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References: 1. Docket No. 5C-285
- 1 W. C. Jones to R. A. Clark, OPPD Letter
LIC-84-090, April ¢ 1984,

Dear Mr. Thadani:
Fert Calhoun Thermal Shield Support Cystem Inspection Deferral

In 1984, the Omaha Public Power Di:irict {OPPD) committec to an inspection
of the Foert Calhoun Station reactor vessel thermal shield during the 1987
Outage. (Reference No.2) The purpose of this inspection was to assure
that the thermal shield and thermal shield support system were not
degrading as observed at other Ct plants. Since that time, OPPD has
performed a comprehensive research and analysis of the thermal shield
degradation phenomena which has resulted in new intormation and monitoring
techniques which were not available in 1984. Based upon the results of
this new information, OPPD plans to replace the commitment for a 1987
inspection commitment to conduct an ongoing thermal shield monitoring
program capable of detecting precursors to internals degradation. Further.
should precursors to degradation be detected, OPPD will conduct an
inspection and/or repairs as needed. However, at the latest, an inspection
of the reactor internals will be conducted as required for the 10 year
In-service Inspection during the Spring 1993 outage. OPPD seelks NRC
concurrence with this commitment change.

OPPD’s research and analysis of the degradation phenomena has incl ided:
1) Thermal Shield design comparisons with other CE plants exhibiting
thermal <hield degradation; 2) Evaluation of the dynamic structural
characteristics of the Fort Calhoun thermal shield support system; 3)
Review and comparison of Fort Calhoun and other CE plants thermal shield
operational data, inspections, and experiencn; and 4) Development of an
internals vibration and loose parts monitoring program.
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The failure mechanism at other plants has been analytically modeled, and
when comtined with analyses of thermal shield differences, indicates Fort
Calhoun Station is less susceptible to the failure phenomena. The
detailed results of these activities are presented in the attachment to
this letter and are summarized as follows:

1.

Vibratiorn monitoring data taken through July, 1986 has not
indicated any degradation of the thermal shield support systew

The visual inspection conducted at the 10 year in service inspec-
tion did not disclos2 any degradation of the thermal shield sup-
port system.

Monitoring and data evaluation on a planned basis allows for
detection of degradation of the thermal shield support system
before it becomes significant.

The hydraulic loads and the measured response obtained at the pre-
critical vibration monitorine program indicate lower values for
Fort Calhoun than the comparison plants and therefcre. less poten-
tial for wear on the thermal shield support system.

The threaded Tocking collar used to secure the Fort Calhoun posi-
tioning pins, unlike the locking bar used at the other CE plants,
maintains a preload between the positioning pin and the thermal
shield threads. The preloaded pin does not wear in the thermal
shield threaded holes due to buffeting from flow forces and thus
is lTess susceptible to the deleterious effects of flow induced
vibration.

The thermal shield support sy .tem stability analysis demonstrates
Fort Calhoun has a significant stability margin. The stability
margin is of the same order of magnitude as the comparison
plants. This indicates that thermal shieid support system
Jegradation to the point of unstable behavior would be over a
similarly long time period, comparable to the other plants.

No substantial safety hazard has been identified with a postulated
thermal shield support system failure.
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The Omaha Public Power District has thoroughly reviewed the thermal shield
degradation phenomena over the 1 st two years. We believe that the new
information and results achieved t» date, coupled with the continued use of
a monitoring program, appropriately justify these changes in our
commitment. These will assure OPPD’s need to prevent degradation of the
Fort Caihoun thermal shield and thermal shield support System. OPPD is
prepared to discuss this topic with you at your earliest convenience. If
you feel a meeting would be beneficial, please contact us.

Yours very truly,

R. L. Andrews

Division Manager
Nuclear Production

RLA/RLJI/TLP/ jmo

Attachment .

cc: LeBoeuf, Lamb, Leiby & MacRae
1333 New Hampshire Avenue, N. W.
Washington, D. C. 20036

Mr. D. E. Sells, Project Manager
Mr. P. H. Harrell, Resident Inspector
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1.2

Omaha Public Power District (OPPD) committed in Reference 1.1 to
perform an inspection to determire che condition of Fort Calhoun’s
thermal shield support system ro later than 1987. The inspection
was to have been similar to that performed at Maine Yankee in that
the preload in the positioning pins was to have been measured.
Through continueu participation in the investigation and analysis
of the phenomena, OPPD believes that the additional information
obtained since the date of our commitment justifies the conclusion
that this inspection is not warranted at this time. Technical
Justification, contained herein strongly supports this conclusion.
OPPD, therefore, has reached a decision not to perform the thermal
shield inspection during the 1987 refueling outage at the Fort
Calhoun Station.

