adjacent fuel assembly
during refueling operations. The baffle joints on both plants were
repaired to eliminate the leakage. Inspection and repair recommenda-
tions were made to other affected plants.

During refueling ¢~ the KORI Unit 1 and Ringhals Unit 2 reactors in
1979, fuel rod failure attributable to high .elocity baffle leakage were
identified, These failures occurred at a different baffle joint confi-
guration compared to the previously identified incidents at the Cabrera
and Point Beach plants. KORI Unit 1 had two fuel assembiies affected,
each with two rods having cladding failure. Ringhals Unit 2 showed
indications of a number of cladding failures in three Westinghouse fuel
assemblies and five non-Westinghouse assemblies. For operating plants
peening of paffle joints may be performed during refuesling, if the
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routine fuel inspection and operating coolant activity levels justify
such action, A design modification at the baffle joints is being
implemented to eliminate this type of fuel failure for plants not yet in
operation.

3-6 Ramp Rate Effects on Fuel Performance

A number of indications of defects were observed during the Cycle 3
startup of Point Beach Unit 1 after the refueling shutdown. These
defects have been attributed to pellet/clad interaction due to a rapid
rate of reactor power increase during the startup. After an initial
increase, the primary coolant activity decreased significantly during
the cycle. During the entire cycle, cooiant activity was well below
technical specification 1imits and plant operation was not affected. As
a result of these observations, modest startup limits were implemented
in terms of rate of reactor power increase following refueling or
extended (approximately 30 days) reduced power operation. These
restrictions apply only during the initial startup of a reload cycle;
plant operation may continue during the remainder of the cycle without
any ramp rate restrictions. Therefore, load follow operation may be
conducted without any limitations on ramp rate or frequency of load
cycles.

Since these recommendations were implemented in January 1975, there have
been 76 refuelings through 1979 without any indications of coolant
activity increases. There was one exception in which startup defects
did occur; however, leak testing at the end of this cycle indicated that
the leaking fuel assemblies were largely non-Westinghouse demonstration
assemblies.

3-7 Fuel Rod Bowing
Rod bow has been observed in a large number of fuel assemblies over the

past several years, and considerable attention has been applied toward

understanding both the causes and possible effects of this phenomenon.(s'g'lo)
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The concern associated with the bowing of fuel rods during reactor
operation is that partial or complete closure of the channel between
fuel rods potentially degrades the thermal-hydraulic conditions in that
channel. An empirical model has been developed for predicting the
extent of rod bow that will be experienced during operation. Rod bow
observations have been evaluated for over 1600 fuel assemblies from
approximately 55 regions of fuel at assembly burnups up to about 40,000
MWD/MTU. This base of experience represents an acceptabl» statistical
sample around which future operating behavior may be assessed.

Departure from nucleate boiling (DNB) on fue)l performance must be
addressed in 1ight of the occurrence of rod bow; this concern has
received attention throughout the history of rod bow. The NRC has
reviewed the data base and evaluations presented by Westinghouse and
addressed the subject of rod bow via several safety evaluaticn reports
(SERs) issued to date. The current licensing basis “or operating plants
accouriting for the effects of rod bow are defined by an NRC interim
SER(II) and additional NRC-Westinghouse correspondence(12'13) on

this subject.

In October 1977 a request for a partial rod bow penalty reduction and
supporting test results were submitted for NRC review. An NRC accep-
tance 1etter(13) was issued which essentially eliminated rod bow
penalties for 15 x 15 (14 x 14) fuel and significantly reduced penalties
for 17 x 17 fuel. A revised fuel rod bow report was submitted for NRC
review in September 1979. The report develops revised rod bow correla-
tions for current 15x15 (14x14) and 17x17 (16x16) fuel. The bow cor-
relations are used with the NRC approved partial rod bow function in a
statistical manner to evaluate rod bow DNBR effects. When approved by
the NRC, additional DNBR margins would be available for Westinghouse
fuel to increase operating flexibility.

In April 1979 it was observed that some Region 4 fuel assemblies dis-
charged from the Prairie Island Unit 1 reactor exhibited a high=+ than
normal degree of fuel rod bowing. An investigation concluded that most
of the abnormal rod bow was associated with as-fabricated tubing char-
acteristics in tubing lots made from a specific ingot of Zircaloy 4.
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The Region 4 bow data was confirmed to be within the current Westing-
house licensing basis for rod bow. This data is included in the data
base for the September 1979 revised rod bow report undergoing NRC
review., The specifications for tubing characteristics suspected to
contribute to rod bow have been tightened.

