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EXECUTIVE SUMMARY

During the Beaver Valley Power Station-Unit 1 (BV-1) seventh
refueling outage (7R), an ultrasonic examination ¢f the first
elbow outbound in the feedwater piping to steam generator RC-
E~1A revealed an indication. Since this elbow had experienced
fatigue cracking in the past a decision was made to replace
the elbow. After replacement of the elbow, upstream piping
alignment was reviewed and it was found that line 16"-WFPD~22~
601-Q2 was bound against pipe rupture restraint FWR-38,

The purpose of this evaluation report is to identify and
investigate the root cause of the feedwater system piping
misalignment and steam generator nozzle cracking and to
provide recommendations which will prevent the reoccurrence of
these phenomena.

A brief description of the feedwater system, a summary of the
7R ancomalies and action plan implemented prior to the unit's
restart is provided.

Root cause considerations incorporating past andustry
experience included local and global thermal stratificetion
effects, water hammer events, and installation practices. An
instrumentation program was implemented to measure and
guantify the mechanism that resulted in the damage. The
instrumentation installed to record data included lanyard
potentiometers, strain gages, thermocouples, accelerometers,
linear velocity displacement tronsducers and pressure
transducers. These data were thoroughly evaluated and
correlated to analytical models.

During the root cause evaluation it was determined that a
phenomenon occurs under ~ertain plant conditions that was not
included in the original plant design basis. Global thermal
stratification, not <considered in the design |Dbasis
gualification of the feedwater piping system, was identified
and quantified by data recorded during the plant restart
following 7R, Furthermore, correlation of the recorded data
to analytical results indicated that two monoball restraints
are potentially locked up and are not functioning as required.
Therefore the effects of glcocbal stratification and locked
monoballs were considered in the reanalysis of the piping
system. Based on the identification of the global
stratification existence, combined with potentially locked
monoball supports, a JCO has been prepared.

The results of the analysis show that the piping system
gtresses are within code allowables. Nozzle and penetration
loadings meet design basis limits. All supports are
satisfactory except for the two monoball supports under the
assumption ¢* bound monoballs. Alternate criteria were
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2) Revise pipe rupture criteria to Dbe
cons.stent with Mechanical Engineering
Branch Technical Position 3~1 (MEB 3-1).

3) Measure the existing elbow wall thickness.

4) Modify the monoball supports R-3, R-4 and
R=11 whicii do not meet plant design basis
criteria.

5) Inspect supports to verify input
assumptions.

6) Implement OBE seismic l.mits as determined
during the interim evaluation.

7) Revise design basis documentation to
include ASME Boiler and Pressure Vessel Code
Case N-318,

Strongly recommended corrective actions, primarily considered
with future possible water hammer events, and recommended
corrective actions addressing other concerns, are also
presented in this report.
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ANTRODUCTION

puring the Beaver Valley Power station-Unit 1 (BV~1l) seventh
refueling outage (7K), an ultrasonic examination of the first
elbow outbound in the feedwater piping to steam generator RC~
E-1A revealed an indication. Since this elbow had experienced
fatigue cracking in the past a decision was made to replace
the elbow. After replacement of the elbow, upstrearm piping
alignment was reviewed and it was found ‘hat line 16"=WFPD=22~
601~-02 was bound against pipe rupture restiaint FWR=18,
Further review of rupture restraint FWR-1¢ revealed that shim
pack clips were damaged and/or missing.

An extensive evaluation of the 'A' feedwater line and supports
followed. Inspections were also initiated on the remaining
feedwater lines 'B' and 'C'.

pamage similar to the 'A' line was found to exist on the 'C'
line. Iinspection of the 'B' line revealed no damage. A
description of all observed anomalies and their respective
dispositions are presented in Section 3.0 of this report.

Subseguently, it vas determined that the feedwater lines for
loops 'A' and 'C' had to be cut in order to reposition the
lines properly within their respective rupture restraints. A
reviev of the rupture restraints' orientation and installation
precluded movement of the restraints to accommodate the

piping.

1t was decided to restore both the 'A' and 'C' feedwater lines
to their original configuration and correct all ancmalies
prior to restart of the unit. In addition an extensive
instrumentation program was implemented in order to gain an
insight into the possible causes of the piping nisalignments.

This report includ.s an in-depth review of the instrumented
data taken, of records of past feedwater incidents both at BV-
1 and in the industry , and of available literature associated
with feedwater system problems in the area of nozzie fatigue
cracking, local and global thermal stratification, and water
hammer. Conclusions stated herein are derived hoth from this
r::iow and from analyses conducted specifically for this
effort.
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1.0 PURPOSE/SCOPE

The purpose of this evaluation report is to identify and
investigate the root cause of the feedwater system piping
misalignment and steam generator nozzle cracking discovered
during the Beaver Valley Power Station-Unit 1 seventh
refueling outage (7R) and provide recommendations to minimize
the reoccurrence of these phenomena. The scope of this
evaluation includes a brief description of the feedwater
system, a summary of the 7R observed anomalies and a
description of the action plan implemented prior to the units
restart. During the investigation of the root cause(s) of the
piping misalignment and nozzle cracking other potential
feedwater system concerns which are not directly related to
the root cause of the misalignment or cracking, may be
identified. Recommendations will also be provided to correct
any additional concerns beyond the piping misalignment and
piping cracking.




2.0

DESCRIPTION/OPERATION OF FEEDWATER SYSTEM

The following “escription of the feedwater system pertains to
the portion of the system from the main feedwater pumps to the
steam generator. This is the primary area of interest for thic
report.

2.1

MAIN FEEDWATER SYSTEM

The main feedwater system is used to preheat and deliver
condensate to three steam generators via a common
feedwater header. Two steam generator supply pumps, each
rated at 15,200 gpm at 1500 feet total dynamic head (TDH)
supply the common header. Three individual steanm
generator feedwater lines are supplied by the feedwater
header.

Each of these individual 1lines downstream of the
feedwater header contains a flow measuring device, a main
feedwater regulating valve controlled by a three-element
steam generator water level control system, & bypass flow
contrel valve controlled by a two-element level control
system, flow contrnl isclation valves and a motor
operated containment isclation stop-check valve.

Techniques of providing feedwater flow to the steam
generators are dependent upon plant condition. For
example, when the plant is either in hot standby
operation or escalating in power up through low power
operation, feedwater flow is being directed through the
bypass feedwater regulating valve. This feedwater flow
could either be a continuous trickle flow (approximately
200 gpm), intermittent plug flow (as in a feed and bleed
mode), or a combination of the two. Under these
situations relatively cold water from the condenser hot
well is introduced into the steam generator.

Once the main feedwater regulating valves are put in
service, trickle flow or intermittent plug flow does not
take place. The specific components of interest are
discussed below in more detail.

2.1.1 MAIN FEEDWATER REGULATING VALVES

The valve is sized to centrol steam generator level
from about 15% power to full power. Each valve is
controlled automatically by a three-element steam
generator level controller or manually from the
centrel room bench board. The three-element control
system continuously compares feedwater flow, steam
flow and water level in order to maintain a
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programmed water level in the secondary side of the
steam generator during normal operation,

The main feedwater regulating valves are Copes~
Vulcan, 12 inch, 900 pound, cage and piston design
with 16 inch inlets and outlets. The operators are
also supplied by Copes~-Vulcan with their failure
mode being spring to close. A design change in
1982 installed hydraulic dampers on the actuators
to provide better control over plug travel [Ref.
$.67).

2.1.2 BYPASS REGULATING VALVES

» bypass flow control valve is located in parallel
with the main feedwater regulating valve. The
bypass flow control valve is used for steam
generator level control at power levels up to about
15% power. The bypass flow control valves are left
partially open at high power levels to provide
cooling water flow to the feedwater heaters during
a reactor trip. The valve is contrelled
automatically by the two-element feedwater control
system which senses steam generator level and
reactor power level. A controller continuously
compares the two signals to regulate the bypass
control valve and hence control steam generator
secondary side level. Manual local control of the
valve can also be taken.

The bypass valves are Masoneilan 4 inch, %00 pound
rated valves.

2.1.3 FEEDWATER ISOLATION

The main feedwater regulating valves trip on the
following:

a. Two out of three (2/3) high~high (Hi=Hi)
level signals in any steam generator.
Safety injection signal.

Low average temperature in 2/3 loops
after a reactor trip.

O

The bypass flow control valves, the main turbine,
the main feedwater pumps, and main feedwater
containment isoclation valves trip on the following:

a. (2/3) Hi-Hi level signals in any stean
generator.
b. Safety injection signal.



2.2

AUXILIARY FEEDWATER SYSTEM

The auxiliary feedwater system is used to supply water to
the steam generators in order to remove resiaual heat and
cooldown the reactor coclant system whern the main
feedwater pumps are not available (i.e. feedvater
isolation). The auxilisry feedwater pumps transfer water
to the steam generators from the 152,000 galion pramary
grade demineralized water storage tank (WT«TK-10).

Auxiliary feedwater is supplied to each steam generator
through two redundant supply headers, each containing a
motor operated throttle valve. The supply headers j0in
downstream of the throttle valves and flow through a flow
measuring device among other components prior to
connecting into the main feedwater line. This connection
is downstream of the main feedwater containment
isolation valves but just up-stream of the containment
penetration in the main steam valve hnuse (MSEVH).

The auxiliary pumps include two 350 gpm electric driven
pumps which auto start in tandem and one 700 gpm steam
driven pump as a backup to the electric pumps.
2.2.1 EVENTS TO INITIATE AUXILIARY FEEDWATER FLOW
The transients that cause an automatic start of the
two electric auxiliary feedwater pumps are as
follows:

a. Lo~Lo steam generator level s.ynal in any
tvo steam generatours.

b. Both nain feedwater pumps trip.

Q. Safety injection signal.
For any of the above conditions to exist they would
have to be proceeded by one of the following
events:

a. Loss of nurmal feedwater.

b. Loss of offsite power followed by a

reactor trip {(results in a loss of
norma. feedwater).

- Secondary side pipe rupture,.
d. Cooldown following a steum grnerator tube
rupture.



2.2.2 DESIGN CONSIDERATIONS FOR AUXILIARY FFEDWATER
FLOW

When a transient conditlior as cited in Section
2.2.1 is presented, is take  on the order of one to
twe minutes before \he aux liary flow transmitters
sense auxiliary fecdwater flow, Presently, the
initial auxiliary feejwate flow rate which can L@
experienced is on the crd(. of 400 gpm per steanm
generator until control is taken through the
auxiliary feedwater throttle valves.

The primary grade demineralized water storage tank
which supplies the auxiliary feedwater system is
housed in an enclosure which is maintained at or
near ambient conditions. Freeze protection is
provided in the form of two electric space heaters.
™ srefore the tank is not maintained much above
treezing during subfreezing ambient temperatures.

FEEDWATER PIFING LAYOUT/SUPPORTF

The portion of tbh: feedwater piping evaluated for
misalignment and nozzle cracking is located inside the
reactor containment structure from the containment
penetration to the steam generator nozzle comnaction.
Refer to Figures 2.3~1, 2 and 3 for the pipe support
locations on loops A, B and C respectively. See Figure
2.3-4 for the pipe rupture restraint locations on all
three loops.

The piping is A106 Grade B and fittings are 16 inch, A234
Grade WPB. For all three piping runs the pipe enters the
containment at approximately elevation 758 and rises
vertically about twenty feet. Then the pipes run
horizontally outside the crane wall before penetrating
the crane wall and running into the steam generators.
Just prier to the steam generator nozzle connection in
each loop is a loop seal comprised of four back to back
short radius 90 degree elbows,

Monoball supports are the only supports on the feedwater
lines that provide rigid constraint (vertical only) for
all loading conditions. Thes¢ supports are comprised of
a ball and socket joint to allow free rotational
displacements and self lubricating (Lubrite) plates to
allow both free lateral and axial rovement,
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Rupture restra.nts are used to absord energy and

restrain pipe movement following a postulated pipe
rupture. These restraints are nearly concentric tc
the pipe with shim stacks installed to provide the
final gaps between the pipe and the restraint,
These gaps allow sufficient clearance for f{ree
thermal and seismic movements. Unexpected closure

of 2 pipe rupture gap will result in an ununalyzed
condition and potentially increased stress levels
and support loadings. Maximum allowable pipe gaps
are calculated and design gaps are set equal to or
less than this value to keep the energy imparted to
the restraint within the design capacity of the
restraint,

FEEDWATER FEEDRING DESIGN

The Westinghouse Model 51 steam generator utilizes a 1¢

inch distribution feedring inside the steam generator
which lays horizontally at the same elevation as the

incoming feedwater piping. The feedring to shell nozzle
is connected via a thermal sleeve. This thermal sleeve
is basically a slip fit into the pack of the nozzle

Specified gaps for this slip fit are on the order of .025
inches.

The feedwater feedring employs J-tubags (2 inch schedule
80 A~106 Grade B) to discharge feedwater from the
feedring. The purpose of the J-tubes 18 to prevent steam
volds from developing in the feedring. The rapid

collapse of a void in the feedring can result 1n a severe
water hammer,.

PRESENT DESIGN METHODOLOGY

The feedwater piping from the containment penetration to
the steam generator is designed to Category I class Q2
regquirements. The design incorporates normal thermal
conditicns and anticipated upset conditions such as
seismic and time history events These time history
loads are associlated with postulated water hamoaer events
such as main feedwater regulating valve closure due to
feedwater isolation, main feedwater containment isolation
check valve slam and a main feedwater pump trip.

Feedvater temperature 1s a function of flow rate and
reactor power level. The thermal analysis utilizes the
design condition of 441° F at 100% power to envelop all
intermediate feedwater temperatures.

The system, including t!
1

8 he auxiliary feedwater nozzle and
steam ger\er‘aLor gzzle,

i8 designed to withstand a
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TABLE 2.5-1

FEEDWATER LINE POSTULATED RUPTURE POINTS

Feedwater Lines

Location IS-WFPD-22 16-WFPD-23 16-WFPD-24
Terminal Points 199 98 140
244 128 188
Peint of Maximum 307 102 144
Primary + Secondary
Stress
Point Where None None None
P+ S > 846 +8)
a h
Point Where 202 10212
P>.8 Allowable = 20212 10172} 14477
.8(1.2) s, 307 110 14372
Point Where None None None
S>I8 S
a
Total Points S S 4

Total Areas §1N 417 32

Primary Stress
Secondary Stress

Where: P
S

Sh' Sa are defined in ASME III NC36ll

Note: ') With the exception of Pt 180 on 16-WFPD-24 all points listed above are
at elbows.

12) pecause of the proximity of two points, the area between the two points
is considered one break area.
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b. Effect on the dynamic analyses by changing
the modal response due to support function
changes (i.e. rupture restraint gap closure

and monoball lateral/axial direction
restraint,
¥ Reduced flexibility (increase in earthquake

anchor loads).

See Figure 3.1-1 for & summary of as-found 7R piping
conditions.

'B' FEEDWATER LINE

Extensive inspections were also conducted on the 'B'
feedwater line and only one minor anomaly was observed,

a. FWR-14 had one slide plate move approximately
0.6 inches.

‘C' FEEDWATER LINE

a. Pipe break restraint, FWR-1, had the pipe
blocked up against the restraint, outboard
shim brackets bent, and shims missing and
dislodged. Four of 8 shim stack locations were
affected.

b. Vertical monoball support, R11l, had loose
bolting on the angle iron.