History of the Thermal Shield Issue at Fort Calhoun

OPPD first became aware of the problems associated with the thermal
shield support system as a result of the experiences of the other
Combustion Engineering plants with installed thermal shields (see
Section 4.0 for further discussion). Upon receipt of notification
(CE ADP Infobulletin 82-12) from Combustion Engineering that a po-
tential problem existed with the thermal shield support system,
OPPD expanded its Ten Year Inservice Inspection (ISI) program, per-
formed in January 1983, to include a thorough visual inspection of
all accessible portions of the thermal shield positioning pins.
Fort Calhoun’s thermal shield was found to be in excellent condi-
tion. The ISI results supported our justification for continued
operation (Reference 1.2), which was submitted to the Commission on
April 26, 1983.
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OPPD pursued the therm:! shield issue by contracting with CE to per-
form an additional safety analysis to evaluate the impact of a pos-
tulated thermal shield failure at the Fort Calhoun Station. The re-
sults, transmitted to the Commission on August 2, 1983 (Reference
1.3), concluded that failure of the thermal shield support system
was not a safety concern.

In a telephone conversation on February 14, 1984, the Commission
concurred with OPPD that a dropped thermal shield was not a safety
concern. However, the Commission recommended to OPPD that an appro-
priate time for the next thermal shield inspection would be in

1987. This recommendation was based on the limitation that the
Loose Parts Monitoring System would not provide information that
would identify a thermal shield problem prior to a failure and the
Commission’s concern about the future operation and performance of
the thermal shield. OPPD, on April 4, 1984, committed in Reference
1.1 to inspect the thermal shield during the 1987 refueling outage.

The final report for St. Lucie 1 Thermal Shield Failure was re-
ceived by OPPD in April, 1984. This report identified the iri-
tiating event leading to deterioration of the thermal shield sup-
port system as being the loss of preload in the positioning pins.
Subsequent to receipt of this report and through additional eval-
uations by CE, it was learned that the Internal Vibrations Monitor-
ing (IVM) System could be used to detect a loss of effectiveness of
the positioning pins prior to any significant damage occurring.

The use of our monitoring systems is discussed in more detail in
Section 2 and 6 of this report.
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1.1 Letter (LIC-84-090) to R. A. Clark from W. C. Jones dated April 4, 1984.
1.2 Letter (LIC-83-103) to R. A. Clark from W. C. Jones dated April 26, 1983.

3.3 Letter (LIC-83-189) to R. A. Clark from W. C. Jones dated August 2, 1983.
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SUMMARY OF RCSULTS AND CONC

LUSTON:

Discussion of Failure Mechanism

The faiiure of the thermal shieid support systems ait other Combus
tion Engineering NSSS facilities has been analyzed extensively.
mentioned above, the initiating 2vent was the loss of preload in
the positioning pins. Several factors have been identified as po
tential mechanisms for reducing the preload in the positioning
pins, but the exact cause has not been ascertained. Regardiess of
the cause for loss of preload, it has been established that degrad
aticn to the thermal shield support system is a slow process that

has the gradual loss of the positioning pins’' effectiveness as it

precursor

The process begins with & gradual loss of preload in the position
ing pins. Some of the factors identified as potential contributo
to the loss of preload are radiation induced stress relaxation,
fluctuating hydraulic loads, deformation of the core support barre
during assembly as the weight of the thermal shield is transfer
to the support lugs, and possible installation errors. A combi

tion of these factor:

. - | 1
tion to be the be: ‘ on availabl

> et 4“- .

Plastic deformation of tro positionina pins

lated as a possible contributor to the problem, but

likely, since such deformation would be expected to take pla

eariy in the operating life of the station The fact that our

mal shield is still intact and properly supported refutes thi

chanism as a possibility at the Fort Calhoun Station.

lThe plants that have experienced failures have locking bars in
FML‘ the pins in ;x] 1ce: once contact was lest betweer
1 the (\‘5,‘ moveme nt f\i-!v.»v"! the [Wl. ;’1‘: thern 41‘ shie I'
ssible This movement re: ed in wear between the thread
of the pin and the thermal shield, thereby f

effectiveness of the pir and allowing the
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motion to increase. This mo-tion, induced by fluctuating hydraulic
loads as discussed in Section 5.0, also causes wear to initiate in

the thermal shield support lug region. These support lugs provide

the primary component of the stiffness coefficient in the upper re-
gion of the thermal shield (k-1 in figures 8-1, 8-2, and 8 3. Once
the thermal shield support lugs begin to wear, the value of k-1 de-
clines and the support system begins to approach an unstable condi-
tion. Once the support system becomes unstable, severe damage can

occur.

Initially, loss of preload will only cause wear to occur at low
power (near zero) conditions when thermal loading of the pins is
lowest. Operation at low power conditions will then continue the
degradation process through wear. If not corrected, the position-
ing pins will eventually lose their effectiveness at full power con-
ditions as well. The reason for this is that at full power condi-
tions the differential expansion of the core support barrel rela-
tive to the thermal shield (the CSB being at a higher temperature)
increases the loading in positioning pins, thus providing effective
support to a thermal shield that could have lost some of its ini-
tial preload. At low power the thermal shield is near isothermal
conditions and the additional loads are absent. Thus, a loss of
preload should be detectable at low power long before it will be
seen at full power -onditions.