3-8 17 x 17 FUEL ASSEMBLY EXPERIENCE

Four demonstration assemblies of the 17 x 17 design were placed in Surry
Units 1 and 2, two assemblies in each unit. Assembly and fuel rod
visual examinations were performed for all the assemblies after one and
two cycles of operation. The two assemblies in Unit 1 were discharged
in October 1976 after two cycles of irradiation as planned., The two
assemblies in Surry Unit 2 completed their third cycle of irradiation,
and one of these assemblies is to be included for a fourth cycle of
irradiation. Results of all examinations to date verify that the 17 «x
17 design is performing well; the assemblies were in excellent condition
and no anomalies were observed,

The Trojan Nuclear Power Plant was the first plant to achieve one cycle
of operation with Westinghouse standard 17 x 17, eight grid fuel assem-
blies. Reactor coolant activities were normal, indicative of excellent
overall fuel integritv. After one cycle of operation on-site TV visual
fuel examinations and :hannel spacing measurements were performed. The
Trojan data was generally consistent with data obtained at Surry on the
17 x 17 demonstration assemblies.

Six plants of the 17x17 design are now in commercial operation in the
United States. Eight additional foreign plants of the 17x17 design
built by W and ¥ licensees are in operation in France and Japan. The
coolant activities in these plants fall within the range of activities
found in all 14x14 and 15x15 plants. The six domestic plants and two
plants in Japan which contain W built cores are included in Figure 5.2.
Trojan and Fessenheim 1 (France) should complete their second cycle of
operation early in 1980. Most of the other 17x17 reactors should be in
their second cycles at some time in 1980,
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Two demonstration 17x17 Optimized Fuel Assemblies (OFA) were placed into
the Farley Unit 1 Cycle 2 core and two into the Salem Unit 1 Cycle 2
core. The 17x17 OFA employs a slightly reduced fuel rod diameter com-
pared to the standard 17x17 fuel rod while retaininy the same fuel rod
pitch, Also, for the middle six grids, the OFAs use Zircaloy grid
design compared to Inconel Used for standard 17x17 fuel. These design
changes result in a significant improvement in fuel efficiency by
improving neutron moderation and reducing parasitic capture. In the
last quarter of 1979, Farley Unit 1 reached rated power, and Salem Unit
1 was in a power escalation,

3-9 FUEL PERFORMANCE AT HIGH BURNUP

A number of fuel assemblies are now approaching burnups in excess of
40,000 MWD/MTU. Point Beach Unit 2 - Cycle 6, containing one assembly
that will be discharged in March, 1980 at a burnup of about 44,000 MWD/
MTU, is currently operating at a coolant activity of 0.0010 uCi/g of
iodine-131. A second plant, Zion Unit 2 - Cycle 4, contains four assem-
blies that will attain a burnup of about 47,000 MWD/MTU in March, 1980,
and this plant is currently operating at a coolant activity of 0.0015
uCi/q of iodine-131.

The activity levels in both plants have remained constant throughout
their current cycles indicating that no new defects are forming.

3-10 FUEL PERFORMANCE AT HIGH POWER RATINGS

The performance of the fuel in three reactors with high average specific
linear power ratings is shown in the following tabulation in terms of
typical steady-state coolant activities observed (toward the end of each
cycle). Since one of these reactors has operated for four cycles with
no defects and the other two have operated with decreasing numbers of
defects, as indicated by coolant activities, it is apparent the opera-
tion of pressurized water reactors at these high heat ratings has no
measurable effect on the frequency of formation of cladding defects.



Average Specific Typical Steady-State Activities, ,Ci/g

Linear Power Rating Iodine lodine Cesium

Plant ; kw/ft Cycle 131 133 138
L 6.8 1 .00003 .0002 .001
L 6.8 2 .00004 .0004 .001
L 6.8 3 .00003 .0003 .001
L 6.8 B .00002 .0003 -

M 6.8 1 .008 Il .03
M 6.8 2 .0001 .0008 .002
M 6.8 3 .00005 .0005 .002
N 6.7 1 .06 .08 .1

N 6.7 2 .007 .008 .08
N 6.7 3 .008 .03 .05

3-11 OPERATION WITH DEFECTED FUEL

In recent Westinghouse-designed PWRs containing fuel manufactured to
rigid specifications on moisture and pellet parameters affecting densi-
fication, coolant radioactivity levels have been maintained at low frac-
ticns of technical specification limits. Nevertheless, some defects do
occur, and plants are designed to continue to operate until design burn-
up levels are achieved.