Cs Pipe break restraint, FWR-13, had a wear plate
loose, shims shifted down, and the pipe hard
against the inside of the restraint,

Contact of the line with the rupture restraint had the
effect of elevating thermal stresses in the line since it
was not free to move in the vertical direction as
designed. This also would have an impact on the dynamic
analyses since individual mode shapes would be affected.

In addition an outboard shim pack was dislodged thereby
increasing the rupture restraint gap in that direction
beyond design. During a design basis terminal end break
at the steam generator, energy input to the rupture
restraint may have exceeded the restraint's energy
absorption capacity. This problem no longer exists
because the pipe was relocated to its as-designed
location during 7R.

14
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4.0 ACTION PLAN (STEPS TAKEN PRIOR TO RESTART FROM 7R)

INTRODUCTION

This section of the report delineates the course of
action taken during the seventh refueling outage (7R) to
document any anomalies that existed, and to evaluate
these anomalies analyticallv to ensure that no other
piping or support damage may have resulted (e.g., thermal
overstress). All the supports including all rupture
restraints, spring hangers and snubbers, were inspected.
If a reference is not made to a specific support under
Section 4.2 then no discrepancies were found. Any other
areas of concern that required inspections are also noted
in Section 4.:2.

In addition once this review was conducted some
additional inspections resulted. All of the observed
pipe and support discrepancies were corrected prior to
startup, except the pipe up against the crane wall at R-)
and R-4. The feedwater lines were restored to their
original design position.

The instrumentation program was implemented to determine
the mechanism that led to the pipe misalignment. The
instrumentation was used to continuously record during
the complete heatup of the unit from cold shutdown. This
instrumentation will be used periodically during tne
course of the next fuel cycle as warranted.

COMPILATION OF 7R INSPECTIONS
4.2.1 'A' FEEDWATER LINE

a. Spring can, SH-1, was topped out and not
supporting any load.

b. Vertical monoball support, R~5, had loose
bolts on the support frame, concrete spalling
at crane wall,and evidence that free lateral
and axial translation was not taking place as
designed.

- P Hydraulic snubber, HSS-201, had surface
cracking along the edges of the embedment
plate.

d. Hydraulic snubber, HSS-206, had a loose nut on
the pipe clamp.

e. Pipe break restraint, FWR-38, had the pipe

16



blocked up against the restraint, shims were
dislodged on two shim packs and shim retaining
clips bent,

P Pipe break restraint, FWR-19, had the top wear
plate shifted at one shim pack only.

g. Ultrasonic Test.ng (UT) examination of the
complete 5D pipe bend in the vicinity of FWR~
38 showel no indications. An ovality check
demonstruted ovality was acceptable.

h. Surface examination of pipe wall at monoball
restraint R5 showed no indications.

1. Radiograph and UT examination of the elbow to
steam generator nozzle weld after fitting
replacement showed acceptability.

4.2.2 'B' FEEDWATER LINE

a. Pipe break restraint, FWR-14, had one wear
plate slide approximately 0.6 inches.

4.2,3 'C' FEEDWATER LINE

a. Pipe break restraint, FWR-1, had the pipe
blocked up against the restraint, outboard

’ shim brackets bent, and shims missing and
dislodged. Four of 8 shim stack locations were
affected.

b. Vertical meonoball support, R1l, had loose
bolting on the angle iron.

C. Pipe break restraint, FWR-13, had a wear plate
loose, shims shifted down, and the pipe hard
against the inside of the restraint.

d. UT examination conducted on the complete 5D
pipe bend in area of FWR-~1 showed no
indications. An cvality check demonstrated
the ovality to be acceptable.

e. UT examination of the steam generator nozzle
to elbow weld and counterbore area was

. performed and no indications were found.

4.3 EVALUATION/ANALYSIS OF AS~FOUND CONDITION

Prior to instrumenting the feedwater lines, analyses were
conducted on both the 'A' and 'C' feedwater lines in an

17



attempt to understand the cause of the anomalies and to
determine 1f any other detr aental effects might have
been imparted to the piping system,

Various sample thermal analyses were run to gqualify the
observed deficienciles. For example, the 'A' line
translational displacements were restrained, individually
and concurrently, at pilpe support and pipe 1rupture
restraints suspected of restricting pipe movement ¢to
derive the worst scenario.

Under these thermal cases the worst case derived was
restraining the vertical and lateral directions of the
pipe at FWR-38 and concurrently restraining all
translation displacements at monoball RS. This case
yielded an overstress at the first elbow off of the steam
generator nozzle. The stress level shown was on the
order of 27 ksi which was only slightly over the 25 ksi
allovable [Ref. 9.11).

In addition, a local pipe wall overstress was shown t
have occurred at monoball RS, Due to these result
additional inservice inspection (I81) on thos
analytical code overstress regions was conducted a
defined above.

<
€
<

S
»

The pipe against the crane wall at monoballs R2 and R4
wvas judged to have an insignificant effect for the worst
thermal case because the thermal deflection moves the

pipe away from the crane wall.

On the 'C' line, analyses were conducted by restraining
the line at FWR~-1 since this is the only location where
the line was observed to be constrained. A slight code
overstress was shown at the steam generator nozzle to
elbow transition region [Ref. 9.11). Additional ISI as
detalled above was then conducted.

For the selismic scenario, the pipe was restrained as
the thermal case run but included disabling snubber |
201 on the 'A' line because of the observed
cracking at its embedded plate. For bcth the 'A'
lines the dynamic analyses demonstrated acceptability
code requirements.

>

(5

-

t YD WU

O

REPAIR/MODIFICATIONS

The following 1s a compilation of all the repairs
conducted during the seventh refueling outage prior to
startup in order to return both 'A' and 'C' line stress
levels to within code acceptability.




a. Replaced first elbow ¢ f the steam generator
nozzle in loop A due to observed indication
under UT examination. Further destructive
evaluation revealed that this may have been a
machining mark or possibly the onset of crack
initiation.

b. Restored rupture restraints FWR-38 and FWR-1
to within design limits by providing adequate
gaps to allow free normal thermal movement and
dynamic clearances. Gaps were alsc set to
account for energy input into the restraint,
Min-K insulation was utilized at restraint
locations to facilitate inspection of gap
settings in the future.

[ Reset spring hangers SH-1 and SH-10.

d. Restored function of snubber H§S-201 Dby
utilizing alternate embedded plate to maintain
the same direction of constraint by the
snubber.

e. Replaced monoball RS with a new support design
to retain same support function.

. Verified acceptability of gap settings on all
rupture restraints.

g. Both 'A' and '"' feedwater lines had to be cut
and mitered to allow correct repositioning
through the vuptuve restraints,

4.5 IMPLEMENTATION OF INSTRJUMENTATION PROGRAM

An instrumentation prograc ¢n the 'A' feedwater line was
implemented prior to etartap of the unit to aid in
determining root cause of the piping misalignments and
the steam generator nozzle to elbow counterbore cracking.

The instrumentacion ‘ayout is depicted in Figure 4.5-1
and summarized below:

a. Full bridge strain gages to capture horizontal

and vertical plane bending and torsion at the
elbow counterbore location were installed.
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Lanyards to measure both stacic aid dynamic
displacements were installed at the following
locations:

1. Three directiona)l displacements at the
steam generator nozzle location (lanyards
4-6, .

2. Three directional displacements at the

pipe in the vicinity of rupture restraint
FWR-38 (lanyards 1-3).

p Lateral and axial lanyards at vertical
constraint RS (lanyards 7-8).

Accelerometers, one at each location where the
three directional lanyards were appiied. This
provides local acceleration levels and modal
information.

Six thermocouples were installed
circumferentially on the elbow counterbore
region to measure local thermal cycling
effects. Six thermocouples were also installed
circumferentially on the piping several
diameters upstream of the loop seals to
determine if the elbow loop seals were
effective in preventing back leakage from the
feedring and to determine if global thermal
stratification existed.

These thermocouples were not sufficient to
completely describe global stratification
profiles, but were only used to determine if
global stratification existed. Based upon
prevailing industry beliefs, global
stratification was not initially thought to
exist in this pipe due to both the location of
the auxiliary feedwater connection and the
vertical runs of feedwater piping where mixing
would have been expected to occur.

A pressure transducer was installed downstream
of main feedwater regulating valves, FCV-FW-
478, 488 and 498. This was used to determine
if the main feedwater regulating valve was
inducing pressure oscillations in the system
(i.e., control valve instability).

A linear velocity displacement transducer
(LVDT) was placed on the stem of FCV-FW-478 to
determine if stem oscillations were occurring.
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Oscillations could occur as a result of valve
resonance with the piping system at a specific
flow rate. Specific flow rates can be
correlated to precise plant power level.

Monitoring of the above parameters was performed
continuously durina the complete heatup of the unit
following the refueling outzge. This allowed data to be
extracted during all modes of interest including hot
standby operation, low power ranges and power escalation.

Plant recorded data (e.g., feedwater flow rate, auxiliary
feedwater flow rate, steam generator level, feedwater
pressurs, reacteor coc.ant lococp temperature, etc.)
gathered by permanently installed devices were collected
along with the dat. from tre temporary instrumentation.
This was performed to provide the basis for data
correlation to specific plant operation.

The temporary instrumentation has remained in place after
100% power was achieved but is presently not recording
continuously. Additional data will be recorded under
plant transient conditions since these are the time
periods where more data are needed. A software program
has been written to allow automatic recording of data
under a transient condition. Specifically when
thermocouple T-11 (refer to Figure 4.5-1) experiences a
temperature drop of 10* F over less than 120 seconds
recording begins. Thermocouple T-11 is on the bottom of
the pipe. The instrumentation program has been
documented in Reference 9.41.

Manual cooldown (transient condition) data were collected
for the two cooldowns that have been experienced by the
plant since the temporary instrumentation was installed.
These events occurred on January 19, 1990 and October 6,
1990.

STATUS /DISCUSSION

Both feedwater lines 'A' and 'C' were returned to their
original design basis through the work conducted in 7R.
This included complete correction of all observed
deficiencies considered to be significant. Consideration
of the instrumentation recorded data was required to aid
in root cause evaluation of both the elbow counterbore
cracking and the irregular deformation pattern of the

piping.

With current design basis considerations being evaluated
(i.e., time history loads for current postulated water
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hammer events), it was concluded that the current
analyzed postulated events couldn't generate loads of
sufficient magnitude to move or deform the pipe into its
7R as~-found condition.

1t became evident that a review of existing industry
literature of feedwater perturbations was necessary to
determine sources of possible significant loads outside
of current design basis considerations. The significant
events reviewed were steam generator water hammer (SGWH)
and feedwater control valve instakility. Global
stratification at this point was not documented or its
effects quantified on Pressurized Water Reactor feedwater
piping as evident through NRCs AEOD study published in
March 19%0 [Ref. 9.21).

when instrumentation mounted in 7R demonstrated that
global stratification was present, steps were taken to
incorporate its effectie into the design calculations.
Subseguent review determined that global stratification,
although present, wasn't the source or root cause of the
observed 7R misalignment. Water hammer events and past
installation practices of the feedwater elbows Lhecame
suspect.

The remainder of this report addresses these factors for
root cause effects, investigates the potential for these
events to occur in the future at BV-1 and identifies
steps that can be taken to minimize their reoccurrence.
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ROOT CAUSE CONSIDERATIONS (INCORPORATING PAST INDUSTRY

EXPERIENCE)

Historically feedwater lines at both Pressurized Water
Reactors (PWRs) and Boiling Water Reactors (BWRs) have been
associated with seveial concerns. Some of these concerns
include internal surface cracking (local thermal
stratification), global thermal stratification, and severe
water hammer. Several organizations have studied many of these
problems in great detail. Many of these studies were obtained
and reviewed. Their results and conclusions were incorporated
into this evaluation to aid in identifying the root cause(s)
of the taper transition cracking and the irregular deformation
pattern of the feedwater piping.

5.1 LOCAL STRATIFICATION

Local stratification has been identified as a source of
pipe¢ line cracking in feedwater lines at both BWRs and
PWRs (Refs. 9.16, 9.17 and 9.18). The local
stratification phenomenon occurs in the vicinity of the
nozzle to the reactor in a BWR and in the vicinity of the
nozzle to the steam generator in a PWR. This phenomenon
occurs during plant heatup when low temperature feedwater
is mixed with high temperature fluid from the reactor in
a BWR or steam generator in a PWR, Since this
investigation reviews taper transition nozzle cracking at
the Beaver Valley Power Station~-Unit 1 loop A steam
generator, a detailed review of NRC IE Bulletin 79-13
"Cracking in Feedwater System Piping" [Ref. 9.12] was
performed and the results of the review follow.

$.1.1 NRC IE BULLETIN 79=-13

Oon June 25, 1979, the NRC issued IE Bulletin No.
79~13 to address cracking in PWR feedwater system
piping. Cracking was first identified in May 1979
at DC Cook Unit No. 2. Leaking circumferential
cracks were identified in the 16 inch feedwater
elbows adjacent to two steam gcnerator nozzle elbow
welds. In order to further explore the nature and
magnitude of the cracking problem industry-wide,
the office of Inspection and Enforcement requested
licensees of PWR plants to conduct volumetric
examination of certain feedwater piping welds.
Beaver Valley Power Station-Unit 1 was one of
several units that identified cracking in the
feedwater piping to vessel nozzle weld region,

A Westinghouse Owners Group (WOG) was formed.
Westinghouse, acting as the agent for the WOG,
investigated the feedwater line cracking
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phenomenon. Their results were published 1n
several ASME papers [Refs. 9.16, 9.17 and 9.18)]
The investigation c¢oncluded that the cracking
occurred as a result of corrosion assisted fatigue.
Westinghouse recommended the installation of
thermal sleeves to reduce the heat transfer rate in
order to protect the feedwater line taper
transition nozzle weld to the steam generator.

GLOBAL STRATIFICATION

General stratification of water in piping was
reported by the NRC in Information Notice 84-87

9.59), which cited a major event in feedwater piping
WNP~-2 that resulted 1in damage to supports and
leakage at cthe flanged connection. This type
stratification is due to the slow flow of cold water

a region of hot water, or vice versa, which causes
pipe to bend, leading to excessive deflection in long
horizontal runs of pipe. The event at WNP-2 resulted
from the slow admission of cold feedwater (about 100° F)
into a horizontal run of pipe previously heated to about
400° ¥, The difference in temperature between the top
and bottom of the pipe due to stratified flow caused the

i

’
|

wipe to deflect and damage several feedwater pipe hangers
and snubbers, and also loosen a flange allowing a small

leak,

Global stratification has been a subject of increased
visibility since the issue of NRC Bulletin 88-11 [Ref

9.42). This bulletin describes global thermal
stratification in the pressurizer surge line. Global
thermal stratification is defined as a top to bottom
pipe temperature differential which can occur over a
portion or entire horizontal length of piping under
consideration. The potential exists for global thermal
stratification any time a low flow injection of fluid
occurs in a line sized for much larger flow and a
temperature differential exists between the injected flow
and the fluid already in the line. This potential exists
on the feedwater line after a reactor trip when the
feedwacter line at a maximum possible temperature of 441°
F experiences low flow injection of auxiliary feedwater
at a temperature which can be as low as 45° F. Data
collection at Beaver Valley Power Station-Unit 1 alsc
indicates that significant stratification can occur when

e vA
feedwater flow is stopped. This is due to the tendency

for the more buoyant hot water to rise and cold water to
fall (natural convection).