Detection of Thermal Shield Support Degradation

As part of their analysis of the St. Lucie 1 thermal shield fail-
ure, Combustion Engineering has determined that the Internals Vi-
bration Monitoring System (IVM) is an effective indicator of the
adequacy of the support of the thermal shieid The IVM system is
used to monitor the core support barrel (CSB) vibration frequency
which wili remain the same value as long as the thermal shield is
adequately supported. A shift in certain well defined frequencies
of CSB vibration is indicative of a change in the relative motion
of the thermal shield to the core support barrel.
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Since the loss of effectiveness of the positioring pins will first
be detectable during isothermal conditions, analysis of the [VM
data taken at low power will give the first indication of this
effect taking place. This anaiysis will provide a sufficiently
early indication of the problem to enable OFPD to schedule examin-
ation and/or corrective action during a normally planned refueling
outage.

As shown in Figure 4-1 the loss of effectiveness of the positioning
pins at the St. Lucie 1 Station was first indicated (by IVM anal-
ysis subsequent to failure) near the beginning of operating Cycle
4. The continuing reduction in the IVM CSB frequency leading up to
the onset of unstable motion 28 months later shows that this is a
gradual process. It is important to note that the IVM data used in
the St. Lucie analysis was all taken at full power and, as such,
would not identify the loss of effectiveness of the positioning
pins until significant degradation had already taken place. Still,
the thermal shield did not exhibit unstable motion, leading to even-
tual failure, until some 28 months after the first full power IVM
data identified the precursor. Had low power data been taken, it
would have shown a loss of effectiveness of the positioning pins
even ear'ier than the beginning of Cycle 4.

On July 3, 1986, OPPD recorded IVM data at low power, near isn-
thermal conditions. This dati was anal/zed and showed no indi-
cation of loss of positioning pin effectiveness. It is concluded
that the thermal shield is adequately supported.

Monitoring Program

here are three separate elements of the Fort Calhoun Loose Parts
Monitoring Program that are currently in place. The first element
consists of recording the eight accelerometer channels onto magne-
tic tape on a monthly basis. This data is kept for historical re-
ference purposes. Audio monitoring by the Shift Technical
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Advisors (STAs) is the second element of the program. The STAs
listen to eaca channel once per eight hour shift for any impacting
sounds occurring in the primary system.

The third and new element of the program will be to perform a modi-
fied amplitude probability distribution (MAPD) function on the
eight recorded accelerometer channels. The MAPD is the Amplitude
Probability Density function with the probability density plotted
on a semi log scale versus the amplitude of the signal. The MAPD
is used to quantify changes in the Loose Parts Monitoring signals.

The plots can be uced to give an indication of the RMS "g" value of
the impacts as well as tha rate of impact. The magnetic taping of
the accelerometers will continue on a monthly interval with the
MAPD plots being generated on a quarterly basis. The STA monitor-
ing will continue on a once per shift cycle.

The Internals Vibration Monitoring Program at Fort Calhoun utilizes
the excore detectors located around the reactor vessel. Presently,
a magnetic tape recording is nade of the excore detectors’ signals
on a monthly basis. At the same time that the tapc ~ecording is
made, a power spectral density plot is made of the excore detect-
ors. On a "need for analysis" basis, over the last few years, a
complete evaluation of the signals have been performed by plotting
power spectral densities, cross power spectral densities, coher-
ence, phase and phase separated cross power spoctral densities for
the four excore channels. An exp anation of these signal process-
ing techniques and how they are usec is given in Reference 2.1 A
low power data collection, reduction, and evaluation will be per-
formed once per fuel cycle to determine any change in the isother-
mal condition of the reactor internals.

The Omaha Public Power District will evaluate the excore sianals on

a quarterly basis to monitor for early signs of any reactor inter-
nals degradation. The monthly taping and power spectral densities
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will continue at the same rate along with collecting, reducing, and
evaluating low power data at least once per fuel cycle.

Design Differences at Fort Calhoun

A description of the Fort Calhoun reactor internals and a compari-
ser. with other Combustion Engineering plants is presented in Sec-
tion 3.0. As stated in the above reference, the most significant
design differences are (1) the location of the lower positioning
pins relative to the active core region, (2) the use of a locking
collar to secure the positioning pin instead of a locking bar.

The Tower positioning pins are located at an elevation below the
active core region, lower than at the other CE plants. This loca-
tion makes the pins less susceptible to the effects of radiation
induced stre s rclaxation, which is one of the factors identified
as contributing to a loss of preload.

With the locking bar mechanism, once contact is lost between the
pin and the CSB, movement between the pin and therma) shield is
possible. The use of a locking collar instead of a locking bar
adds significantly to the integrity of the support system. At Fort
Calhoun the lockirg collars were threaded onto the pins after the
preload was established, torqued to 50 ft-1bs, and then welded
around their entire 360 degree circumference both to the pins and
the thermal shield. This procedure thoroughly secures the pin to
the thermal shield and ensures that there can be no relative motion
between their threads. Hence, no wear can take place even if the
initiai preload is lost, as long as the welds remain intact. The
results of the 10 year ISI have shown that these welds have re-
mained intact. The net effect is to maintain the structural inte-
grity of the pins within the thermai shield, thereby not allowing
the amplitude of the relative motion between the thermal shield and
core support barrel to increase beyond that allowed by the unloaded
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pins. This in turn helps limit the rate of wear in the support lug
region and provides additional time to allow for planning and exe-
cuting a timely program of intpection and/or corrective action.