Significant experience has been accumulated with fuel operated for one
or two reactor cycles after formation of defects. This experience,
summarized in Table 5-3, has shown that continued operation after loca-
tion of defects does not result in increased coolant activity and that,
in many cases, the activity decreases with time. No Westinghouse reac-
tor has ever been shut down because of deterioration of defected fuel
nor have steadystate coolant activity levels exceeded a fraction of the
Twmits for continued operation.
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3-12 OTHER RANDOM DEFECTS AND HANDLING INCIDENTS

Instances of fuel assembly damage due to fuel handling operations are
summarized in the following paragraphs.

During a May 1974 refue'ing of Point Beach Unit 1 (19x14 fuel) and a
January 1977 refueling of D. C. Cook Unit 1 (15x15 fuel), it was dis-
covered that one assembly in each core had a torn corner grid. Evalua-
tions showed that the damage occurred while the assemblies were being
moved during core refueling operation. Both assemblies were dis-
charged. Adjacent assemblies were not damaged.

During the 1978 Cycle 3/4 refueling shutdown for Zion Unit 1, one Region
5 fuel assembly was observed to have an outside strap at one grid corner
torn-off. This fuel assembly was placed into the Cycle 4 reload after
determining that this assembly would not adversely affect operations.

At a May 1978 Cycle 1/z refueling of the Trojan plant, a fuel assembly
was damaged during fuel shuffling operations. Inspection of the
assembly revealed torn outer grid straps at the corner of one grid.
Apparently, during 1ifting of this assembly, a grid corner caught under
an adjacent assembly's grids. The damaged assembly was not reinserted
into the core pending evaluation of damage for potential reuse in a
later cycle,

During the 1979 Cycle 1/2 refueling shutdown for Salem Unit 1, it was
discovered that the outer grid strap on a number of assemblies were
damaged. Inspection of all 193 17x17 fuel assemblies showed 31 assem-
blies with some indica*ion of grid damage, of which 19 were considered
reusable with special handling precautions. Fifteen of the damaged
assemblies were reused in the cycle 2 core. Evaluation indicate that
the grid damage occurred during the fuel handling operations, and, for
the most part, was confined to the corners of the grid assemblies which
interacted with grids on adjacent fuel assemblies. No fuel rods sus-
tained any damage.
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Grid damage also occurred for 2 or 3 fuel assemblies for each the
following plants undergoing refueling in 1979: Indian Point Unit 2, D.
C. Cook Unit 2, Ko-Ri Unit 1 and Farley Unit 1. A number of these
assemblies had only minor damage and were reused fur the next cycle.

Westinghouse has recomnended revised fuel handling procedures which
would minimized such grid damage for the current fuel designs. Recent
refueling, using the revised procedures, have revealed no indication of
grid damage. In addition, modifications to the grid corners of all
newly fabricated fuel are expected to further reduce the probability of
grid damage during fuel handling.






During the Cycle 1/2 refueling of the Salem Unit 1 plant, it was noted
that a total of eight rodlets had separated from six Rod Cluster Control
assemblies. Subsequent hot cell examination revealed incipient cracks
in the fingers that supported the rodlets. The failures were attributed
to stress corrosion cracking resulting from reworking the internal
threads of a small quantity of fingers and coating than with a
trithlorethane- based lubricant to facilitate assembling into control
rods. To preclude further failures, all control rods containing fingers
from the suspect group were replaced during the refueling.

4-2 BURNABLE POISON ASSEMBLIES

There are 30 piants which are using or have used Westinghouse burnable
poison assemblies. Most of these assemblies are intended to serve for
only one cycle and are not removed during service.

w0 burnable poison rods of shorter length, but similar in desic~ t)
those currently used, were exposed to in-pile test conditions * the
Saxton test reactor. A visual examination of the rods was made in early
Jun:, 1968, and a visual and profilometer examination was made July 30,
19€ 5, after an exposure of 1900 effective full-power hours (25 percent
BlJ depletion). The rods were fund to be in excellent condition;
profilometry results verified that no dimensional variations from the
initial condition occurred. An experimental verification of the reac-
tivity worth calculations for borosilicate glass tubing has been per-

formed.

Although there is no routine surveillance of burnable poison assemblies
in operating reactors, with the exception of the instances detailed
below no problems have been encountered.