The top to bott ure differential causes the




piping to deflect in an unexpected direction and with a
larger magnitude than plant design basis calculations
predict. This was also true with the pressurizer surge
line as described in NRC Bulletin 88-11. The AEOD study
summarized in the following section is another industry
investigation of global thermal stratification.

$.2.1 NRC AEOD STUDY

The study, entitled 'Review of Thermal
Stratification Operating Experience',6 issued in
March 1%%0 by the Office for Analysis and
Evaluation of Operational Data (AEOD) (Ref. 9.21),
delineates all reported thermal stratification
events to-date (including both local and global
gstratiiication). The report was reviewed to
determine if feedwater global thermal
stratificatica has been reported at other plants

Other than the pressurizer surge line [Ref. 9.42],
the only specific recorded instance of global
stratification that resulted in support damage was
at Washington Nucrlear Plant Unit 2 (WNP-2) on the
feedwater system in 1984, WNP-2 is a BWR. This
event occurred when plant personnel slowly admitted
cold feedwater into a pipe filled with high
temperature water. It also occurred when reactor
water clean-up (RWCU) (hot water) was admitted to
cold piping which caused back flow and
stratification.

Global stratification has not been associated with
PWR feedwater piping to-date in the industry.
However global stratification was still reviewed as
a poteiitial source of the piping misalignment since
injection of colder fluid into the feedwater system
takes place under auxiliary feeawater injection.
The id ntification of this as a mechanism to cause
global thermal stratification in PWR feedwatel
piping could become a new industry issue that would
have to be addressed.

5.3 WATER HAMMER

Water hammer in PWR feedwater systems has been identified
as the phenomenon which has plastically deformed piping
and broken pipe supports. Several detailed
investigations have been performed [Refs. 9.24 through
9.38]. These studies investigated the different aspects
of flow control valve instability and steam generator
water hammer due to bubble collapse. A detailed review
of these phenomena follows the present Beaver Valley
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e. The feedwater pipe supports insice
containment are designed to withstand the
water hammer loads.

N The maximum water hammer unbalanced force
was determined to be less than 15 kips.

FLOW CONTROL VALVE INSTABILITY

Flow control valve instability has been identified
in initiating water hammer events. This mechanism
was reviewed to determine if it could have led to
the observed piping misalignment. As reported in
NUREG 0582 [Ref. 9.24), by 1979 twenty-two water
hammer events had been attributed to main flow
control valve opening, closing or instability.

The term "flow control valve instability” has been
used generically to encompass several contributing
factors, all of which could lead to a water hammer
event. These factors include unbalanced hydraulic
forces on the valve plug which may cause the valve
to override the force applied by the actuator or,
improper valve flow characteristics (ratio of flow
te plug travel) or improperly adjusted control
circuitry which may cause a rapid change in valve
opening or closing. Another factor which could lead
to a water hammer event is possible resonances set
up by the dynamic characteristics of the valve and
valve actuator. Resonance is the amplifying effect
caused when an input or forcing function frequency
and the natural fregquency of a system/sub-system
coincide. Two sources associated with flow control
valve resonance are identified below:

a. Standing wave frequencies, defined as
pressure oscillations in the piping
system, are a function of both the speed
of sound in the medium at the specified
temperature and length of the piping.

b. Valve plug/stem frequencies, defined as
oscillations of valve plug movements, are
a function of both mass and stiffness of
the valve plug and valve body.

Resonance established by a and b above, requires
that the valve be dynamically coupled to the fluid
system. This dynamic coupling effect would result
in valve oscillations feeding or driving the fluid
system standing waves and producing pressure
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oscillations. The rasult of the pressure
oscillations in turn would have the effect of
trying to move the valve plug in and out of the
valve body. Instability results as valve stem
oscillations amplify.

Tris resonance phenomenon “"called impedance coupled
valve/piping instability", could result in severe
chattering or vibrations locally at the valve, and
can induce large sinusoidal pressure oscillations
resulting in significant forces being introduced
into the piping systenm. Local valve vibrations
could be responsible fcv fatigue failure of items
such as the valve stem, yoke studs, feedback
linkage, etc.

Sinusoidal resonance oscillat ons, if produced,

would have the same fregquency as the valve
oscillations with pressure variations as high as
600 psi [Ref. 9.35]. This amount of pressure

variaticen could be responsible for loads on the
order of 100 kips [Ref. 9.35). Loads on this order
of magnitude would cause significant pipe support
and piping damage. However , hydraulic dampers,
which have been implemented at several plants
including Beaver Valley Power Station-Unit 1,
severely limit large valve oscillations and hence
large pressure variations.

Instrumentation data recorded during 7R at all
power levels confirmed that large valve plug
oscillations are not occurring and that pressure
oscillations are not being induced into the system.

$.3.2.1 PAST BEAVER VALLEY POWER STATION-UNIT 1
WATER HAMMER EVENTS

There have been four documented water hammer
events at Beaver Valley Power Station-Unit 1
since the plant became operational in 1976.
The specific details of each event have been
previously reported to the NRC under Licensee
Event Reports (LERS) which have been
accompanied by formal evaluation reports.
These are included under the 1list of
references and provide additional detail.

The root cause of the three water hammer
events occurring in late 1976 and early 1977
have been assoclated with plug/trim

29



instability (consistent with improper valve
characteristics). These events were
associated mainly with the 'B' feedwater line.
A replacement of the original plug-type trim
with a cylindrical trim was implemented after
the January 5, 1977 event. This change was
implemented to reduce cavitation and
unbalanced forces in the valve which had been
associated with the unstable operation cf the
valve,

The only other documented water hammer event
occurred in 1981 on the 'A' feedwater line.
This event was preceded by 2a mechanical
tailure of the feedback linkage whereby valve
control was lost., It would appear, which was
not evident at the time, that resonance of the
valve with the fluid system causec excessive
vibration levels in the valve itself to a
point where fatigue failure of the linkage
occurred.

Currently, due to the plug/trim change and the
addition of hydraulic dampers in 1982, large
valve stem movaments and the resulting large
induced pressure oscillations can not occur.
However, as evidenced by recent rfailures of
valve component studs (stem Lreakage),
vibration induced fatigur is still cccurring
locally at the valve. Therefore, it 1is
possible with the curren: arrangement that
mechanical fatigue of a valve component could
render the valve uncontrollable and initiate a
water hammer .2nt as was experienced in 1%81.

The date of the events and contributing
factors are summariced here.

a. November 5, 1976

Contrel valve instability;
unconirolled increase in feedwater
flow rate either due to a
malfunction in the feedwater
regulator contrel or unbalanced
forces in the valve itself.

Damage was mainly limited to the 'B'
line outside containment and
included instrument tubing and a
valve actuatoer. Two snubber
hrackets attached to feedwater
piping were found bent in the
containment,
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b. Dec>mber 27, 1976

Control wvalve instability; valve
inst¢bility causcd by the plug
design and mismatch of the valve
system amplified the response to the
system “ransient and the valve moved
independent of the control signal.
Pressure oscillations were observed
to be on the order of 400 psi.
Damage was limited to mainly
instrument tuecing on the outside
containment 'B' line piping.

¢. January 5, 1977
Centro} valve instability; valve
again moved independently of control
signal (opened despite signal to
close).
Damage again was mostly limited to
the 'B' outside containment piping
which included instrument tubing and
a damaged motor operator.
An instrumentation program was vput
into place.
Valve plug and trim changes were
implemented on all three feedwater
regulating valves.

d., May 6, 1981

Initiating cause of event was a
disconnected feedback linkage on
the 'A' feedwater regulating valve.
This resulted in a large increase in
feedwater flow to the 'A' steam
generator followed by flow spikes
in the 'B' and 'C' loops.

Damaged resulted to both the inside
and outside containment piping on
the 'A' feedwater line. This
included damage to outside
containment instrument tubing and a
motor cuperator. Inside containment
damage included bent snubber
brackets and dislodged rupture
restraint shims.

5.3.2.2 REVIEW OF NUREGS
Several NUREGS have been issued, mainly in the
late 1970's, to compile and classify past
water hammer events (i.e. NUREG-2059) [Ref.
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9.25) and to define methods of evaluatiocn
(i.e. NUREG-2781) [Ref. 9.26).

As specifically related to feedwater control
valve instability, water hammor can occur if
the feedwater contrsl valve ic¢ improperly
sized, the control circuatry is (mpreperly
adjusted, closing and opening time |is
improverly adjusted or the system isn’'t filled
and vented properly prior to startup. These
factors were evaluated for their effect on BV~
1.

Of these, the most siynificant water hammer
event can be attributed to improper va.vce
sizing. Unbalanced forcee in the valve
itself, created possibly due c¢co cavitation,
can pe of sufficient magnitude on the piug and
stem to overcome the force being appliea by
the actuator. Thie 1is the phenomenon
considered to be associated with the water
hammer events of 1976 and 1977.

A design change to replace the trim in 1977 ¢n
all three main feedwater regu ting valves was
institutecd. Subsequent monicoring through
instrumentation installed both on thi valves
and feedwater piping showed that the trim
change was effective in reducing the
likelihood of reoccurrence of this event.
Results of this study and evaluation of lhe
feedwater regulating valve sizing tc meet
system requirements were submitted previous.iy
to the NRC [Ref. 9.22)

Subsequent changes at BV~1, including addition
hydraulic dampers further minimizes the
likelihood of feedwater centrol valve
instability water hammer.

Water hammer events associated with rapid open
or closure times or possibly inmproperly
adjusted control circuitry are less severe.
Analyses performed following the 1981 water
hammer event in which a mechanical fajilure of
the .inkage was cited, showed that with a
rapid closure of the valve (approx. .l sec),
loads of only approximately 5 kips axially on
the horizontal inside containment piping could
be produced [Ref 9.52). Although bent snubber
brackets were found, loads of this magnitude
are insignificant in terms of pipe stress,
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Therefore, due to resonance of the valve with
the third stunding wave (17 Hz) at €5% power
on the 'A' line, future water hammer events
may occur throuah a mechanical failure at the
valve induced by this localized vibration.
Future design considerations should take into
account deccupling the valve stem/plug
frequency from the third standing wave,

5.3.3 STEAM GENERATOR WATER RAMMER

Steam generator wa. 'r hammer (SGWH) is a term used
to describe a water . ammer . vent initiating in the
fecdring of the steam generat. . This event occurs
when the F2edring is (artiall wvoided, for example,
following a feedwater 1golat on signal. Under this
scenario steam is tnen drawn into the feedring
establishing a steam/water interface. It is then
pessible that voids or pockets of steam can form.
Subsequent cn'd water injection through auxiliary
feedwater =an cause this void to collapse such that
a water slug moves rapidly into the void. When
this sluc impacts the incoming water filling the
header, large hydraulic pressure waves can be
created.

This phenomenon has been studi»d extensively by
Creare and documented under NUREG-029%91 |Ref. §.31].
A stuam generator water hammer event at Trojan will
be cited due to its similarity to BV-1,

$.3.3.1 CREARE STUDY

Steam generator water hammer events occurred
in the earl’ 19.0's with the most notable
event being at Indian Point. At that time
bottoit hole discharge in the feedring was used
which meant that when the steam generator
level dropped below the feedring as under a
feedwater isolation signal, steam could be
drawn into the line. Water hammer was ther
initiated.

As a result of these early events, four
modifications were proposed to minimize the
potential for occurrence and are listed herc

a. Top discharge through J-tubes. Thi
entailed plugging the botton
discharge holes and installing J-
tubes,
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b. Minimization of horizontal length of
piping from the feedring 71 section
by installing & loop seal. The loop
seal was to be installed as close to
the steam generater as possible so
23 to mirimize the length of
horizontal run the slug could
traverse thereby minimizing slug
impact forces.

- Minimization of tTime to initiate
auxiliary feedwater injection. The
effect of this is to minimize the
amount of draining that could occur
in the ving from the time main
feedwater was isolated.

4. Institution of 2a2n upper limit on
maximum auxiliary feedwater flow
rates following a main feedwater
isolation. This would minimize the
likelinood of generating a slug and
collapsing a steam void.

Of the above four items, a, b and ¢ were
implemented at BV-1. The fourth was not
instituted. The justification for this wvas
that testing was performed at Trojan [Re:is.
9.68 and 9.6%). This testing was conducted
with the a through ¢ modifications in place at
Trojan. The testing involved varying the
auxiliary feedwater flow rates from
approximately 200 to 440 gpm. The results of
thir testing showed that with these auxiliary
feedwater flow rates steam generator water
hammer was not induced.

It must be stated that provided feedring
integrity is ensured (i.e., no source of out
leakage) and the ring remains water solid,
high auxiliary feedwater flow rates should be
of no conseguence. However, should the ring
be allowed to drain through either cracked
plugs in the bottom of the feedring or erosion
of the thermal liner at the slip fit region in
the steam generator nozzle, then the safety
analysis Dperformed by Trojan would be
invalidated.

Through a review of the NUREG, the effect of a
leakage nole in the feedring on the water
level in the ring is quantified. For a
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bal stratification was determined not to be a ntribut
mechanism fCr the \rregular deformat n patter; therefon
ther pote X . auses such as water 1 met And pas
neta at practices vere r¢ ewed & ental.eqd a rev
f existir ) try nformatior ’ the X t
evaluat ! nanalyvze dicliont were identified L .
monoba ' ked and giloba stratification effects P “he
effects wvere ncorporated nt analyses
The results of the various analyses are summarized 1 t!
sectior { the report 'hese analyses were all perfornm
after the seventh Beaver Valley Powver Station-Unit 1 refue
outage 'R) . Secti™ 6.1 discusses the steps undertaker
ensure that the computer model agreed with Ire rded plant
data. Sections 6.2 and 6.3 discuss the recently i1dentit
glob stratification phenomenon. Section 6.4 investigat
the effects of water hammer., Section 6.5 i1nvestigates the
effects of local thermal stratification and Section 6.¢
reviews possible pipe misalignment during the replacement i
the cracked elbows adjacent to the steanm generator
6.1 CORRELATION OF ANALYTICAL MODEL TO PLANT DATA
The correlation of the analytical model to the piant dat
wvag performed in several steps The first step was t
develop a STRUDL~SW [(Ref.9.44) piping model based On tne
NUPIPE-SW [Ref. 9.4° piping model of record, See the
attached STRUDL~-SW piping models Figures 6.1-1, ¢ and
3] for loops A, B and C respectivel) The pip ]
geumet: ¢ modeled on STRUDL~SW because this program has
the c<a) ty to anaiyze a top to bottom temperature
differential over some or all of the elements in the
model . The next step was to benchmark the STRUDI W
model to the existing NUPIPE~SW run of record model for
the 100% powver level operation mode The displacement
agreemen between the two models was excellent. See
Figures 6.1+-4 and 6,1~5 for the displacement profile fron
the non-stratified thermal cases. The remalining steps
involved correlacion o3l the recorded plan jata
(gathered in Action Plan, Section 4.5, Impleme ion of
Instrumentation Program) with the results from DL~SW
analys's. This was done to verify the base model before
global stratification analysis could be performed 'he
correlations performed and results are discussed 1n the
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following two sections entitled Normal Thermal Movements
and Incorporation of Global Stratification. Only loop A
displacement data were recorded during the power
ascension from 7R, All conclusions drawn from the
evaluation of loop A data are applied to the analysis of
loops B and C where applicable.