Safety Analysis

An analysis was performed by Combustion Engineering to determine
the impact of a failed thermal shield support system upon the safe
ty parameters of reactor operation. The method used involved de-
termining the possible failure modes of the thermal shield, and
evaluating their effect upon the parameters important to safety.
The mechanisms that could result in core damage were evaluated for
each failure mode. These mechanisms include increased core bypass
flow, creation of debris, reduction in core flow rate due to tilt-
ing of the thermal shield, and core shroud jetting. The effect of
these mechanisms on coolant activity levels and reduced DNB cve -
power margin were analyzed and the results documented in Section
7.0. The results demonstrate that the potential failure of the
thermal shield is not a safety concern. OPPD considers th's issue
to be a commercial concern only.

Conclusion
In support of OPPD’s position, the following facts are reiterated.

1) OPPD strongly feels that the failure mechanism is now suffi-
ciertly understood.

2) The failure mechanism is-a slow process with a gradual loss
of preload in the positioning pins as its precursor,

3) The IVM system, in conjunction with the loos: part monitoring

system, is capable, through analysis of its signals, of de-
tecting initial loss of effectiveness of suoport system in

2-6



sufficient time to allow for a planned inspeciion and repair
program to be implemented before significant damage is in-
curred, thus precluding any commercial concern for tnis even-
tuality.

4) Design differences of the Fort Calhoun thermal shield support
system, primarily the locking collar design and lower hydraul
ic loads, make it less susceptible to the identified failure
mechanism.

5) Failure of the thermal shield is not a safety concern.

6) Recent IVM data analyses, from both full power and at near
zero power, have indicated no degradation of the thermal
shieid support system. This information verifies that the
thermal shield is currently not in a degraded condition.

OPPD will continue monitoring the condition of the thermal shield
on 1 monthly basis and evaluating the data at least on a quarterly
basis. Low power IVM data will continue to be taken and evaluated
once per fuel cycle. If it is determined that the thermal shield
support system has initiated the slow degradation process, OPPD
will develop and implement a timely program of inspection and/or
corrective action prior to incurring any significant damage.
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DESCRIPTION OF FT. CALHOUN REACTOR INTERNALS

Reactor Internals Assembly Description

The major support member of the reactor internals is the core
support barrel (CSB) assembly (Figure 3-1). This structure
consists of the core support barrel, the core support plate
and support columns, the core shroud, the thermai shield and
the core support barr:l to pressure vessel snubbers. The
major material of construction for the assembly is Type 304
stainless steel,

Core Support Barrel

The core support barre! (CSB) (Figure 3-1) is a right circular
cylinder with a nominal inside diameter of 120 5/8 inches.

The CSB is supported by a 4-inch thick ring flange from a
ledge on the reactor pressure vessel. The core support barrel
in turn supports the core support plate upon which the fuel
assemblies rest, The core support plate transmits the weight
of the core to the core support barrel by means of vertical
columns and a beam structure. Four alignment pins, located 90
degrees apart, are press fitted into the flange of the core
support barrel (Figure 3-1). The reactor vessel, ciosure head
and upper guide structure assembly flanges are slotted in
locations corresponding to the alignment pin locations to
provide proper alignment between these components in the
vessel flange region,

An internal boss 1s located around each of the two 32-inch
reactor vessel coolant outlet nczzles on the inside diameter
of the reactor pressure vessel wall., The internal boss
provides a mating surface for the core support barrel 2-inch
outlet nozzles. The reactor vessel nozzle boss and coure
support barrel nozzles are closely machined to a common
contour separated by a small gap. The gap permits
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differential axial and radial expansion of the core support
barrel and reactor vessel shell whil. minimizing bypass
lezkage.

Since the core support barrel is 26 feet long and is supported
only at its upper end, snubbers (Figure 3-2) arc installed
nea~ the bottom outside surface of the core support barrel to
prevent large amplitude motion, The snubbers consist of six
equally spaced lugs around the circumference and are the
grooves of the "tongue-and-groove" assembly; the reactor
vessel lugs are the tongues. Minimizing the clearance between
the two mating pieces limits the amplitude of any vibration,
During assembly as the CSB is lowered the reactor vessel
tongues engage the core support barrel groves. Radial and
axial expansfons of the core support barrel are accommodated,
but lateral movement is restricted. The reactor vessel
tongues have bolted and lock welded Inconel X shims and the
core support barrel grooves are hardfaced with Stellite to
minimize wear,

Core Support Plate and Support Columns

The core support plate is a 120-inch diameter, 2-inch thick,
Type 304 stainless steel plate into which the necessary flow
distributor holes for the fuel assemblies have been machined,
Fuel assembly locating holes are also machined into this
plate, Columns and support beams are placed between this
plate ani the bottom of the core support barrel in order to
provide stiffness to this plate and transmit the core load to
the bottom of the core support barrel,
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Core Shroud Assembly

The core shroud assembly (Figure 3-1) consists of rectangular
plates 5/8-inch thick, 142-3/8 inches long and of varying
widths, The bottom edges of these plates are fastened to the
core support plate by use of anchor blocks.