During removal of a secondary source assembly from its fuel assembly
during the RGE Cycle 3/Cycle 4 refueling, several cracks/openings were
noticed in the cladding at the lower end of an associated burnable
poison rod. Some bubbles were seen, but checks for tritium were
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negative. The source assembly was moved to the change fixture and the
rod was video-scanned. As agreed to by Westinghouse and RGE personnel,
the source assembly was loaded into the appropriate fuel assembly for
use only in the (fourth) cycle of operation.

At Prairie Island Unit 2, difficulty was experienced in removing a burn-
able poison assembly from a fuel assembly. The burnable poison/fuel
assembly was subsequently reinserted into the core and has fuictioned
without incident,

Two burnable poison rods and their vanes were separated from a source
assembly during refueling operations at Beznau Unit 1. Separation
occurred while the source assembly was being removed. The burnable
poison rods remained fixed in the fuel assemblies for unknown reasons.
Additionally, the bottom 18 inches of one burnable poison rod was found
to have been removed. After separation of one burnable poison rod, the
source assembly functioned through one operating cycle without inci-
dent. The source assembly was then replaced with another source
assembly.

Uuring February 1978, after two duty cycles of operation at Indian Point
Urit 2, one burnable poison rod broken 24 inches from the top was found
“jammed" in the thimble tube of the fuel assembly. The broken rod piece
was forced into the fuel as:embly by a thimble plug, and the fuel
assembly has functioned without incident during the third duty cycle.

Four demonstration assemblies, each containing two pre-characterized
improved burnable poison rodlets, have been inserted into the Indian
Point Unit 3 Cycle 3 core for irradiation starting in early 1980. The
improved BP rodlet design contains annular pellets of aluminum oxide -
boron carbide burnable poison material in Zircaloy tubing. As of April
1980, indications are that the demonstration assemblies are operating
satisfactorily.
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4-3 SOURCES AND PLUGGING DEVICES

Primary sources, which are in service for only one cycle, are removad
after secondary source activation. Secondary source rods have
successfully operated for many years in cores. Recently (1978) there
were two instances of stuck secondary source/depleted burnable poison
assemblies during refuelings. During the Zion Unit 1 Cycle 3/4 Fall
1978 refueling, a secondary source assembly could not be removed from
its fuel assembly. Also, during the Prairie Island Uait 1 Cycle 3/4
Spring 1978 refueling, two source assemblies could not be removed. For
both plants, the fuel assemblies with the stuck sources (scheduled for
discharge) were not reinserted into the core for the next cycle.

No problems have been encountered with plugging devices, except for one
device being stuck in a fuel assenbly (scheduled for discharge) during
the Indian Point Unit 2 Cycle 2/3 refueling. This assembly was not
reused for Cycle 3.

In 1979, at H. B. Robinson 2 and D. C. Cook 1, two secondary source
assemblies were loaded into improper core locations. As a result, they
sustained an interference fit between the fuel assembly and the flow
mixers in the upper internals. In each of the incidences, one of the
two source assemblies was found to be acceptable for future use.

Control Rods - (See table 5-5)



SECTION 5

OPERATING EXPERIENCE DATA

The data on which this report is based are presented in this section.
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TABLE 5-2
COOLANT ACTIVITY LEVEL

Percentage of Design Basis Coolant Activity in Indicated Year. Quarter

1968 1969 1970 1971

Plant 4 1 2 3 4 1 2 3 B 1 2 3 - 1 2

w
-~

9-§

Juse Cabrera {UEM) b} 10110 |{10] 20 30120} 30 ]| 30 40 tel 30| 60 100 s.olcl 10] 11

Ginna (RGE) 00 20| 2 |42 | @' | 1w s 2 2 | 22! | 90 3'¢!
Beznau 1 (NOK) 00| 36 67| 72 |ss | 78 77 il | 1 | s0 el {720 |70
Bernau 2 (INBK)

Robinson 2 (CPL)
Mihama 1 (KEP)
Point Beach 1 (WEP)
Mihama 2 IMEP}
Pownt Beach 2 (W1S)
Surry 1 (VPA)
Turkey Pomnt 3 (FPL)
Surry ¢ (VIR)

Zion 1 (CWE)

Indian Point 2 (1PP)
Turkey Pont 4 (FLA)
Prarie Isiand 1 (NSP)
Zion 2 (COM)
Takahama 1 (TAK)
Kewaunee (WPS)
Ringhals 2 (SSP)
Praire Isiand 2 (NRP)
D. C. Coux 1 (AEP)
Trojan (POR)