In addition to the licensing baeis STRUDL-SW finite
element model results, a personal computer version of
ANEYS [Ref., 9.46) was utilized. Excellent agreement
between the two conputer codes was obtained for all the
pestulated thermal stratification scenarios [Ref. 9.47).

6.1.1 NORMAL THERMAL MOVEMENT

Initial attempts at correlating the recorded normal
thermal displacements with the STRUDL-SW model were
unsuccessful considering the as-designed support
functions. The monoball supports are designed as
vertical only supports. The single trunion ball
and socket design on sliding plates is intended to
provide freedom of movement in the other five
degrees of freedom. A second series of computer
runs were performed with the moncballs locked in
both the lateral and axia) . rections and allowing
free rotational movement. e correlation between
the STRUDL-SW model with tue moncballs locked and
the plant recorded data was very good (see Table
6.1.1=1). Therefore the interim gqualification of
the feedwater piping analysis was performed
considering the monoballs locked (acting as 3-way
constraints) as well as unlocked (acting as
vertical constraints only). For the long term
solution the monobalis will be addressed as stated
in Section 8.1.2.4.

6.1.2 INCORPORATION OF GLOBAL STRATIFICATION

Two separate cases of global stratification were
considered in this analysis. Both of these
scenarios were experienced during the recent post
7R heatup. The first global stratification case is
auxiliary feedwater injection after a reactor trip
at 29% power. The second case is described as
significant intrasysten stratification
(stratification caused by two different temperature
fluids within the feedwater esystem). This occurs
when feedwater flow is reduced. These two cases are
discussed in detail in Sections 6.1.2.1 and 6.1.2.2
respectively.
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TABLE 6.1.3-1

STRUDL-SW VS PLANT DISPLACEMENT DATA (LOOP A)
REACTOR POWER LEVEL AT 20% AND FEEDWATER TEMPERATURE OF 335°F

Lanyards STRUDL  Measured Global STRUDL Global

Joint Displacements  Displacernents
1,283 45 X 1.41° X 1.90°
Y 1.34" A\ 1.00
Z 1.34 Z 1.4
748 1286 X 0.0¢ » 021
Z 0.66" 4 -0.59"

The approximations made in the STRUDL-SW evaluation and the
inherent variations in field measured dats make it unreasonable to
expect an exact correlation between recorded and calcuiated
displacements. The displacements shoewn above indicate as good a

correlation as should be expected.



6.1.2.1 AUXILIARY FEEDWATER INJECTION AFTE. 29%
POWEK REACTOR TRIP

After the reactor trip the feedwater line was
at approximately 2335°* F. Auxiliary feedwater
at about 45* F was injected into the system
and the line thermally stratified.

Initial attempts at correlating the recorded
auxiliary feedwvater injection global
stratification movements with the monoballs
free to move as designed (see Section 6.1.1)
with recorded data were unsuccessful. The
pipe moved opposite to the predicted
direction. This problenm was also experienced
in the Section 6.1.1 (normal thermal movement)
correlation, The best correlation of data
occurs when the. monoballs are locked in the
axial and lateral directions (see Table
6:.1.2:1=1).,

6.1.2.2 INTRASYSTEM STRATIFICATION

Intrasystem global stratification can occur
anytime during plant operation, but
significant intrasystem thermal stratification
has only been observed during power reduction
(and subseguent feedwater flow reduction) at
pover levels less than or equal to 29%. The

: feedwater regulating valves are bypassed at
low power operation (normally 15% to 30%) and
condensate is obtained directly from the
condenser hotwell. When the feedwater line is
hot and flow to the steam generators 1is
reduced the feedwater lines will stratify (see
Figure 6.1.2.2-1). The maximum intrasystem
global stratification is considered to be
enveloped by the maximum auxiliary feedwater
injection case because a larger stratification
potential exists for he auxiliary feedwater
case. Stratification potential is defined as
the maximum feedwater temperature minus the
minimum auxiliary feedwater temperature (see
Section 6.2). The maximum potential for
intrasystem stratification is 255° F. This is
a result of a feedwater temperature of 335° F
at 29% power and a condenser hotwell
temperature of 80° F., All conclusions drawn
from the displacement correlation in loop A
data are applied in the remaining two loops.
Instrumentation was not installed in loops B
and C.
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TABLE 6.1.2.1-1

STRUDL SW V5 PLANT DISPLACEMENT DATA (LOOP A)
AUXILIARY FEEDWATER INJECTION

Lanyards STRUDL  Measured Giobal STRUDL Global

Joint Displacements Disp'acements
1,243 a5 X 1.19 X 1.72"
Y 0.04" Y -0.66
2 0.88" Zz 0.82"
748 128 X 0.22" X 0.38"
Z 0.51" Z -0.47"

The approximations made in the ETRUDL-BW evaluation and the
inherent variations in field measured data make it unreasonable to
expect an exact correlation between recorded and calculated
displac ments. The displacements shown above indicete as good &
correistion as should be expected.




I-Z°Z°1°9 Funsia

[03s] It
(spuosnoy))
(474 91 Zi - v 0
AEERCEEL EE—ECS 2 SRCACTEES S ERESOE s i i 4 —4- 0

e i et

T —————s A e g 009

SUOT3w00] erdnooocmaeyl I0j) 1I-5°» eanbiri ees
(e59Q jueld pepiocoey)
HAYHED NOIINOIJILVELS WALSASYHINI

-

3¥N.VEIdNI

"
J

3923Q

’
L



6.2

NEW ZLOBAL STRATIFICATION LOAD CASES (NOT PREVIOUSLY
CON'SIDERED)

New global stratification cases have been developed.
These new cases have never before been considered as part
of the design basis for PWR feedwater system piping in
any plant. These cases envelope the effects of postulated
thermal stratification. See rFigure 6.2-2 for sample
displacement profiles caused by thermal stratification
effects. These cases are based on the extrapolated case
of the recorded auxiliary feedw2ater injection at 29%
power and the maximum potential temperature difference.
The maximum feedwater temperature of 441° F is at the
100% power level. If a reactor trip occurred in the
winter, the temperature of the fluid in the safety
related demineralized water tank WI-Tk-10 located in the
yard, heated only by space heaters, could be as low as
45° F. The auxiliary feedwater system would inject the
45°* F water into the 441° F feedwater system. The
temperature difference of 396° F would not be realized
based on two recorded temperature differential cases
[Ref. 9.41 and Appendix 10.1). buring the more
significant case of the two [Ref.9.41), the feedwater
line was at 335° F and the auxiliary feedwater line vas
considered to be 45° F (actual water temperature was
later determined to be 50° F) . The potential for 290°¢
F stratification existed, however, only 180* F [250° F
(top of pipe) - 70° F (bottom of pipe)) stratification
was realized. This resulted in a 62% scale factor
(180/290) (see Figure 6.2-1). This scale factor |is
applied to the full range potential stratification or
0.62 X (441-45) = 245° F, All horizontal piping was
conservatively considered to have the potential to be
stratified at 245° F. Piping with vertical components
(e.g., risers) are considered to be unstratified in the
model. See References 9.7, 9.8 and 9.9 for the specific
global thermal stratification profiles that constitute
the new global stratification cases.

PRESENT CONFIGURATION~GLOBAL STRATIFICATION AND
CONSTRAINED MONOBALL SUPPORTS EXTRAPOLATED TO DESIGN
BASIS TEMPERATURES

After the magnitude of the global stratification
temperature was determined, it was considered in the
three STRUDL~SW models. Loops A and C both have
monoballs. Since the monoballs in loop A were postulated
to be acting as 3-way supports [axial/lateral restraints
as well as their as-designed vertical function) loop A -1
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was analyzed twice (considering the monoballs once as a
three way and once as a vertical). 1In the absence cf
recorded data, loop C was also analyzed twice (once with
the moncball as a three vay and once as a ve) ical). The
results of pipe stress analyses [Refs. 9.7, .8 and 9.9)
for all three loops vere determined teo be within the
original plant design basis allowables in accordance with
ANSI B31.1 =~ 1967, The strese analysis of the feedwater
piping considers both the global thermal stratification
motents ganerated along the axis of the pipe as well as
the circumferential stress generated in the piping due to
the hotter top of the piping expanding more than the
cooler bottom (see Figure 6.3-1). The circumferent'al
stress is an internal stress and does not produce
external loads. Tables 6.3-1, 6.3-2 and 6.2-3 contain
the pertinent pipe stress analytical results and load
combinations for lcops A, B and C respectively.

Global thermal stratification is the only Ilcading
condition where the feedwater piping closes the gaps at
pipe rupture restraints. This does not occur under any
other loading condition (i.e,, design basis fluid
transient or seismic event) unless that loading
conditions occurs concurrently with global
stratification. The loadings generated at the restraints
by stratification are significantly less than the design
basis loads developed by pipe break scenarios. Stress
levels used to evaluate pipe break locations were
impacted by the consideration of global stratification
effects. No additional break locations or restraint
requirements were identified utilizing the guidelines
provided in Reference 9.6,

Pipe support analyses [Refs. 9.48 and 9.56) indicate that
all of the existing pipe supports, except for monoball
supports [H-3 and H~. (loop A)) and one sprir. hanger
[SH=6 (loop A)) passa2d their design basis code egJations.
See Tables 6.3-4, 6.3-5 and 6.3-6 for the pipe support
results for loops A, B and C respectively. ASME Boiler
and Pressure Vessel Code Case N-318 was used tn analy:ze
the local pipe wall stresses for spring hanger SH-6,.
ASME Secticn III Appendir F rules were used to show
interim acceptability of the supports H-3 and H=-4.
Several inspections of snubbers and hanger frames are
also required to confirm assumptions (see Tables 6.3-4,
6.3-5 and 6.3-6). Snubbers to be as-built are HS§S§-201,
HS88-202, HSS8-203, HS8S~-204, HES~-205, HSS~-206, HS5-212 and
HS§-212A. Frames to be as-built are H~3, H~4, H~5 and H~
i1.
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TABLE 6.3-1
PIPE STRESS ANALYSIS RESULTS LOOP A

LOAD COMBINATION MAXIMUM | AN6I B31.3 FACTOR OF MONOBALL
CALCULATED ALLOWABLE | SAFETY **+**+ | CONDITION
STRESS*** STRESS (JOINT)*
P + DL 7052 PSI 15000 PSI 213 FREE****
(75)
LP + DL « OBEA + SRSS(OBEI.TH) 15803 PSI 18200 PS 113 FREE® s
(10)
LP + DL + SRSS(SSEITH) 11482 PSI 36000 PSI 313 LOCKED**
' (160)
seree THER 24764 PSI 22500 PEI 091 eveee LO‘C?KOE)D"
v ss P 4+ DL + THER 30808 PSI 37500 P8I 2 LOCKED**
(208)
' ‘CTD a4 17846 PSI 37500 PSI 210 LOCKED**
| (30)
. The joint listed is the point where the maximum stress occurred. All joints were
checked for all loadings.
o "Locked" refers 1o the analysis performed considering mongballs R-3 and R-
4 as three way restraints (vertical, lateral & axial).
ot Maximum stress from either the “Free’ or “Locked" monoball case
Mk dadad "Free" refers to the analysis performed considering the monaballs R-3 and R-
4 as vertical restraints only (as designed).
timliste Either criteria may be satisfied. Therefore, the overstress of the THER criteria
is acceptable based on the LP+ DL+ THER stress ieve!.
bt (Aliowable Stress)/(Calculated Stress)
L oading Congit Anavzed
Deadload (OL)
Operational Basis Earthquake Inertia (OBEH)
Operational Basis Earthquake Anchor Movernents  (OBEA)
Design Basis Earthquake Inertia (DBEI)
Circumferential Temperature Distribution (CTD)
Time History (TH)
Thermal Expansion (including stratification effects) (THER)
Longitudinal Pressure (LP)
Hoop Stress (H)
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TABLE 6.3-3

PIPE STRESS ANALYSIS RESULTS LOOP C

LOAD COMBINATION MAXIMUM | ANSI B31.1 | paACTORCF | MONOBALL
CALCULATED | MLLOWABLE SAFETY ****+ | CONDITION
STAESS seever | STRESS (JOINT)*
WP« DL 10508 PSI 15000 P8I 190 FREE®**
(10)
LP « DL + OBEA « SRSS(OBEITH) 16347 PSI 18000 P8I 117 FREE***
(10)
LP + DL + SRES(GSEITH) 12955 PS| 36000 PSI 208 FREE**
(10)
weee THER 22026 28! 22500 P8I 102 LOCKED**
(128)
bovi 1D « B » THOR 28716 P! 37500 PS| 141 LOCKED**
(128)
oT0 « H 16310 PSI 57600 P8I 218 -
. The joint listed is the point where the maximum stress occurred. Al joints were
checked for ail loadings.
e “Locked" refers to the analysis performad considering monoball R-11 as a three
way restraint (vertical, lateral & axial).
- "Free' refers to the analysis performed considering the monoball R-11 as a
vertical restraint only.
hie Either criteria may be satisfied.
.hane (Allowable Stress)/(Calcuiated Stress)
*Heeee Maximum stress from either the “Free" or "Locked” monoball case
Loading Conditions Analyzed

Deadioad

Operational Basis Earthquake Inertia

Operational Basis Earthquake Anchor Movements
Design Basis Earthquake Inertia
Circumterential Temperature Distribution

Tirme History

Thermal Expansion (including stratification effects)

Longttudinal Pressure
Hoop Stress

(OL)
(OBEI)
(OBEA)
(DBEI)
(CTD)

(THER)
(LP)
(H)
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TABLE 6.3-4

PIPE SUPPORT RESULTS - LOO? A

SUPPORT NUMBER QUALIFIED FOR CONFIRMATION NOTES ACTION REQUIRED
REQUIRED
WFPD-SH-1 DESIGN BASIS NO
WFPD SH.2 DESIGN BASIS NO
WFPD 8.3 INTERIM NO Apperwix F 10r bolt allowables JCO
Appen jix F for member shear allowables Walkdown required
IWA - OBE loads compared to DBE allowables
WFPD R4 INTERIM YES IWA - OBE loads compared to DBE allowables JCO
Con Reqd for use of 60% CTD stress Resuits of data collection
Wallkidown required
WEPDRS DESIGN BASIS NO Walkdown requsred
WFPD SH & INTERIM NO CCN 318 used for IWA analysis
WFPD.SH.7 DESIGN BASIS NO Secondary bending divided by 2 for IWA anaiysis
DESIGN BASIS YES 62° swing angle
WFPD-HSS-201 Con Reqd for piston sefting Walkdown required
DEBIGN BASIS YES
Wy Con Reqd for piston setting Walkdown required
5 2° swing angle
WFPD-HSS-203 DESIGN BASIS YES Con Reqd for piston setting
Nalkdown required
DESIGN BASIS YES Con Reqd for piston sefting Walkdown required
WFPD-HSS-204
WFPD-HSS 205 DESIGN BASIS YES Con Reqgd for piston sefting _Walkdown reguired
WFPD HSS 206 DESIGN BASIS YES Con Reqd for piston sefting Walkdown required