The core shroud provides an envelope for the perimeter of the
core and limits the amount of coolant bypass flow. The gap
between the outside of the peripheral fuel assemblies and the
vertical shroud plates is maintained by eight tiers of
horizontal centering plates attached to the vertical shroud
plates and core support barrel. Tne plates are positioned to
establish the core envelope during shop assembly by adjusting
bushings located in the core support varrel, The vertical
shroud plate edges are butted together minimizing the vertical
joint gap. The overall core shroud assembly, including the
vertical shroud plates, the centering plates, and the anchor
blocks, 1s a bolted and lock welded assembly. All bolts and
pins are lock welded. In addition, all bolts (bodies and
neads) are designed to be captured in the event of fracture;
the bolt heads are trapped by lock bars or ‘ock welds, and the
bodies are trapped by the use of incomplete tapping of through
heles., Holes are provided in the core support plate to allow
coolant to flow Jpward hetween the ccr2 shroud and the core
support barrel, thereby minimizing thermal stresses in the
shroud plates and eliminating stagnant pockets,

Thermal Shield and Thermal Shield Support System

The thermal shield ‘s a 3-inch thick, 304 stiinless steel
cylindrical structu e with an inside diameter of 127 inches
and a height of 154 inches (see Figure 3-1). The thermal
shield {s supported at the top by eight equally spaced support
lugs welded to the outer periphary of the core support barrel,
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Thermal shield support pins are fitted during assembly to
position the thermal shield on the support lugs. This is
shown in Figure 3-3. The support pins are welded to the
thermal shield. There is a .001 to .002 inch clearance on the
sides betwren the support pins and the support lug to permit
re’ative thermal expansion between the core support barrel and
th. thermal shield., The thtermal shield is positioned radially
by 3 total of twenty-four positioning pins. Eight of the pins
are located approximately 23.5 inches below the top of the
support lugs and the remaining sixteen positioning pins are
located approximately 10 inches from the bottom of the thermal
shield. The positioning pins thread into the thermal shield
and are preloaded against the core support barrel,

A locking collar is threaded on the positioning pin and
torqued to the outside diameter of the thermal shield thereby
preloading the locking collar and positioning pir to the
thermal shield (see Figure 3-3). The locking collar fs
lockwelded to the positioning pin and the thermal shield to
prevent rotation and provide a means of capture,

Upper Guide Structure Assembly

The upper guide structure assembly (UGS) (Figure 3-4) consists
of an instrument support plate. 41 contrul element assembly
shrouds, a fuel assembly alignment plate and a holddown ring.
The upper end of the assembly is a flanyed grid structure
consisting of an array of 24-inch deep beams, The grid is
encircled by a 24-inch deep cylinder with a 3-inch thick plate
welded to the cylinder, The periphery of the plate contains
four accurately machined and located alignment keyways, spaced
at 90-degree intervals, which engage the core barrel alignment
keys., This system of keys and slots provides an accurate
means of aligning the core support barrel with the UGS,



The control element assembly shrouds extend from the fuel
alignment plate to ar elevation about 8 inches above the
support plate. There are 29 single-type shrouds. These
consist of centrifugally cast cylindrical upper sections
welded to cast bottom sections, which are shaped to provide
flow passages for the coolant passing through the alignment
plate while shrouding the CEA's from crossflow. There are
also 12 dual-type shrouds which consist of two single-type
shrouds connected by a rectangular section shaped to
accommodate the dual control element wussemblies, The shrouds
are bolted to the uel assembly alignment plate. At the upper
guide structure support plate, the single shrouds are
connected to the plate by the spanner nuts. The spanner nuts
are torqued in place and lockwelded, The dual shrouds are
attached to the UGS support plate by welding.

The upper guide structure assembly also supports the in-core
instrument guide tubes. The tubes are conduits which protect
the in-core detectors and guide them during insertion and
removal operations,

Holddown Ring

A holddown ring is set between the reactor vessel head flange
and the upper guide structure to resist upward movement of the
core support assembly. This arrangement permits differential
axial thermal expansion of the reactor vessel flange and the
core support barrel and UGS flanges while providing a net
downward force,

Flow Skirt

The flow skirt (see Figure 3-1) fs a right circular
perforated cylinder that is attached to the reactor vessel by
welding, The flow skirt material is Inconel,
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Core Stops

Nine equally spaced core stop lugs are welded to the reactor
vessel and are located at the periphery, but below the core
support barrel lower flange. The core stops limit the
vertical drop of the core support barrel assembly to
approximately one inch in the event of a postulated failure.