Indran Point 3 {(INT)
Beaver Valley 1 (DLW)
Salem 1 (PSE)

Ko-R: 1 {(KOR)

J. M. Fariey (ALA)
Ohi 1 (OH1) |

6.0
02 0.1 0.1 01| 01

00 oo o6 |02/ 09
bl | 1) 30 5.0 50 | a.0'¢! 56 |60 | e | a0l

01 01 02| 05 30 90 12 | el
04 1.1 ] 20
[b] 1.1 ] (bl
0 fel
bl

2. A dechne in the coolant activity level, due to any cause other than discharge of affected fuel at normal refueling, s a reflection
of decreased release of tission product iodine

b. Data no* available
€ Shut down part of period
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Percentage of Design Basis Coolant Activity in Indicated

PLANT

JOSE CABRERA (UEM)
GINNA (RGE)
BEZNAU 1 (NOK )
BEZNAU 2 (NBK)
MIHAMA 1 (KEP)
POINT BEACH 1 (WEP)
MIHAMA 2 (MEP)
POINT BEACH 2 (WIS)
SURRY 1 (VPA)
TURKEY POINT 3 (FPL)
SURRY 2 (VIR)
ZION 1 (CWE)
INDIAN POINT 2 (1PP)
TURKEY POINT 4 (FLA)
PRAIRIE ISLAND 1 (NSP)
ZION 2 (com)
TAKAHAMA 1 (TAK)
KEWAUNEE (WPS)
RINGHALS 2 (SSP)
PRAIRIE ISLAND 2 (NRP)

TABLE 5-2 (Cont)

COOLANT ACTIVITY LEVEL @

0.68 ©
1.62
1.29
0.35

1.05

.14
.74
.50
.02
.20
0.73
0.40
0.03
0.32

- O O O O

0.08

0.03

1978

0.30
0.90
1.25
0.98

0.14

0.27
0.47
0.37
0.01
1.19
0.45
0.37
0.14
0.47

0.12

0.05

Year, Quarter

2.98
1.29
0.76
0.19

1.45 ©

0.22
0.09
0.24
0.01
1.10 ©
0.61
0.15
0.68

0.29
<0.01

0.04

3.22
1.14
0.98
0.20

0.86

0.26
0.46
0.33
0.02
0.42
0.25
0.23
1.98

0.46

<0.01
0.29

0.05
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TABLE 5-2 (Cont;
COOLANT ACTIVITY LEVEL 2

Percentage of Design Basis Coolant Activity in Indicated Year, Quarter

1978

PLANT e | e 3 %
D. C. COOK 1 (AEP) 0.36 0.47 © 0.04 0.04
TROJAN (POR) 0.33 b n b
INDIAN POINT 3 (INT) 0.41 0.26 <0.01 © 0.11
BEAVER VALLEY 1 (DLW) 0.48 0.32 0.04 b
SALEM 1 (PSE) <0.01 : <0.01 <0.01
KORT 1 (KOR) b b b b
J. M. FARLEY 1 (ALA) 0.03 0.02 0.01 0.05
OHI 1 (OHI) b b
D. C. COOK 2 (AMP) <0.01 <0.01
NORTH ANNA 1 (VRA) 2.31 1.86
OHI 2 (OKB) b

a. A decline in the coolant activity level, due to any cause other than
discharge of affected fuel at normal refueling, is a reflection of
decreased release of fission product iodine.

b. Data not available

c. Shut down part of period
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TABLE 5-2 (Cont)
COOLANT ACTIVITY LEVEL @

Percentage of Design Basis Conlant Activity in Indicated Year, Quarter

1979

PLANT 1 z £ 7 a4
JOSE CABRERA (UEM) .68(¢) 3.45 2.81 (b)
GINNA (RGE ) 1.62(¢) 2.17 1.75 2.23
BEZNAU 1 (NOK) 1.29 0.80 0.61 0.74
BEZNAU 2 (NBK) ‘ - - 2
MIHAMA 1 (KEP) (b) (b) (b) (b)
POINT BEACH 1 (WEP) 1.05 1.49 1.38 (c)
MIHAMA 2 (MEP) (b) (b) (b) (b)
POINT BEACH 2 (WIS) .14(¢) 0.04 0.04 0.04
SURRY 1 (VPA) .77 0.30 (b) 0.20
TURKEY POINT 3 (FPL) .52(¢) 0.19 0.13 0.13
SURRY 2 (VIR) .02{¢) (b) (b) (b)
ZIO0N 1 (CWE) 1.19 0.81 0.91 (c)
INDIAN POINT 2 (1PP) 0.73 0.78 (b) 0.94
TURKEY POINT 4 (FLA) 0.40 0.18 0.08 0.15
PRAIRIE ISLAND 1 (NSP) 0.01 0.32 0.42 0.37
ZION 2 (COM) 0.32(¢) 0.09 0.07 0.07
TAKAHAMA 1 (TAK) (b) (b) (b) (b)
KEWAUNEE (WPS) 0.23 0.02 0.09 <0.01
RINGHALS 2 (SSP) (b) 'b) (b) (b)