Note: The loads include the effects
of global thermal stratification
and postulated locied monoballs.
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TABLE 6.3-5

PIPE SUPPORT RESULTS - LOOP B

. ! ACTIOWN O IRED
3 SUPFORT NUMBER QUALIFIED FOR  CONFIRMATION  NOTES ACTION REQU
y REQIHRED
i i
WFPD-5H-8 DESIGN BASIS NO —_—
- WEPD.SH.9 DESIGN BASIS NO e
§ o r W (3 14 y 2 N TRt
WFPD HSS 207 DESIGN BASIS 7 NQ_, Lagts D,.'Tf"f te s::fk ‘ :‘ﬂ‘ 'i»; L i‘_” oo i’ 7 ]
WFPD HSS 208 OESIGN BASIS NO Primary loads divided by 2 for FiTRIFE
iatad ¥ N R -] ) i =l s 2 Jp— e 4
~T ¢ .1 o 4
WEPD HSS 208A DESIGN BASIS NO = L S |
Note: The louds include the effects
of global theraal stratification
*~‘/’ > : N
~— 9 = 3 -




TABLE 6.3-6

PIPE SUPPORT RESULTS - LOOP C

; ACTION REQINRED
SUPPORT NUMBER QUALIFIED FOR CONFIRMATION NOTES 3 t
- REQUIRED

WEFPD-SH-10 DESIGN BASIC : . e s e

- ! e latkdown reguired
P . for use of 60% CTD stress Wa
DESIGN BASIS FC Con Reqd for use ¢ Resiéts f data collection

WEPDR-11

DESIGH BASIS ) Spring 1/8" out of range

WFPD-SH-12

DESIGN BASIS

WFPD.-SH-13
O T
WFPD HSS 209 DESIGN RASIS

FPD HSS 210 f)[ (:”(;’- B"";’r'
WHEFD H55- 21

DESIGN BASIS YE: (same calc as HSS-212 & HSS-212A)

V “PD-HSS-213

: ; = - — — 3 alkdown reqgurs-d
DESIGN BASIS YES Con Reqd for piston setting WealkGown roq
WFPD HSS 212 ’ - - : ' . 3
- - - = = alkddown requirex
DESIGN BASIS YES Con Reqd for piston setuing Walkdow p—
oL ) >

WFPD HSS 212A

Note: The loads include the effects
of global *heimal stratification
and postulated locked moacballs.




A rtudy was perforued t investigate magnitude of loads
to cause plastic deformation by first determining the
vield stress of the piping under consideration The
vield stress of the piping material A-106 Grade B 1s 3¢
Kel per ANSI Bll 1967. Plastic deformation occurs wher
this hr 3 alue ¢ stress 18 exceeded, The
corresponding moment for atraight run of 16 inch 0D,
0.843 wall thickness pipe 18 the yleld stress multipllied
by the section modulus 50¢ psli times 170,66 1inches
cubed which equals approximately 6 million in=lbs). The
short rad‘ws elbows are assoclated with a stress
intensification factor stress riser). This factor s
based on the elbow geometr and 18 egual C ‘ £
(dimensionless). This reJuhas the corresponding plastic
moments from 6 million in~lbs to 2.5 million 1in-lbs
water hammer is the only event that could be identified
which could generate loadings of this magnitude

6.4.1 STEAM GENERATOR WATER HAMMER

The
'Pet. 9.13) was reviewed to determine )
of loads which c¢ould be expected for a s
generator bubble collapse water hammer event, A
detailed finite element analysis program (NUPIPE-
S 'Rpt 9.45) was used to determine the movement
direction of the feedwater line during a water
hammer event. This infcormation leads to the
onLAu ion that a steam generator water hammer
could p‘aotx_a“\ deform the piping 1into the as~-

found shape in the beginning of 7R,

awrence Livermore National Laboratory Rep
r

)
-

0

6.4.1.1 LAWRENC

xzxzm O™%. NATIONAL LABORATORY
REPORT - STEA

G T“RATOR WATER HAMMER

The Lawrence Livermore National
Laboratory (LLNL) Report [Ref. 9.13)
documents the results of a generic
investigation for the effect of hydraulic
shock or water hammer on feedwater plping
of pressurized water reactors. The most
severe water hammer event studied by LLNL
occurred at Indian Point Unit 2 Nuclear
Power Station where the water hammer
caused local deformation of ¢t feedwater
pipe near the steam generator, and
r

.u**

~‘b

ailure of thce pipe at the containment
wall Lw*ﬂen:e indicated that the water
hammer was caused by the formation and
subsequent sudden collapse of a steanm



bubble in the feedwater line near its
inlet to the steam generator. The loads
generated by similar steam generator

steam bubble collapse events were
postulated to be in excess of 100,000 1lbs
by LLNL.

6.4.1.2 STATIC TIME HISTORY ANALYSIS

Three NUPIPE~SW static analyses were performed
to determine the direction of displacement of
loop A and C feedwater piping. Twe analyses
wvere performed on loop A and one on loop C.
The analyses of loop A considered the
monoballs locked and unlocked.

Loop A considered two mnodels in order to
reflect the results of Section 6.1 (postulated
lo~kxed monoballs). It is considered possible
to free the monoballs with large water hammer
loads. A ten kip load was statically applied
at selected points along the pipiry (see
Figures 6.4.1.2-1 and 6.4.1.2-2 for loops A
and C respectively). The loading was applied
in the direction of the steam generator. This
is consistent with a water hammer event
originating in the steam generator, The
results of the ten kip load case can be easily
increased to obtain results which correspond
to the magnitude of loads in the LLNL Report
discussed in Section 6.4.1.1. Loop A analyses
indicate that the resulting displacements
plotted hy NUDRAW-SW are both up and in
towards the reactor for monoballs restrained
or unrestrained (see Figures 6.4.1.2-3 and
6.4.1.2~4 for unrestrained monoballs and
6.4.1.2-5 and 6.4.1.2-6 for restrained
monoballs) .

The 1loop C displacement profile (Figures
6.4.1.2-7 and 6.4.1.2-8) also show the loop C
piping displacement up and in towards the
reactor, The maximum calculated stress
(including stress intensification factors) for
the 10 kip load on loop A was 3532 psi for
unrestrained monoball case and 2525 psi for
the restrained case. The stress cn loop C was
6581 psi. It is obvious from these stress
values that a 100 kip or greater load could
result in stress values which would exceed our
yield stress value of 35000 psi. Therefore it
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VERTICAL DISPLACEMENT RESULTS UNRESTRAINED wuNOBALLS - LOOP A
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FIGURE 6.4 .1.2-4
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VERTICAL DISPLACEMENT RESULTS UNRESTRAINED MONOBALLS
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is concluded that a steam ,e<nerator bubble
collapse event could generate loads of a
significant magnitude to plastically defornm
the piping into the irregular deformation
pattern observed at the beginning of 7R.

6.4.2 FEEDWATER REGULATING VALVE FLUID TRANSIENT EVENTS

The main feedwater regulating valves (FRVs) at
Beaver Valley Power Station-Unit 1 have been
particularly prone to cavitation and resonant
vibration problems. This current problem by itself
can not generate loadings of 50 kips (See Section
5.3.2). Fifty kips was identified in Section
6.4.1.1 as the 1load which could begin to
plastically deform the loop C piping. Based on
review of the snubber design (1 1/2 inch and 2 1/2
inch bore) [Ref. 9.48) if significant loads (assume
15 kivs is significant) were developed by this
transient event which occurs only during specific
power levels, inside containment pipe supports
would have been damaged. Since the piping is much
more durable than the pipe supports (the pipe can
withstand almost 50 kips before yielding) and no
pipe supporte have been damaged, the current
cavitation/resonant vibration problem by itself
could not plastically deform the piping inside
containment, This is also supported by the
recorded data of Reference 9.41 where only local
vibration and acceleration of the valve were
reported. Additionally damage due to this type of
water hammer would have been observed outside
containment, consistent with these events in the
past (See Section 5.3.2.1).

6.5 LOCAL THERMAL STRATIFICATION

Local thermal stratification in the vicinity of the
feedwater nozzle was studied by Westinghouse during their
investigation of NRCB 79~13 "Cracking in PWR Feedwater
Lines" [Ref. 9.32). Results from the instrumentation
program described in Section 4.5 identified rapid
temperature cycling between 557° F (steam generator hot
stand-by temperature) and 80° F (the temperature of the
fluid drawn from the condenser hotwell during start up).
The following discussion examines the recorded plant data
and correlates it to the cracking discovered at the
beginning of 7R (see Figure 6.5-1 for recorded plant
data) . Note these data have been modified per the
direction of Reference 9.41.
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Spurious temperature readings of less than 80¢ F have
been deleted.

€.5.1 CORRELATION TO 7R PLANT DATA

Local thermal stratification was only considered to
be a possible contributor to the cracking
discovered on the lcop A steam generator nozzle
taper transition, No possible mechanical 1link
could be identified between the lccal
stratification and the irregular pipe deformation
pettern. Since the nozzlé cracking was identified
as fatigue cracking by metallurgical examination
[Ref. 9.49), the data recorded during the post 7R
plant restart were reduced into meaningful fatigue
data. The reduction of these data is described in
the following section of this report.

6.5.1.1 <CYCLE COUNTING

The plant data recorded during the post 7R
restart of the Beaver Valley Power Station-
Unit 1 were reduced. The thermocouple data
were graphed for all twelve thermocouples (see
Section 4.5 for instrumentation details). The
number of cycles, magnitude and mode number of
operation were recorded. A data sort was
performed and the result of the sort is shown
in Table 6.5.1.1-1. This table indicates that
thermocouple number 1 (the thermocouple on top
of the pipe, almost on top of the taper
transition) experiences the most severe
thermal cycling. This is confirmed by
metallurgical examination [Ref. 9.49) which
determined that the largest cracks occurred at
the top inside surface of the pipe and were
due to corrosion assisted fatigue cracking.

6.5.1.2 CORRELATION TO OPERATION WHEN SIGNIFICANT
CYCLING OCCURRED

The data were further reduced by intensity,
mode, and plant event for thermocouple number
. The results of this review are summarized
in Table 6.5.1.2-1 for the 7R recorded data.
Significant cycles were cbserved to be present
in Modes 1, 2 and 3 (reactor at 29% power to
hot standby) during normal heatup and post
reactor trip/AFW injection heatup.
Significant cycles were not observed during
the manual cooldowns on January 19, 1950 and
October 6, 1990. More specific correlation to
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TABLE 6.5.1,1-1

SUMMARY OF T/C RANGE CYCLES FOR T/Cs 1 THROUGH 6

- e -

NUMBER OF TEMPERATURE CYCLES FOR TEMPERATURE RANGE (F)
'r/‘C PR ————— TR R Rl - - R L L -
No. 477 400 300 200 100 SO
- | 75 22 18 39 } 100 86
2 7 29 53 107 79 64
3 10 23 66 90 128 46
B 13 22 34 53 59 | 3%
g 7
5 4 14 15 31 19 | 14
6 13 s 68 117 111 ‘l 279
I
Note: 1) 477 F transients include all transients greater than or equal
to 400 F.
2) 400 F transients include all transients greater than or equal
to 300 F but less than 400 F.
3) 300 F transients include all transients greater than or equal
to 200 F but less than 300 F.
4) 200 F transients include all transients greater than or equal
to 100 F but less than 200 F.
) 100 F transients include all transients greater than or egqual
to 50 F but less than 100 F.
6) 50 F transients include all transients greater than or equal

to 20 F but less than 50 F.

77



SUMMARY OF CYCLES BY INTENSITY, MCDE, AND PLANT EVENT FOR T/C No. 1

TABLE 6.5.1.2-1

477 F INTENSITY

PLANT EVENT

HEAT UP
REACTOR TRIP

it
NUMBER OF CYCLES

MODE 1

- |- e | -

6 0 0 33

MODE 2‘ MODE 3| MODE 4| MODE 5| TOTAL

21 19 \ 2 0 0 42

400 F INTENSITY

PLANT EVENT

HEAT UP
REACTOR TRIP

NUMBER OF CYCLES

MODE 1| MODE 2| MODE 3| MODE 4 MODE $| TOTAL

- com owe | - - - | .- PR Bl

8 1 5 0 0 14

300 F INTENSITY

PLANT EVENT

HEAT UP
REACTOR TRIP

NUMBER OF CYCLES

-

MODZ 1| MODE 2| MODE 3| MODE 4 MODE 5| TOTAL

0 17

8 1 3 3
1 0 0 0 0 ‘ 1
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TABLE 6.5.1.2-1 (cont)

SUMMARY OF CYCLES BY INTENSITY, MODE, AND PLANT EVENT FOR T/C No. 1

200 F INTENSITY

NUMBER OF CYCLES |

CFLA FvR | Wobs 1] Wane 3| Wobt 3| WobE 4] Wobk ¢ ToikL
o~ ) RS T MY IS
oo R, 2 RAR 1 SOOI IO Wi EBLE, %

100 F INTENSITY

! NUMBER OF CYCLES i

PLANT EVENT | WODE 1| WODE 2| ODE 3| WODE 4 MODE | TOTAL |
HEAT UP 17 17 35 | 6 8 76 |
smcvonnsp | .| af e ol o) 7

50 F INTENSITY

NUMBER OF CYCLES ’

PLANT EVENT MODE 1| MODE 2| MODE 3! MODE 4| MODE 5i TOTAL
HEAT UP 13 1 13 5 10 | 42 |
REACTOR T. .2 0 i 0 | 12 0 0 12
W ——— - - l ....... |--‘--~- R e e - :
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JABLE 6.5.1.2-1 (cont.)

SUMMARY OF CYCLES BY INTENSITY, MODE, AND PLANT EVENT FOR T/C No. 1

Mode descriptions are provided below:

Mode Rescription

Reactor critical at greater than 5% power

Reactor critical at less than 5% power

Reactor coolant loop at 547 F (Hot Standby)

Reactor coolant loop temperature is greater than 200 F

but it is less than 350 F (Hot Shutdown)

5 Reactor coolant loop temperature is less than 200 F
(Cold Shutdown)

6 Refueling

SN
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TABLE 6.5.2.11

SUMMARY OF SSDC 1.3, REVISION 2 TRANSIENTS
(Reactor Trip And Heatup Only)

REACTOR_TRIP

lLoss of load

Loss of powver

Partial loss of

flow

Reactor trip

RCS depressuril-
zation 2(
Control rod drog 8(
Safety injection _60

a1 B
/163 (J0OTal)

Ad)

(loop cut of sevice) was excluded because

case II, III, and IV events result 1n a react«
-~ ¥

¢

LA N A

applicable to the Beaver Valley Unit 1 design bas

Case
Case
Case
Case

Normal
Upset
Emergency
Faulted




€.5.2,2 ACTUAL NUMBER OF EVENTS SINCE 19879

The actual number of plant heatups that have
taken place between 1979 and 1588 is 20. The
actual nunber of reactor trips that have
occurred between 1979 and 1%88 is 30.
Prorating these values for %the remaining 37
years of life since 1979 results in 37/9 x 30
= 123 reactor trips. Additionally the
prorated number of events for a forty year
plant life would be 102 heatups ( 37/9 x 20 +
20 heatups before 197%) and 15€ (123 + 33
reactor trips before 1979) reactor trips. A
heatup event 1is considered to occur if
gignificant time was spent in Mode 3. It is
noted that the actual number of expected
cycles is mucn less than the postulated design
events (see Table 6.5.2.1-1).