Comparison of Ft, Calhoun With Other C-E Plants

Thermal and Hydraulic Design Data Comparison

Table 3-1 provides a comparison of thermal hydraulic
characteristics for the thermal shield for Ft. Calhoun, Maine
Yenkee, St. Lucie Unit 1 and Millstone Unit 2. The table
shows that the average coolant velocity in the Ft, Calhoun
downcor er 1s approximately 8% lower than for the three other
plants, The hydraulic loads per unit area on the thermal
shield are, therefore, smaller for Ft. Calhoun. This
conclusfon 1s supported by the values in the table for the
racial pressure differential across the thermal shield wall,
Hydraulically induced pressure differentials across the core
support barrel at the elevations of the thermal shield support
pins are also smaller for Ft. Calhoun. A1l of these factors
indicate that the radial hycraulic loadings on the thermal
shield and core support barrel walls are lower, and more
favorable, for Ft, Calhoun relative to the other plants,

Radial temperature differences between the CSB and therma)
shieid have been estimated for Ft, Calhoun by extrapolating
from Maine Yankee values, It is expected that the temperature
difference across the upper thermal shield support pins is
comparable to the other three plants, The temperature
difference across the lower pins, because of their axial
position relative to the active core, will be approximately
equal to or less than the Maine Yankee value and will
definitely be smaller than for St. Lucie Unit 1 and Millstone

Unit 2, 3.6
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MECHANICAL DESIGN COMPARISON OF THE THERMAL SHIELD SUPPORT
SYSTEM

The thermal shield support system design for Fort Calhoun is
similar to the design employed on other CE plants. The
physical description of the Fort Ca'houn thermal shield
support system is given in section 3.1.4, Table 3-2 provides
a comparison of the physical details of the CE plants that had
a thermal shield as part of the reactor internals assembly
original design.

The Core Support Barrel (CSB) for Fort Calhoun supports 133
fuel assemblies whereas the other CE plants with a thermal
shield design have 217 fuel assemblies, therefore, the CS8 for
Fort Calhoun is smaller in diameter,

The thernal shield for Fort Calhoun is designed to be
compatible in diameter with the smaller core support barrel
while maintaining the same 3 inch thickness. The number of
supports (see Figure 3-3) on Fort Calhoun is less (eight vs.
nine) than on other CE plants, however, due *o the variation
in weight of the thermal shields, the load per support lug is
comparable for all four plants, In addition, the azimuthal
distance between each of the supports and each of the top and
bottom positioning pins is slighily closer than on the other
plants, These differences indicate no major departure from
the thermal ¢hield suoport cystem design from other CE plants,
The more significant differences, as it relates to maintaining
a thermal shield support system that is less susceptible to
wear of the nositioning pins, is the location of the lower
positioning pins relative to the active core and the
incorporation of & locking collar instead of locking bars,

The locking collar maintains a positioning [ 'n preload
relative to the therma)l shield independent of the preload
developed by the contact of the positioning pin with the core
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support barrel. The location of the lower positioning
pins being in excess of 11 inches from the active core, in
comparison to Maine Yankee which is approximately 6 inches
and S5t. Lucie Unit 1 and Millstore Unit that were within
the active core, makes Fort Calhoun 'ess susceptible to
the effects of irradiation and thermal gradients. The
combination of these features, i.e., pin location and
locking collar, has a net positive effect.

The differential thermal effects at the lower elevation,
being small, provides less additional loading to the
installation preload mitigating stress relaxation. The
locking collar prevents wear of the positioning pin
threads from flow induced vibration of the pins if one
postulates that under isothermal conditions, the lower
pins have lost their effectiveness. In summary, although
Fort Calhoun thermal shield support system design is not a
major departure from designs employed on other CE plants,
it does incorporate features that make loss of positioning
pin effectiveness less likely and, therefore, less
susceptible to eventual thermal shield support system
degradation,
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TABLE 3-1

Comparison of Thermal-Hydraul c
Characteristics for Thermal
Shield Region for C-E Plants

Plant Value

Maine

Parameter Ft. Calhoun Yankee St. Lucie 1 Millstone 2
Design Flow Rate, QD-GPM 190,000 324,000 324,870 324,800
B.E. Flow Rate-2 of Qp 1194 120.4 122.8 121.3
Average Velocity in

Downcomer, FPS 27.5 30.1 30.3 29.9
Average Velocity in

Inner Annulus, FPS 22.7 24.6 25.2 24.9
Average Velocity in

Outer Annulus, FPS 29.4 32.3 32.5 32.1
Average Radial& P Across

Thermal Shield, PS! 1.8 2.2 2.1 2.0
Average Radial &P Across

Core Barrel at Elevation

of Top Pins, PSI i7.1 23.5 19.6 19.1
Average Radial@ P Across

Core Barrel at Elevation

of Bottom Pins, PSI 13.7 19.1 18.5 18.1
Average Metal&T Between

T/S and CSB at Elevation

of Top Pins, °F 39°F* 39°F 40°F 40°F
Average MetalA&T Between

T/S and CSB at Elevation

of Bottom Pins, °F 5°F* 5°F 25°F 25°F

*Ft, Calhoun values are approximate and are extrapolated from Maine
Yankee values, .




TABLE 3-2
PHYSICAL CHARACTERISTICS OF PLANTS HAVING THERMAL SHIELDS

ST. LUCIE MILLSTONE MAINE YANKEE FT. CALHOUN
UNIT 1 UNIT 2

THERMAL SHTELD

THERMAL SHIELD
CROSS SECTION

OUTSIDE DIAMETER 162-3/4 IN. 162-3/4 IN. 162-3/4 IN. 133 IN.
INSIDE DIAMETER  156-3/4 IN. 156-3/4 IN. 156-3/4 IN. 127 IN.

OVERALL LENGTH 137-3/4 IN. 137-3/4 IN. 152 IN. 164 IN.