PRAIRIE ISLAND 2 (NRP) 0.03 0.03 0.03 0.02
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TABLE 53
PREVIOUS EXPERIENCE IN RELOADING DEFECTED WESTINGHOUSE FUEL

Number of
Assemblies Meti.od of Defect Detection
Plant Shutdown Affecied and Notes Coolant Activity Tiend
A Cycle 1A/1B 24 Positive leak test Activity stable durir,
Cycle 1B
A Cycie 1B/2 S Positive leak test Activity stable during
One assembly with collapse Cycle 2
and bulge reinserted
A Cycle 5/6 3 Positive leak test Activity slowly decreased
during Cycle 6
B Cycie 2/3 1 Positive leak test Activity increased at the
beginning and then slowly
decreased during Cycle 3
c Cycle 1/2 2 Positive leak test Activity increased slightly
during Cycle 2; additional
defects forming
C Cucle 3/4 1 Postive leak test Activity decreased during
Coolant activity indicated Cycle 3; activity lower and
failures at start of Cycle 3, stable in Cycle 4
Region 4 indicated based on
uranium samples
5 Cycle 4/5 9 Part of Region 4 reinserted Activity stable in Cycle 5
Cycle 1/2 1 Visible hole in one rod at

EOC-1; no significant
dagradation observed EQC-2

Activity stable in Cycle 2







TABLE 55
SUMMARY OF RCC AND DRIVE LINE PROBLEMS

e e—————————————————————

Solution
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FIGURE 5-1

BURNUP PERFORMANCE

OF WESTINGHOUSE ZIRCALOY-CLAD FUEL

Thousands of Fuel Rods

Y 1 f iy r?i
5¢ =1 Bl "H o, oA i | B

ERER ==
i 1 ¢ :
. _Ll_m’ﬁi Vi
10/1/74

0 8 16 24 32
Burnup Achieved
(1000 MWD/MTU)

Average

Burnups

All Fuel 10,200
Discharged

Fuel 18,900

-
1]
_______________________________ r—l !..._--_-_-..’_’ — B -

A

\
— 1
N

MM e
;?j“du‘“
\
!
|
|
g
L‘\- N ANAAN —
W \

-
N
A
R
|
]
|
|
i .
)
\ A A
MR S A A e Ak, A A A B
ANV \ \ 1
- ~ IENRERS
\ \ AR
RN A AR Ay
]
'
]
1

. “;rwx

11k

LE

12/31175
a0 0 8 16 24 32 4 0 &8
Burnup Achieved
(1000 MWD/MTU)

MA\»WMA-
\
WA
.~

Py ek e i
. 3

12/31176 12,3117 12/31/78

16 24 32 40 O 8 16 24 32 4 O 8 16 24 32 &
Burnup Achieved Burnup Achieved Burnup Achieved
(1000 MWD/MTU) (1000 MWD/MTU) (1000 MWD/MTU)

”

14,300 15,100 17,300 18,800

19,600 20,700 22,200 23,700



- Sy e U —

{ \

] W0 VR W U, W VRV WU W W . VR .Y




12-693-1

TOTAL
PLANTS

(1@

1972

2 i

{ ,
(G |

1973

(6) (3)

2

PERCENTAGE OF TOTAL PLANTS IN ACTIVITY RANGE

1

1979

(7 (5

| LI I[l ll | | | — P
001 .005 .0 05

N . i 2

[0DINE-131 ACTIVITY IN PRIMARY COOLANT (.Ci'g)

1 I | | 1 ] J

0% 25 5 2.5 5 25 50 100
IOGINE-131 ACTIVITY N PRIMARY COOLANT ([~ OF DESIGN BASIS)

NOTE: NUMBERS IN FARENTHESES INDICATE NUMBER OF PLANTS IN THIS
ACTIVITY RANGE

Figure 5-2. Westinghouse Fuel Performance — lodine 131 Activity
in Primary Coolant as of December 31, 1979
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