6.5.3 ESTIMATE OF CYCLES (AND CALENDAR TIME) TO INDUCE
CRACKING

The estimate of cycles to ina.ce cracking was developed
by the following analytical s eps:

The one dimensional heat transfer program HTLOAD
(Ref 9,60) was utilized *. generate a family of
outside wall temperature versus time profiles for
an up transient and a down transient (see Figures
6.5.3-1 and 6.,5,3=2). These profiles are
conservative because the actual profile is probably
a ramp. The up transirat was input as a step from
80° F to 557° F. The down transient was also input
as » step with a temperature range from 557° F to
80° F. Velocity and the corresponding coefficient
of heat transfer were varied based on a constant
but arbitrary flow rate of 1000 gpm and changing
the flowing portion of the pipe (hydraulic radius).
The flow rate of 1000 gpm was selected because it
is approximately 10% of the design flow rate for
the line and would therefore allow thermal
stratification to occur. The full intensity (477°
F) up transients and down transients were reviewed
to determine the representative up transient and
down transient. A best fit approach was then used
to select the most appropriate up and down
transient profile from the HTLOAD results (i.e.,
HTLOAD outside wall temperatures). Lesser
transients considered only a fraction of the full
range profile results (i.e., 400° F intensity
ranges consider 84% (400/477) of the full range
case) . Westinghouse analysis results correlate
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well with the best fit curves selected. The
maximum coefficient of heat transfer selected by
Westinghouse at the fluid interface was 2000
Btu/hr-fti-°F [Ref. 9.17). This analysis selected

2028 Btu/hr-fti-¢F,

An analysis was then performed to determine the
calculated cumulative usage factor (CUF) for the
two plant events identified. Subparagraph NB-3650
from ASME Section III - 19389 was used to provide
guidance for the analytical methods utilized. The
up transient peak stress was determined to be
101,000 psi, while the down transient peak stress
was determined to be +~74,000 psi for the full
potential transients (i.e., 80° F to 557° F and
§57° F vo 80° F respectively). Stratification of
the steam generator nozzle also generates a global
bending moment range. This range cycles along with
the local thermal effects above and this peak
stress range was calculated to 5000 psi. The total
peak stress range is approximately 180,000 psi.

The CUF was determined to be 0.0596 for one plant
heatup and 0.,n623 for one reactor trip. These
values are based solely on the 1989 post 7R restart
data. Whe~ these values are extrapolated they
indicate that approximately 16 plant events (i.e.
plant events are defined here as heatups or reactor
trips) can occur before cracking 1s predicted
(.0623 x 16 = ,9968). When the cumulative usage
factor exceeds 1.0, cracking is considered to have
been initiated in accordance with design basis
criteria. Fourteen plant events have occurred
since the taper transitions (elbow) on loops B and
C adjacent to the steam generator were replaced.
The loop B and C elbows were last replaced in 1988
while the loop A elbow was replaced in 198%. These
14 events occurred over 2 1/2 years. The plant has
also experienced an average of over 5 events per
year since 1979 (30 reactor trips + 20 heatups / 9
years). The operating period between 1576 and 1979
has been excluded from the average events per year
calculation because this was the unit's first fuel
cycle. The 1976 to 1979 time periuvd is not
indicative of how the plant is operated today.
Since the average number of events is 5.5 , 16/5.5
is approximately 3 years. Therefore the taper
transition is considered to be crack free until the
summer of 1991, This roughly corresponds to
operation between 8R and 9R. Note that cracking
was discovered at the taper transition in 1979 and
in 1988 after about 50 events. This would equate
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to a CUF of about 3. This may be a realistic value
for crack initiation., The postulation of cracking
at a component with a2 CUF of 1 is consistent with
ASME Section III.

6.5.4 SIGNIFICANCE OF LOCAL THERMAL STRATIFICATION
VERSUS PIPE GLOBAL STRATIFICATION TO INDUCE
CRACKING

The global bending moments generated by global
thermal stratification are considered to be self-
limiting for the pipe geometry and support
locations at Beaver Valley Power Station-Unit 1
pased on extensive analysis. The global
stratification bending moments are a function of
pipe geometry, support location, and top to bottom
differential thermal growth due to top to bottom
differential temperature. The stress generated by
glcbal thermal stratification was found to be
relatively insensitive to support function changes
for these specific piping configurations. The
thermal stratification Class 2 stress was basically
unaffected and always less than 15 ksi intensified
for the current pipe support scheme considering the
deletion of one or more supports. Since this value
is well below the yield stress limit (35 ksi) and
the significant global stratification cycles were
determined to be infregquent and time independent
when compared to local thermal stratification,
global thermal stratification was determined not to
significantly contribute to the cracking at
feedwater nozzle taper transition.

6.6 INSTALLATION

Another possible contributor to the irregular pipe
deformation pattern that was considered was a lack of
installation control procedures. Cracking was first
identified on the taper transition to the steam generator
nozzle in 1979 at Beaver Valley Power Station-~Unit 1.
All three loop elbows adjacent to the steam generator
wvere replaced twice prior to the discovery of the
irregular pipe deformation pattern, once in 1979 and once
in 1988. Since no installation controlling procedures
were provided to construction to recheck rupture
restraint gaps and support locations, it is possible that
some or all of the misalignment of the feedwater lines
occurred during the elbow replacement tasks. A NUPIPE-SW
computer analysis was performed to quantify the pipe
movement duiing installatic.a and is discussed in the
following section.
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©.6.1 DISPLACEMENT MODEL

Loop A and C models were developed in order to
analyze the effects of reducing the steam generator
nozzle length by one inch. The one inch dimension
was arbitrary, but was also considered to be within
the reasonable bounds of nozzle length los. due to
wald preparatlonzshrxnkage. A displacement of one
inch in the direction of the steam generator nozzle
was input in both loops A and C. see Figure 6.6.1-
1 for loop A monoballs free, Figure ©.6.1-2 for
loop A monoballs locked up ¢! Figure 6.6.1-3 for
loop € (monoballs unlocked) for the horizontal
displacement results which were plotted by NUDRAW-
SW [Ref, 9.51). A ~<mmary of the cor--~"-*ion with
the as-found Pipe position is provic n Section

(’).(l-c‘-

€.6.2 CORRELATION WITH AS-~FOUND DISPLACEMENT POSITION

The as~found Pesition of bovrn loops A and ¢ was up
and in towards the reactor on the annulus poertion
of piping in the vicinity of the steam gener=tor.
The figures in Section €.6.1 show that both loops A
and C are drawn towards the reactor when the steanm
generator nozzle length is reduced. No change in
elevation is identified by the figures for the
input horizontal displacement. However, if the weld
Preparation on the elbow under the replaced elbow
was cut long, the Pipe would shift upward,
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The piping was not relocated and a povtion of
the shim stacks were installed creating a
small gap on the upper inboard to the reactor
side Dbetween the feedwater line and the
rupture restraint. Most transient events
experienced by Beaver Valley Power Station=-
Unit 1 per the Licensee Event Report (LER)
listing are not of a significant magnitude
such that ar irregular pipe weformation
pattern would be expected to occur.

7.1.1.2 PIPING MISALIGNMENT DUE TO THL 1979 AND
1988 ELBOW REPLACEMENT

The piping which may have been relocated by
the water hammer loads was not 2ero gapped
against the rupture restraint on loop A after
the last significant water hammer event had
been recorded in 1981 in the LERs. Only the
installation could have relocated the piping
from 3/64 inch gap (EM No. 60322) to zero gap
after the 1981 FRV linkage failure induced
water hammer on loop A. Only woiping
misalignment due to the 197% and 1,8(L ‘'bow
replacement could be responsible for the
irregular deformation pattern on loop C. The
other possible root causes were determined to
be nonfactors and are summarized below.

7.1.2 NONFACTORS

Local stratification as the name implies is only a
local phenomenon and could not permanently relocate
the piping. Global stratification class 2 stress
levels with or without moncballs locked were
determined to be well below the yield stress limit.
Therefore global stratification coculd not have
contributed to the irregular deformation pattern.
Since no pipe support damage was reported, steam
generator water hammer and fecdwater regulating
valve resonance/vibration were also eliminated as
possible sources of piping irregular deformation
pattern (pipe support damage would be expected to
occur before pipe yielding could begin).

7.2 STEAM GENERATOR NOZZLE TAPER TRANSITION CRACKING
All of the potential root causes were evaluated and are

categorized as either factors cr nonfactors. Factors and
nonfactors are presented below:
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7.2.1 ROOT CAUSE FACTORS

The root cause of the steam generator nozzle taper
transition cracking has been determined to be
local thermal stratification, Rapid fluctuations of
the through wall pipe temperature during Modes 1, 2
and 3 (See Appendix C' are associated with
significant fatigue of the feedwater nozzle taper
transition. The effects of the rapid through wall
temperature changes vere quantified and determined
to be consistent with the issues identified in NRC
1E Bulletin 79~13 [Ref 9.12). The aralytical
results indicate that cracking on thc steanm
generator nozzle t¢ 'er transition could begin to
occur after about 1’ events. One event is defined
here as one heatup from the refueling mode or one
reactor trip (See Appendix C). This corresponds to
a time ;oriod of concern beginning during the
rummer of 1591, (see Section 6.5 for the detailed
aiescuseion of analysis results).

7.2.2 NONFACTORS

Several different feedwater system transients were
identified as possible root causes or contributoss
to the taper transition cracking. The following
1ist of transients were determinnrd not to
significantly ~entribute to *he cyclic fatigue
cracking identified by metallurgic:sl examination:

a. Global stratification was eliminated
because of the small number of events
recorded during the post 7R heatup, the
apparent independent nature of the global
and local stratification cycling and the
relatively low magnitude of stress levels
generated at the taper transition (see
Section 6.5.4).

b. Main feedwater regulating valve (FRV)
instability alone was eliminated because
the magnitude cf ‘oads generated due to
this event is beiow the elastic limit of
the pipe. Aithough resonance has been
identified on ‘he A 'oop at 66% power
(Ref. 9.35), instrumentation has
confirmed that large or ssure
oscillations and the resulting large
forcing functicis are not being generated
into the piping system. For the water
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hammer event to occur, the resonance must
cause a mechanical failure (i.2., linkage
) at the valve as was the case in the
1981 event. Water hammer due to the
failure of the FRV is a separate issue
and has only occurred once on loop A at
Peaver Valley Power Station-Unit 1 since
the last replacement ¢ the elbow and
was, thorefore, also eliminatel.

¢. Steam generator water hammer was
eliminated because no evidence of a2 stean
generator water hammer was identified
after the replacement of the elbows in
1979.

d. Installation, which was identified as a
centributor to the irregular pipe
deformation pattern, is a one~time event
and, therefore, could not contribute to
cyclic fatigue.

7.3 GLOBAL STRATIFICATION

Global thermal stratification of the loop A feedwater
line at Beaver Valley Power Station~Unit 1 was identified
during the reduction of post 7R heatup data. Based on the
collected data, global thermal stratification causes the
feedvater line to deflect with a larger magnitude and in
the opposite direction of the design basis eshalysis. This
phenomenon occurs on all three feedwater lines at the
station. Analysis of all three lines for the global
stratification phenomenon indicated that the piping met
the ANSI B31.1 1967 design basis eguation allowables.
Certain pipe supports when considering global thermal
stratification and locked monoballs, could not meet their
original design besis equation requirements but have been
shown to meet aiternate criteria (see Table 6.3~4).
Global stratification could also account for the
dislodged shim stack= at restraint FWR-1.

7.4 POTENTIAL FOR FUTURE WATER HAMMER

During the investigation of the irregular pipe
deformation pattern it became apparent based on review of
LER's and the lack of support damage that although Beaver
Valley Power Station=Unit 1 had not recently experienced
a water hammer initiated at the steam generator other
PWRs of a similar vintage and design had. Summarized
below are four items of concern that are directly related
to the potential for future steam generator w»ater hammer
at Beaver Valley Power Station-Unit 1.
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7.4.2 THERMAL SLEEVE ERCSION

Erosion of the Westinghouse low toleranca slip fit
thermal sleeves have been examined. Localized gaps
of up to 1/4 inch have been found on operating
steam generator Zeedring slip fit connections. The
void of 22 cubic inches postulated at Trojan could
easily develop in less than 30 seconds with this
magnitude of gap. The veid would be generated
before the auxiliary feedwater system could supply
water to the partially uncovered feedring. Since
the integrity of the thermal sleeve slip fit is
unknown at Beaver Valley Power Station-Unit 1
(Westinghouse has welded this connection in mere
recent installations), the potential for a water
hammer egually or more severe than the event at
Trojan is significant and should be gquantified.

7.4.3 J-TUBE EROSION

Another potential concern which is sirilar to the
erosion of the thermai sleeve is erosion of the J-
tules on the top of the feedring. The J-tubes were
installed as a design modification to prevent steam
from entering the feedring. These tubes have Dbeen
found to erode at a faster rate than the corrosior
allowance originally anticipated and specified by
Wee. inghouse. Several eroded J-tubes (the latest
inspection performed during the 7R outage indicates
that the worst erosion loss is as great as 50%
locally) could result in a signif. cant water
hammer. The verification of the erosion to the J-
tube lends additional credence to the concern that
the thermal sleeve is also ercding. The sleeve and
J=tubes are composed of similar material. The
integr.ty of the J-~tubes should be verified. The
feedring was originally provided with holes in the
bottom. These holes were plugged when the J-tubes
were installed. The integrity of these plugs
should be verified to prevent a severe water
hammer.

7.4.4 AUXILIARY FEEDWATER IMPLICATION

The auxiliary feedwvater supply is provided by a
safety related source (demineralizer water storage
tank) which is located in the yard and is protected
from fre-zing by space heaters. The rapid injection
of cold auxiliary feedwater will collapse a steam
void more rapidly than the injection of auxiliary
feedwater at a slower rate. Westinghouse Technical
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Bulletin [Ref. 9.58) and NUREG-0281 [Ref. 9.31)
recommended this to minimize the effect of
coliapsing any voids that occur in the feedring.
The adoption of a maximum auxiliary feedwater flow
rate limit is advised in order to minimize the
auxiliary feedwater flow. Reduction of the flow
from the existing maximum available flow rate of
approximately 460 gpm per steam generator is
considered to be a prudent water hammer prevention
precaution,

Any consideration of imposing a maximum upper limit
on auxiliary feedwater injection to minimize water
hammer potential has to consider that minimum
auxiliary feedwater flow rates must be provided to
satisfy safety/accident analysis,
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8.0 RECOMMENDNED CORRECTIVE ACTIONS

Recommended corrective actions to prevent reoccurrence of the
irregular pipe deformation pattern and the steam generator
nozzle taper transition cracking are presented in this
section. In addition corrective actions are also provided to
prevent future steam generator water hammer to which Beaver
Valley Power Station-Unit 1 is susceptible and to address and
qualify p:pe supports under certain conditions (i.e., global
stratificition and monoball Jlocked conditions). The
corrective actions are categorized as mandatory, strongly
recommended and recommended. Mandatory corrective actions are
the minimw actions reguired to meet design basis
requirements. Strongly recommended corrective actions are
those actions that significantly enhance the reliability of
the unit. Recommended actions are those actions which
establish baseline information in support of future NRC
ingquiries and or enhance the reliability of the unit.
Mandatory, strongly recommended and iecommended corrective
actions are presented in Sections 6.1, 6.2 and 8.3
respectively.