APPROXIMATE WEIGHT 59,000 LBS. 59,000 LBS. 65,000 LBS. 57,000 LBS.
DRY

QUANTITY OF UPPER

POSITIONING PIN 9 PINS S PINS ¢ PINS 8 PINS

QUANTITY OF LOWER

POSITIONING PIN 17 PINS 17 PINS 17 PINS 16 PINS

CORE_SUPPORT BARREL

OUTSIDE DIAMETER 151-1/2 IN. 151-1/2 IN. 151-1/2 IN.  123-5/8 IN.

QUANTITY OF THERMAL
SHIELD SUPPORT LUGS 9 LUGS 9 LUGS 9 LUGS 8 LUGS

OVERALL LENGTH 328-1/2 IN. 328-1/2 IN. 328-1/2 IN.  311-1/4 IN.
POSITIONING PIN

OVERALL LENGTH 5-5/8 IN. 5-5/8 IN. 5-5/8 IN. 4-7/16 IN.
DIAMETER 2 IN. 2 IN, 2 IN. 2 IN.
THREAD SIZE 2=1/4-16UN 2-1/4-16UN 2-1/4-16UN 2-1/4-12UN

PRELOAD TORQUE 250 FT-LBS ‘ 250 FT-LBS 250 FT-LBS 250 FT-LBS
THERMAL SHIELD SUPPORT LUG

OVERALL WIDTH 2 IN, 2 IN. 2 IN, 2 IN,

OVERALL HEIGHT 10 IN. 10 IN. 10 IN. 10 IN,

POSITIONING PIN

LOCKING DEVICE LOCK BAR LOCK BAR LOCK DAP WELDED LOCK-
ING COLLAR
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4.0 Thermal Shield Operating Experience

'n assessing the need to do a detailed inspection of the Fort Calhoun
+hermal shield support system, the experience at Maine Yankee, St. Lucie
Unit 1 and Millstone Unit 2 were reviewed to determine what knowledge had
been gained through the evaluations conducted of their individual events.
This section provides e background review of the nature of the
degradation experienced at each of the affected plants and of the
corrective action taken. Finally, an overall assessment of the lessons
learned is provided.

4.1 Maine Yankee

During the September - October 1982 outage, the Maine Yankee reactor
internals were removed from the reactor ressel and inspected as part
of the required ten year Inservice Inspection. The inspection
disclosed that the condition of the reactor internals was normal
with the following exceptions. Two of the nine upper thermal shield
positioning pins were dislodged along with the two lock-bars while a
third upper positioning pin was loose in the thermal shield hole in
which it was installed. Of the two positioning pins dislodged, one
was found outside the flow skirt in the bottom of the reactor vessel
and the second was found wedged between the core support barrel and
the thermal shield. The extensive wear on the pins plus the far
lower radiation level of the pin retrieved from the fiow skirt
elevation indicated that the degradation had occurred during the
first few years of plant operation.

The inspection ¢id not reveal any evidence of wear, looseness or
excessive motion at any of the thermal shield support lugs or the

in place positioning pins. The inspection of the reactor vessel
snubbers and core support barrel snubber iugs showed no wear which
would be the result of unanticipated motion of the core support
barrel. A review of the inspection results and evaluations
conducted from start-up testing in 1972 up to the 1982 Inservice
Inspection showed that the reactor vessel internals had responded as
expected
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4.2

Based on the inspection data, analyses, and evaluation of the design
and historical records, Maine Yankee reinstalled the reactor vessel
internals and contirued plant operation with the three positioning
pins retrieved but not replaced.

Although the plant operated throughout the next fuel cycle without
any indication of further thermal shield support system degradation,
Maine Yankee maragement decided to remove the core support barrel
during the next refueling outage to thoroughly inspect the thermal
shield and replace the three missing positioning pins.

The thermal shield support system inspection showed the structure to
be undamaged and in, or close to, the ~riginal condition.

In addition to the visuai inspection and as part of the repair
process of replacing the three missing positioning pins, Maine
Yankee also undertook to assess whether or not the remaining
positioning pins were in contact with the core support barrel.
Pesults indicated that the upper positioning pins appeared to be in
contact with the core support barrel while 11 of the 17 lower
positioning pins showed evidence of a small gap. Of the lower pins
showing evidence of a gap, eight were retightened to fix the thermal
shield t> the core support barrel in two orthogonal directions.
After completing these repairs, the plant was returned to power
operation. Specific details of the Maine Yankee experience can be
found in References 4.1 and 4.2.

St. Lucie Unit 1

During the post cycle five refueling outage in March, 1983,
difficulties were encountered during ccre reload when a fuel
assembly would not seat properly on the core support plate.
Subsequent inspection determined there was debris of unknown origin
on the plate. A decision was made to unload the fuel and remove the
core support barrel to further investigate the source of debris.
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A visual examination of the core support barrel/thermal shield
assembly disclosed that the thermal shield support system was
severely damaged. A number of thermal shield support pins were
fractured and/or missing and damage to the core support barrel was
visible. The fractured pieces from the thermal shield supports were
found between the flow skirt and the reactor vessel. Two
positioning pins had become dislodged; one was found between the
flow skirt and the reactor vessel and the nther in the reactor
vessel lower head. A pesitioning pin lock bar was retrieved from
the core support plate. An evaluation of the thermal shield support
system concluded that refurbishment was impractical. Therefore, a
decision was made to remove the therma! shield. Analyses were
performed to evaluate operation of the plant without a thermal
shield for its remaining design 1ife. The analyses indicated that
replacement of the thermal shield was not necessary.