8.1 MANDATORY CORRECTIVE ACTIONS

The mandatory corrective actions involve two of the four
concerns discussed above. The irregular deformation
pattern and the potentially locked monoball supports
require correction. There are ro mandatory corrective
actions reguired for the future possible water hammer or
stean generator nozzle cracking concerns.

8.1,1 IRREGULAR DEFORMATION PATTERN

The mandatory corrective action for the irregular
pipe deformation pattern is to realign the piping
to its as-designed position. This was accomplished
during the unit's 7th refueling outage.

8.1.2 GLOBAL STRATIFICATION AND POTENTIALLY LOCKED
MONOBALL SUPPORTS

The mandatory corrective actions for global
stratification and potentially locked monoball
supports are to:

a. Confirm analysis assumptions through an
enhanced instrumentation program (see
Section 8.1.2.1).



b, Revise pipe rupture criteria to be
consistent with Mechanical Engineering
Branck Technical Position 3«1 (MEB 1+1)
(see Section £.1.2.2).

e, Measure the existing elbow wall thickness
(see Section £.1.2.3).

d. Modify or replace the monoball supports
R=3, R-4 and R~11 which do not meet plant
design Dbasis criteria (see Section
8.1.2.4).

€. Inspect supports to verify input
assumptions (see Section 8.1.2.95).

Perform an interim evaluation, implement
OBE seismic 1i-ius and issue a
justification for continued operation
(JCO) (see Section 8.1.2.6€),

g. Revise design basis documentation to
include ASME Boiler and Pressure Vessel
Code Case N-318 (see Section 8.1.2.7).

These issues are discussed in detail in the
following paragraphs.

8.1.2.1 CONFIRM ANALYSIS ASSUMPTION THROUGH
. INSTRUMENTATION

The loop A and C current design basis analyses
which cualify the piping and pipe supports are
based on a scale factor (62%) of the potential
thermal stratification during auxiliary
feedwater injection, post reactor trip at 100%
power., The loop B piping is based on 100% of
the potential, This is a conservative
approach for this loop and provides long term
gqualification for the piping components
independent of results from future data
collection activities. The scale factor of
€2% is Dbased on reduction of plant data
recorded from temporary instrumentation on
loop A during one plant restart and one
reactor trip. The AFW event occurred at 26%
poewer and these results were then extrapulated
to the 100% power caseé. Since these results
are based on only one reactor trip at less
than full power on only one of the two loops
of concern, the recommendation is made to
gather additional baseline data. Instruments
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should be placed on ioop C. In addition to the
loop C instrumentation, loop A instrumentation
must also be upgraded to obtain the most
accurate thermal stratification profile. The
additional instrumentation will provide a more
detailed thermal stratification profile for
analysis if the current 245° F of thermal

stratification is exceeded,. See Figures
€.1.2.1-1 (loop A) and 8.1.2.1-2 (loop C) for
instrumentation locations, types and

guantities recommended.
8.1.2.2 REVISE PIPE RUPTURE CRITERIA (MEB 3-1)

Pipe stress analysis equations for all design
basis criteria were satisfied except for the
pipe rupture criteria. The current Beaver
Valley Power Station-Unit 1 design bLasis pipe
rupture criteria is more conservative than the
current NRC criteria. Review of the NRC
Mechanical Engineering Branch Technical
Position 3-1 (MEB 3~1) (Ref. 9.6) of Standard
Review Plan 3.6.2, the most current NRC
pesition, indicates that relief from the
conservative Beaver Valley Power Station-Unit
1 pipe rupture criteria is available and
aprplicable to Beaver Valley Power Station-Unit
1. Based on the newly identified global
stratification condition, it is necessary to
adopt the current NRC pipe rupture stress
limits in order to show compliance to a long
term plant design basis for pipe rupture.
Therefore, the latest NRC criteria, MER 3-1,
was adopted for the feedwater lines., It is
also recommended to adopt the latest criteria
for other systems if reanalysis is performed
on them.

8.1.2.3 MEASURE EXISTING ELBOW WALL THICKNESS

In 1981 wall thinning of the eedwater lines
was identified. The manufactured wall
thickness per catalog data is .843 inches.
However, the wall thickness may be as low as
.750 inches. The current analyses for the
unanalyzed condition consider a wall thickness
of .843 inches (for the piping and elbows) for
the structural analysis and considers local
thinning down to .75 inches. Since the loop
seal elbows which are not replaced during the
addition of the thermal sleeve are at
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critical stress locations and will be easily
accessible during the thermal sleeve
installation, the wall thickness of these
elbows should be measured. This will confirm
that use of a .843 inch wall thickness for the
elbows (a critical stress area) is
appropriate. This wil., not be required if
these elbows are replaced per Section 8.13.3.5.

8.1.2.4 PIPE SUPPORT MODIFICATIONS

Inspection of the mono. 111 support RS during
7R indicated that it may not have been
functioning properly. Pipe stress analysis of
the feedwater lines .ndicated that the
remaining monoballs were potent.ially neot
functioning properly. The best correlation of
loop A recorded data occurs when all loop A
monoballs are considered as 1-way restraints
(i.e., monoballs are designed as vertical only
supports but are also restr.ining the axial
and lateral directions). Analysis of the
monoball supports indicate that they do not
meet the plant design basis criteria. 1f
these supports (H-3 and H~4 on loop A) are not
functioning properly and they do not neet the
plant design basis criteria, they must be
replaced or redesigned to function as vertical
only supports and strengthened to carry the
additional global stratification loads. The
monoball supports meet the one time loading
reguirements per ASME III Appendix F which
allows continued operation of the unit (see
Section 8.1.2.6).

8.1.2.5 PIPE SUPPORT INSPECTIONS

Several inspections of snubbers and hanger
frames are also Treguired to confirm
assumptions. Snubbers to be as-built are HSS-
201, HSS-202, HSS8-203, HES-204, HSE~20. HSS~
206, H88~-212 AND HSS-212A. Frames to be as~
built are H~3, H-4, H-5 and H-11.

8.1.2.6 INTERIM EVALUATION

All piping system components did not meet the
4esign basis acceptance criteria when
considering effects of global stratification
and potentially locked monoballs. In order to
justify the continued operation of the unit,
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appropriate interim acceptance criteria were
developed and utilized in the evaluation of
piping and supports. These alternate criteria
vere applied to qualify monoballs support
frames and to evaluate pipe break stress
levels. Appendix D discusses specific criteria
utilized and affected piping systam
components. An acceptable limit for an OBE
event, egual to .25 of the existing OBE .iimit,
was deternmined for interim plant operation,

8.1.2.7 REVISE PIPE SUFPORT CRITERIA

Pipe support SH-6 was analyzed using ASME
Boiler and Pressure Vessel Code Case N-318
[Ref. 9.64). This code case provides
alternate criteria for the evaluation of
piping local stresses due to integral welded
attachments. Code Case N-318 identifies
current criteris avajilable for the analysis of
rectangular integral welded attachments. It
provides relief from overly conservative
stress indices and allowables provided certain
geometric limitations are satisfied.
Therefore, Code Case N-318 was adopted for
the analysis of integral welded attachments.

8.2 STRONGLY RECOMMENDED CORRECTIVE ACTIONS

The strongly recommended corrective actions are primarily
concerned with steam generator nozzle cracking and future
possible water hammer events that were identified during
the review for the root cause of the irregular pipe
deformation pattern.

8,2.1 STEAM GENERATOR NOZZLE CRACKING

The recommended corrective actions for the steanm
generator nozzle taper transition cracking are a
modification to install thermal sleeves to prevent
reoccurrence of the cracking, and pre/post
installation inepection of the feedwater line after
the modification. These two actions are discussed
below in Sections 8.2.1.1 and 8.2.1.2 respectively.

8.2.1.1 MODIFICATION
Analysis of the specific steam generator loop
A nozzle taper transition and associated
thermal transients indicates that the cracking
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generator must be inspected to assure that
significan’ erosion of the slip fit connection
has not occurred. This corrosion has been
documented at Trojan Power Plant and was
determined to be the cause of a severs water
hammer event. The inspection can be easily
performed during the installation of the steam
generator nozzle taper transition thermal
sleeve, when the two closest elbows of the
loop seal to the steam generator are remcved,
Erosion of the slip fit must be corrected to
prevent a ~ignificant water hammer event
similar to Trojan's from occurring at Beaver
Valley Power Station-Unit 1.

8.2.2.2 J=TUBE EROSION INSPECTION

Another possible cause of steam generator
water hammer is the erosion of J~tubes or the
loss of bottom plugs on the feedring. Only a
22 cubic inch stean void is considered to have
caused the 40 kip loads postulated at Trojan.
Several missing plugs and/or leaking J-tubes
could allow enough steam to enter the feedring
to cause a severe water hammer at Beaver
Valley Power Station-Unit 1, The J~tubes and
feedring prlugs should be inspected. Missing
pluge or severely eroded J-tubes should be
replaced to prevent a significant water hammer
event from oc¢ .rr.ng at Beaver Valley Power
Station-Unit 1.

8.2.3 TACK WELD SHIM STACKS

The rupture rstraint shims stacks on the Beaver
Valley Power Station-Unit 1 feedwater lines have
been dislodged several times due to water hammer
events and thermal movements in combination with
the irregular pipe deformation pattern. Tack
welding the shim stacks would better maintain the
appropriate rupture restraint gaps. This would
eliminate periodic replacement efforts by
construction and maintain the appropriate rupture
restraint gaps. Existing design basis water hammer
and seismic displacements would not contact the
rupture restraints however global stratification
displacements can close the gaps.

8.3 RECOMMENDED CORRECTIVE ACTIONS

The recommended corrective actions are primarily
concerned with future possible water hammer events and
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.2 LIMIT MAXIMUM AUXIL.ARY FEEDWATER FLOW

A limit on the maximur AFW flow rate should be
established and implemented in order to reduce
the magnitude of a steam generator bubble
collapse water hammer., Reducing AFW flow will
slow down the rate of tr'e steam bubble
collapse if a steam bubble exists 1n the
steam generator feedring) which will reduce
the magnitude of water hammer loads. This was
recommended in Reference 9.58, Beaver Valley
Power Station-Unit 1 currently uses an AFW
flow rate of approximatel, 50 gpm per steam
generator. This should be Jeduced to 150~20(
gpm. Although 150 gpm 18 recommended Dby
References 9.58 and 9.37, the current minimum
desien flow is approximately 175 gpm. The BV~

|
1

1 plant 1C stean generator flow

requirements may q a flow rate greater




than 150, gpm, but one less than 175 gpm can
be achieved.

8.3.2 INSTALL MIN~K INSULATION AT ALL RUPTURE RESTRAINTS

Installation of MIN~K insulation at all feedwater
rupture restraints inside containment will
facilitate inspection of the rupture restraint
gaps. Future required inspections of these gaps
are considered to be likely based on the feedwater
lines operating history and concerns about water
hammer and global stratification. The installation
of MIN-K insulation would require a review of
affected des.gn calculations to ensure design basis
regquirements are maintained.

8.3.3 OTHER CONCERNS

Recommended corrective actions for other concerns include
the following items to:

a. Review global stratification effects in the
MSVH and Turbine Building (see Section
$.3.3.1).,

b. Perform sample NDE's inside containment to
verify wall thickness (see Section 8.3.3.2).

- NDE the auxiliary feedwater nozzle in the MSVH
(see Section 8.3.3.3).

d. Replace the remaining loop seal grade B elbows
with grade C material (see Section 8.3.3.4).

e. Inspect other monoball supports (see Section
8.3.3.5)

These issues are discussed in detail in the following
paragraphs.

£.3.3.1 REVIEW GLOBAL STRATIFICATION EFFECTS IN
THE MSVH AND TURBINE BUILDING

The feedwater lines inside the MSVH and
Turbine Building should be reviewed for global
thermal stratification effects.
Instrumentation and selective nondestructive
exam'nation of these lines «hould |Dbe
undertaken to ensure that no detrimental
unanalyzed condition is occurring in the MSVH
and Turbine Building.
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8.3.3.2 PREFORM SAMPLE NDE'S TO VERIFY WALL
THICKNESE

Concerns exist from previous evaluations that
portions of the feedwater lines inside
containment have wall thickness of .750 inches
instead of «B43 inches. Selective
nondestructive examination (NDE) of each
feedvater line would determine the magnitude
of the feedwater iine wall thinning problem
and help substantiate the existing analysis.
The loop seal elbows are exempted from this
recommendation because their inspection is
required per Section 8.1.3.3.

8.3.3.3 NDE AFW NOZZLE IN MSVH

The auxiliary feedwater nozzle in the MSVH is
subjected to relatively high thermal stresses
after a reactor trip. After 2 reactor trip
the auxiliary feedwater system is activated
and water from tank WI-TK-10 at a temperature
as low as 45° F is injected into 441° F
feedwater line. NDE of this connection would
assure integrity of the nozzle and of the
' remaining piping system up to the steam
generator nozzle. The AFW connection is the
most thermally stress fatigued region of the
feedwater system with the exception of the
steam generator nozzle because of the 45° F to
441° F step change. Fortunately the number of
events is relatively small and no indications
would be expected upon NDE.

8.3.3.4 REPLACE REMAINING LOOP SEAL GRADE B ELBOWS
WITH GRADE C MATERIAL

The four existing steam generator loop seal
short radius elbows on each feedwater line are
currently stamped as grade B material. These
elbows are the most highly stressed components
of the system due to global thermal
stratification. The two elbows closest to the
steam generator are being replaced with grade
¢ material during the thermal sleeve
installation. Grade B and C materials have
yield stresses of 35 and 40 ksi respectively
Replacement of the remaining two elbows 1n
each loop seal could also be made thereby
insreasing the margin of safety. These elbows
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must be removed to facilitate the installation
of the new thermal sleeves.

8.3.3.5 INSPECT OTHER MONOBALL SUPPORTS

Power Station-Urit 1 that are not addressed in
this report should be inspected to ensure that

|
|
|
All other monoball supports on Beaver Valley
they are constraining the pipe as designed.
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AEFPENDIX B
10.2 GRAPHS OF OCTOBER 6, 1990 MANUAL COOLDOWN
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ACPENDIX C
10.3 PLANT EVENT DESCRIPTIONS
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EVENT

1. Heatup (1)

2. Heatup (2)

3. Manuial cooldown
(1)

4. Manual cooldown
(2)

5. Reactor Trip
(1)

6.Reactor Trip
(2)

APPENDIX C

ACTIVITY

Hot stand-by cycling

from Mode 3 to Mode
1 low power
operation.

From Mode 5 to Mod:
3 and then returning
to Mode 5

From Mode 1 to Mode
3 and then returning
to Mode 1

Mode 1 to Mode 65
with subseguent
heatup

Auxiliary feedwater
injection resulting

in cooldown to Mode

L7

Auxiliary feedwater
injection resulting
in cocldown to Mode
3 and heatup back to
Mode 1

133

RESULTS

Significant cycling of
local stratification at
steam generator nozzle

from Mode ° to low
power operation.
Produced local

stratifi~- “on.
No sigoni.icant global
stratification.