The reactor internals interfaces with the reactor vessel were
examined and were not found to exhibit evidence of excessive
vibration of the reactor core support barrel and upper guide
structure. A visual examination of a selected number cf fuel
assemblies did not disclose detrimental effects attributable to the
degraded thermal shield support system. From these inspections it
was concluded that the damage was confined to the core support
barrel and thermal shield.

Upon removal of the thermal shield from the core support barrel, a
nondestructive examination of the core support barrel was conducted.
Damage of varying degrees was in evidence at eight of the nine Tug
locations. Four lugs were separated from the core support barrel
and through wall cracks were confirmed adjacent to some damaged Tug
areas.



4.3

A repair process for the core support barrel was formulated.
Underwater machining of the core support barrei in the damaged areas
was used to reduce strecs concentrations. Through-wall cracks were
arrested by crack arrestor holes; non-through-wall cracks were
removed by machining, and lug tear out areas were patched as
necessary. The crack arrestor holes were sealed by inserting
expandable plugs. After completing these repairs, the plant was
returned to power operation. Specific details of the St. Lucie Unit
1 experience can be found in Reference 4.3.

Millstone Unit 2

During the post cycle five refueling vutage which commenced in May,
1983, the 10-year in-service inspecticn was performed for the
reactor vessel and its internals. The thermal shield and its
support system were of particular interest since St. Lucie Unit ]
had identified damage to its thermal shield and support system in
March, 1983.

As with St. Lucie Unit 1, visual examination of the core support
barrel/thermal shield assembly disclosed the thermal shield support
system to be damaged. A few thermal shield support pins were
damaged and/or missing and damage to the thermal shield was visible.
Pieces from the thermal shield were found in the reactor vessel and
two positioning pins which had become dislodged were found in the
reactor vessel.

Although the damage incurred was not as severe as that experienced
at St. Lucie Unit 1, an evaluation of the thermal shield support
system concluded that refurbishment was impractical and a decision
was made to remove the thermal shield. Again, analyses confirmed
that operation of the plant for the remainder of its design life
without the thermal shield was acceptable.



The reactor internals interfaces within the reactor vessel were
examined and were found not to erhibit evidence of excessive
vibration of the reactor core support barrel and upper guide
structure. A visual examination of a selected number of fuei
assemblies did not disclose detrimental effects attributable to the
degraded thermal shield support system. From these inspections it
was concluded that the damage was confined to the core support
barrel and thermal shield.

Upen removal of the thermal shield from the core support barrel, a
nondestructive examination of the core support barrel was conducted.
Damage was in evidence at two of the nine lug locations.

Th-oughwall cracks were confirmed adjacent to two damaged lug
locations.

A repair process for the core support barrel was formulated.
Underwater machining of the core support barrel in the damaged areas
was used to reduce stress concentrations. Through-wall cracks were
relieved by crack arrestor holes; non-through-wall cracks were
removed by machining. Because of the limited amount of through wall
cracks and smailer cracks arrestor holes, no plugging of these holes
was undertaken as had been done for St. Lucie Unit 1. After
completing these repairs, the plant was returned to power

operation. The specific details of the Millstone Unit 2 experience
can be found in Reference 2.4,
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4.4 POSTULATED SEQUENCE OF EVENTS LEADING TO DEGRADATION

This section presents a postulated sequence of events which
could explain the thermal shield support system problems
experienced by Maine Yankee, St. Lucie Unit 1 and Millstone
Unit 2. The sequence of events is based on judgement and tne
examinations and analyses performed.

In case of St. Lucie Unit 1 and Millstone Unit 2, it appears
certain that the damage to the thermal shield was caused by
larye amplitude self-excited vibration. The vibration was made
possible by degradation of the thermal shield support system
which was preceded by loss of preload on positioning pins.

The reasons for the loss of preload have not been specifically
identified, but several fzctors have been examined and found to
be capable of contributing. It is believed that a combination
of detrimental factors is the most reasonable explanation for
the loss of preload.

Degradation cof the support system probably began when a
sufficient number of pins had lost preload to permit relative
motion and impacting between the pins and the stellite pads on
the core barrel. This causes wear in the threads holding the
pins and on the pin-to-core support barrel interface. Thread
wear would allow the pins to move axially, causing a loss of
restraint of radial motion of the shield. With the loss of
restraint the shield is calculated to begin to uncouple from
the core barrel, especially at the elevation of the lower pins.
This hypothesis is supported by analysis of St. Lucie Unit 1
IVM data which indicates significant changes in power spectral
density peak frequencies and in cross core coherence early in
1980. The resultant increased response to hydraulic loads
would increase the relative motion between the shield and
support lugs, causing wear between the lugs and the shield.
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With sufficient wear on the lugs, the thermal shield reaches an
unstable dynamic co