Intrasystem ywlobal
stratification.
Significant local
stratification.

Not counted as a heatup
cycle.

Produced intrasystem
global stratific tion.

Significant local
stratification.
Subsegquent heatup
counted as a heatup
event.

Produced significant
cycling of local

stratification at the
steam generator nozzle.
Produced global
stratification.

Not counted as a heatup
event.

Produced significant
cyeling of local
stratification at the
steam generator nozzle.
Subsecuent heatup
countea as a heatup
event.



APPENDIX D
10.4 JUSTIFICATION FOR CONTINUED OPERATION
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APPENDIX D

BEAVER VALLEY POWER STATION-UNIT 1
FEEDWATER SYSTEM EVALUATION
JUSTIFICATION FOR CONTINUED OPERATION (JCO)
DECEMBER 13, 1991

)

Duguesne Light Company has been conducting an evaiuation the main feedwater piping inside

containment at Beaver Valley Power Station-Unit | due to the history of cracking that this piping
has had in the vicinity of the steam generator nozzies. Init al concerns reiated (o cracking 1
feedwater system piping were identified in NRC IE Bulletin Mo, 79-13. The short radius elbows
on the Beaver Valley Power Station-Unit | feedwater piping immediately upstream ol

generater nozzie have beer replaced twice on loops B and C and three times of loop

inside wal! cracks. The locauon and type of crack seemed to indicate

nozzle was experiencing un-xpected thermal cycling g

refueling outage (7R) in November 1939 1t was also noted that the p Aand C

piping inside coniainment was misaligned in the vicinity of the systen upture restraints
misalignm~nt was most pronounced at the first rupture restraint upstream of the steam generato
nozzle (FWR-38 and FWR-1, in loops A and C respectively). ° iffected piping was cut and
reinstalled, and the rupture restraint gaps v 2re reset (10 d

In order to help determine the probable cause(s) of the piping m ) nt, e loop A
feedwater piping 1nside conta ;.";mc:‘: was instrumented with rmocouples and lanyards pnior

1("'.1f\::r;t~'n and displacemert data wery recorded

to the plant resiart after the 7R outag

e
between 12-15-89 and 1-19-90, during which time the plant experienced several events including

a reactor trip at twenty-nine percent power and wal cooldown. Additional data were
‘a

recorded between 10-6-90 and 10-13-90 following & ual cooldown

A review of the recorded data indicated that the feedwater piping experienced significant global

thermal stratification and that the nozzle was subjected to significant therma! cycling. Based or

these data, thermal stratification was initial'v identified as  possible cause of the local nozzie
cracking and the giobal piping deformation. The thermal s ratification phenomenon results in
the upper part of the feedwater p'.pc to be heated to a "ghe temperature than the lower part
The difference in the temperature and resultirg differentia’ thermal expansion

oM 3 - 5 1 20 ‘ - = ’ y  F Y Y3 't ”
and bottom o\ the piping 1nauces hCTL.A”.;, nd stznificant gaetiecuons

iping. This does not cause an overstress of the p:p:n;

Additional evaluations utiliz'ng ecorded 2 indicated that the monoball
restraints may be lockar E-Lipilt;hz g certain system conditions. 1his IOCKIng-up 01 the

¢

s . ~ " reeIr 24 T Ve p r YIMINGe teom \ ) 1 3 Y
results In unanticipated system restraint on the feedwater dDiping systen inside contai

Recent thermal stratification analysis of the aftected feedwater piping (loop A, B and C inside
containment) was performed utilizing

above. This analysis also addressed the impant resulting from the potential of locked-up

b aipidadl taerre : ansd ik é e X
the recorded temperature and di icement dala noted

3 " L : & ~1 " R e " - B anat ” o pr— 3 v LYY LT \ '
feedwater system monoball supports. The loop B analysis considered the maximum theoretc
potentia ern stratification (maximum main feegwater emperature ninimum auxitiary
reeawa'er temperature) I hat analysis envelopes ail probabie thermal stratificatl pi les and

no further ac 1§ required for loop B

1 e (h'\r‘“‘.xd aild 111cation !""("‘ £5 analy zed 1 { 4 dilll W ‘\r\;‘.'\‘.'k't‘.




APPENDIX D

differential of 245 degrees F which corresponds to about 60 percent of the maximum theoretical
potential thermal stratification. This temperature differential of 245 degrees F is based on the
limited data obtained between 12-15-89 and 1-19-90 and between 10-6-90 and 10-13-90. The
acceptability of these temperature profiles will be confirmed pending the resuits of a more
comprehensive instrumentation program to be performed on the main feedwater system at Beaver
Valley Power Station-Unit 1.

The above noted analysis conciuded that all system pipe stress levels are within design basis
allowable limits. Additionally, the revised pipe stress ievels do not result in any new pipe break
locations based on the criteria provided in NRC Mechanical Engineering Branch Technical
Position 3-1 of Standard Review Plan 3.6.2. Beaver Valley Power Station-Unit 1 is not
currently licensed t- MEB 3-1. However, MEB 3-1 is the most current NRC criteria and use
of it for interim plant operation is appropriate provided a future licensing change is performed
to incorporate MEB 3-1.

+n evaluation of the steam generator nozzles and containment penetrations concluded that the
ew loads are within design basis allowable lirnits.

Analysis of the feedwater system pipe supports has resulted in component stresses that exceed
design basis allowable values. A further analysis of the affected pipe supports concluded that
there is an acceptable design basis which provides a justification for continued operation (JCO)
for Beaver Valley Power Station-Unit 1, Specific details of this support review along with future
system recommendations are contained in the following paragraphs.

Since thermal stratification of the feedwater piping can occur during normal plant operation, the
resulting loads from this load case are considered to be normal thermal loadings for pipe support
design conditions. That is, ihermal stratification loads are enveloped with normal thermal
loadings and combine¢ with deadload to determine normal support aesign loads. Specifically:

DL + THERMAL = NORMAL SUPPORT DESIGN LOAD

Where: DL = Deadload
THERMAL = Therma! including thermal stratification efiects

This normal design load was compared to the existing design basis norma! aliowabie to
document component acceptability.

Additional suppoit design loads which include the effects of occasional loadings (seismic and
time history effects from fluid transients events) are also evaluaied in determuning support
acceptability, The normal loading described above was combined with occasional loadings to
determine the additional support design loads. Specifically:

DL + THERMAL + SRSS(OBEI, TH) + OBEA = UPSET SUPPORT DESIGN LOAD

DL + THERMAL + SRE5(DBEI, TH) = FAULTED SUPPORT DESIGN LOAD

Where: OBE. = Operstional basis earthquake inertia
OBEA = Operational basis earthquake anchor movements
TH = Time history effects from wd transient events
DBEl = Design be«s earthquake inertia
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These support design loa” were compared to existing design basis upset and faulted allowables
to document support @ .~ ‘v. In certain instances where these allowable limits were
exceeded, the critevia ¢ - ... in ASME Section III, Appendix F, "Rules for Evaluation of
Service Loading with _evel D Service Limits", has been utilized to document support
acceptability. This appendix provides alternate stress limits which can be considered when
evaluating loads occurring during a plant faulted condition.

Although the rules for Appendix F apply to Level D Service Limts, the basis for using this
appendix for evaluating the upset OBE loads or the faulted DBE loads is that in the event of a
seismic occurrence of OBE or DBE magnitude, Beaver Valley Power Station-Unit | will be shut
down and a feedwater system inspection will be performed. That is, only one potential upset
seismic OBE event can occur during plant operation for this interim period. Furthermore, prior
to any plant restart following this postulated seismic event, long-term (life of the plant) system
modifications described later in this JCO will be implemented which will result in component
stress levels being within existing design basic allowable limits. Based on this fact, the
utilization of ASME Section IlI, Appendix F methodology and aliowable limits is considered to
be a reasonable approach to evaluate the feedwater pipe supports for this potential one-time
seismic eveni at deaver Valley Power Station-Unit 1.

The maximum support load from the upset and faulted load combinations previously defined was
considered when utilizing the rules of ASME Section III, Appendix F. It should be noted that
the upset load combination which includes occasional time history loads only still satisfies the
existing design basis allowable limits. That is:

DL + THERMAL + TH < UPSET DESIGN BASIS ALLOWABLE

It is acknowledged that while Beaver Valley Power Station-Unit | is not licensed to ASME
Section III and all of the requirements of the code are not met, the application of the principles
of Appendix F are considered reasonable based on the following facts. ASME III and associatad
Appendix F is valid code, utilized in the design of several nuclear facilities. The criena
contained in Appendix F are based upon sound engineering principles and matenal behavior.
The materials used at Beaver Valley Power Station-Unit 1, while not satisfying all of the
requirements of ASME certification, are consistent with the materials specified by ASME III.

Typical allowable stress values contained in ASME Section ITI Appendix F which can be utilized
for component evaluation are as follows:

Component Evaluation Allowable Stress

* Jocal stress at integral welded attachments lesser of 3Sm or 28y

* support members 10 tension lesser of 1.28y of 0.7Su

* support members in shear lesser of 0.728y or 0.428u
“  bolts in tznsion lesser of 1.08y or 0.78u

*  bolts in shear lesser of 0.58y or 0.425u
Where: Sy =  Yield stress

Su =  Ultimate st.2ss
Sm = Design stress intensity
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The pipe support integral welded attachments were evaluated in accordance with Welding
Research Council Bulletin 107 (WRC-107), except in certain instances where ASME Boiler 2~d
Pressure Vessel Code Case N-318 (CCN-318) was used. While CCN-318 is not currently
included as part of the Beaver Valley Power Station-Unit | design basis, the application of CCN-
318 is reasonable based on the following facts, CCN-318 is a valid code and has been widely
used throughout the nuclear industry and it is applicable to all rectangular attachments
conforming to ceriain geometric limitations,

Utilizing the methodologies described above, all pipe supports were evaluated and shown to be
within acceptable limits. Based on these evaluations, it is concluded that the main feedwater
piping system, including pipe supports, equipment nozzles and containment penetrations will be
within acceptable limits during all postulated design basis events including the additional effects
resulting from thermai stratification and additional loadings due to potentially locked-up
monoball supports.

Since the pipe stress, pipe supports, equipment nozzles and containment penetrations have been
Jjudged to be acceptable, it can be concluded that the pressure boundary of the main feedwater
system inside containment will be maintained. Furthermore, the noted reviews provide the basis
for the justification for continued operation (JCO) for Beaver Valley Power Station-Unit 1.

Although the justification for continued operation has been concluded based on the noted
evaluations, it is desirable and appropriate to perform additonal engineering evaluations on the
main feedwater system inside containment, considering potenial system modifications, to
provide long-term (life of the plant) qualification utilizing the existing design basis allowable
limits,

These evaluations would provide an acceptable long-term design basis for all plant conditions
including the effects due to thermal stratification noted herein. Engineering evaluations shall be
performed in a timely manner to support the potentia! system modifications that may be required
as part of this qualification. All modifications resulting from these evaluations will be
implemented during the next planned outage at Beaver Valley Power Station-Unit 1.

The foliowing actions are considered mandatory to provide long-term qualification and to
confirm assun.ptions made in the interim plant analysis.

1§ Develop and implement a complete instrumentation and dati collection program for the
loop A and C piping to verify maximum thermal stratification levels.

2) Perform a licensing change to incorporate MEB 3-1.

3 Perforin a licensing change to incorporate ASME Boiler and Pressure Vessel Code Case
N-318.

4) Perform field inspections to verify the minimum wall thickness of the loop A loop .eal
elbov.s,

5) Redesign pipe supports WFPD-R-3/4/11 to function as vertical supports. These supports
should also be inspected to verify the as-installed configurations.

6) ripe supports WFPD-HSS-201/202/203/204/205/206/212/212A should be inspected to
verify snubber piston settings and available travel in both directions.

7 Implement an intenim OBE limit.
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APPENDIX E
10.5 CHRONOLOGY OF EVENTS WITH TEMPERATURE TIME ZONES
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APPENDIX E
EVENT DESCRIPTION
Feedwater 1solation.
Auxiliary feedwater
injection.

increasing reactor
power level to 2%
power.,

Regulating chemistry.
Generator/turbine trip,
Having difflecuity
maintaining turbine
speed and governor
valve contro

Start 8 hour soak.
Reactor trip.

Having difficulty
contrelling reactor
temperature and steam
generator levels with
steam dumps.

Begin 3 hour soak.
Turbine costdown
following overspeed
testing.

Turbine synchronized

system,

Manual cooldown.

NOTES: * Denotes zone assoclated with heatu
plant from a refueling outage; assoclated
with initial fuel conditioning.

ip of the







DATE

12-14-89

12-16-89

12~18-89

12-18~89
to
12-25-89
N/A
12-26-89

12-26-89

12-27-89%9

12-27-89
to
12-28-89

01-15-90

APPENDIX F

EVENT

2 out of 3 steam generators
high level.

Feedwater isolation,

Auxiliary feedwater injection.
Erroneous reading on steam
generator level transmitter.
Feedwater isolation

Steam generator swell on

opening of TV-MS§~101.
Feedwater isolation

Mode 3 operation.

Commence reactor startup;
Heatup through Mode 2 into Mode
1 (2%) power.

Latch turbine.

Turbine trip.

Generator trip.

Turbine reattached.

Turbine trip.

8 hour soak at 10% power.

Reactor trip (29%) power.
Feedwater isolation.

Auxiliary feedwater injection
of both motor driven pumps.

8 hour soak at 10% power.
Increase to 24% power.
30 hour soak at 30% power.

Manual controlled cooldown Mode

1 to Mode 3 only.
Returned to Mode 1.
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RESULT

Steady local
stratification.
G 1 o | a 3
stratifi.ation.

N/A

Cyeclie local
stratification.

Cyclic local
stratification.

Cyvelie local
stratification.

Cyclic local
stratification.
G 1% Prw g
stratification.

Eyelie local
strat.fication.

Steady local
stratification.
Intrasystem global
stratification (29%)
power.



10~-06-90

Manual controlled cocldown Mode

1 to Mode 3 only.
Returned to Mode 1.
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Steady local
stratification.
Intrasystem global
stratification (29%)
power.






IMAGE EVALUATION
TEST TARGET (MT-3)

-___ -1
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APPENDIX G

It is acknowledged that Beaver Valley 1 is not hivensed to ASME 111 ane !l of the
criteria are not met. However, the use of Appendix F allowables for pipe support
qualification for interim plant operation is considered acceptable based ©n the following
reasons:

e A!ME III is a valid code currently in use at several nuclear power facilities.

e The load cownbinations vsed in the pipe support analyses are consistent or
more conservative than those specified in ASME 11,

e The materials used at Beaver Valley 1 were procurred in accordance with
ASTM specifications. While not satisfying all the requirements of ASME 111
certification, the materials used are similar with those specified in ASME II1.
Furthermore, the minimum vield stresses, ultimate stresses etc. used in the

ipe support analyses =re consistent with the specifications of ASME 111

> e criteria presented in Appendix F is based on sound engineering principles
and material behavior. It is reasonable to expect that the materials used at
Beaver Valley 1 behave as anticipated by Appendix F,

e Beaver Valley 1 was constructed and is maintained using good construction
and inspection practices.
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APPENDIX H

10.8 SUMMARY OF SUPPORT LOADINGS AND !
EVALUATED BY ALTERNATE CRITERI)
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