
W _.

GENE-771-59-0994 Rev.2
DRF B13-01732*

f JANUARY,1995

DESIGN REPORT FOR THE
.

' INSTALLATION OF STABILIZERS ON

THE PEACH BOTTOM 2,3

CORE SHROUD

2///96-Prepared by: -

M.O.Lenz / ' '

Project Engineer

#~ --' ~

Verified by:
N.A. McClean
Principal Engineer

Approved by: M 8-I-f[
far - L.E.Tfchauf/f

Project Manager

E!222;gg;7<gggg;;,,
P PDR

__ _ _ _ _ _ _ _ _ - - _ . __ __



-

- _ _ _ _ _ - _ . _ _ _ - .

.)
.,_ _ m _.

' ;'. -

- GENE-771-59-0994 Rev.2.
DRF B13-01732 -

.

JANUARY,1995'

.-

,

IMPORTANT NOTICE REGARDING

'

CONTENTS OF THIS REPORTp

Please Read Carefully
.

. ,.

|

The only undertakings of GE Nuclear Energy (GENE) respecting information in this document
are contained Contract No. PB263848 between PECO Energy and GENE, as identified in the

purchase order for this report (PECO Purchase Order No. PB263848) and nothing contained in
this document shall be construed as changing the contract. The use of this information other than .

:as provided therein of for any purpose other than for which it is intended, is not authorized; and ,

with respect to any unauthorized use, GENE makes no representation or warranty, and assumes

no liability as to the completeness, accuracy or usefulness of the information contained in this

document, or that its use may not infringe upon privately owned rights.
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1.0 DESCRIPTION OF CHANGE

An in-vessel visual inspection (IVVI) of the horizontal welds in the shroud will be performed at
Peach Bottom Unit 2. Based on the results of the weld inspection, shroud stabilizer assemblies,

which function to replace cracked horizontal welds in the shroud, may be installed in Peach
Bottom Unit 2 during the next refueling outage. In the event that the installation of the stabilizer

assemblies is not required for Unit 2, the ~ assemblies will be retained as a contingency for

possible later installation, or for installation at Peach Bottom Unit 3. If the stabilizers are

installed at Unit 3, replacement of the core spray line repair brackets should be considered, as

discussed in Section 1.6.2.

1.1 General

Welds H1 through H7 of the core shroud will be structurally replaced by a set of 4 stabilizer
assemblies. Figure I shows a stabilizer assembly. Each stabilizer assembly attaches to the top of

the shroud and to the shroud support plate.

Radially acting stabilizer springs are used to maintain the alignment of the core shroud to the

reactor pressure vessel (RPV) during seismic events. The set of stabilizers replace the structural

functions of the shroud welds which are postulated to contain cracks. Each stabilizer assembly

consists of a tie rod, an upper spring, a lower spring, an upper bracket, a midspan tie rod support,

a lower anchor assembly, and other minor parts. The tie rod provides the vertical load carrying

ability from the upper bracket to the RPV shroud support plate attachment, as well as support for

the springs. The vertical locations of the radial springs were chosen to provide the maximum

support for the shroud and fuel assemblies. The upper spring provides radial load carrying
ability from the shroud, at the top guide elevation, to the RPV. The lower spring provides radial

load carrying ability from the shroud, at the core support plate elevation, to the RPV. The upper

bracket provides an attachment feature to the top of the shroud as well as restraint of the upper

shroud welds. The midspan tie rod support functions to increase the natural frequencies of the

stabilizer assembly.

There are seven horizontal welds (Figure 2) in the Peach Bottom 2,3 shroud. These welds are

identified as H1 through H7, with H1 being the uppermost weld and H7 being the attachment of

the shroud to the shroud support cylinder. Each cylindrical section of the shroud is prevented

from unacceptable motion by the stabilizers. The motion of the sections above H1, between H1
and H2, and between H2 and H3 are restrained by the upper bracket. The upper bracket contacts

the shroud and is radially supported by the upper spring which contacts the RPV. There is a stop

1
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on the upper bracket which prevents unacceptable motion of the shroud section between the H3

and H4 welds. The lower spring contacts the shroud such that it prevents unacceptable motion of

the section between the H4 and H5 welds, as well as the section between the H5 and H6 welds.

There is also a feature on the lower spring which prevent unacceptable motion of the shroud

section between the H6 and H7 welds.

The primary forces applied to the stabilizers are from seismic events, LOCA differential pressure

loads, and differential thermal expansion. The installation of the stabilizer assemblies and the

assumption of cracks in the shroud change the seismic response of the reactor internals. Thus, it

was necessary to modify the seismic analysis of the reactor to include the assumed crack's and the

stabilizers. This dynamic analysis was perfdrmed in a iterative manner to determine the

appropriate values of the spring constants for the upper and lower springs, as well as the number

of stabilizer assemblies required. It was determined that four stabilizer assemblies would be

acceptable. Each assembly has an upper spring with a spring rate constant of 20,000 pounds per

inch, and a lower spring with a spring rate constant of 150,000 pounds per inch. The midspan

tie rod support increases the natural frequency of the rod to prevent unacceptable vibration.

1.2 Design

Significant cracking adjacent to the horizontal shroud welds has been observed at several BWRs.

If significant cracking is discovered in the horizontal shroud welds at Peach Bottom Unit 2, or at

Unit 3, a repair will be implemented. The repair will structurally replace all of the horizontal

girth welds in the shroud with a set of shroud stabilizers.

The core shroud is a safety related component. It provides horizontal support for the fuel
assemblies, control rods, and incore instrumentation. It provides vertical support for the

peripheral fuel assemblies, top guide, and core support plate. It also provides a floodable volume
!inside the reactor pressure vessel (RPV), which is necessary in the event of a Loss of Coolant

Accident (LOCA). Note, however, that welds H1 through H3 are above the floodable volume. j

in addition, the shroud supports the core spray spargers and the core spray lines. |
|

The stabilizers were designed to the structural criteria specified in the original Peach Bottom 2,3

UFSAR. The ASME Code, Section III, Subsection NG was used as an analysis guide. The

stabilizers were designed to the requirements of References 4.1 and 4.2. Reference 4.1 is the |

design specification for the stabilizers, exclusive of ASME Code aspects. Reference 4.2 contains

the ASME Code requirements for the interfaces of the stabilizers with the RPV, since the
installation of the stabilizers will result in new loads being applied to the RPV. All of the loads

2
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and load combinations specified in the UFSAR, that are relevant to the core shroud, are included

in the design specifications. The increased operating pressures due to' Power.Rerate and
' increased core flow are also included in the design specifications.

[ The stabilizers are installed with a small vertical preload, which assures that all components'are4

tight and which provides approximately 2000 pounds of axial load on the 3.5 inch diameter tie - ]
'

rods. The upper support, upper spring, lower spring, and lower anchor assembly are fabricated

from alloy X-750, which has a smaller coefficient of thermal expansion than does the 304-
stainless steel shroud. Additionally, the tie rods are fabricated from XM-19 stainless steel, which

also has a smaller coefficient of thermal expansion than does the shroud. Thus the stabilizer

. assemblies are thermally preloaded when the reactor is at operating conditions. The spring |

constant of the stabilizers in the vertical direction was designed to yield a total vertical preload at _ ,

operating conditions of greater than the net upward applied loads on the shroud. The vertical
'

loads are largely a result of the differential pressures across the shroud head and across the core

support plate. Thus, if any or all of the H1 through H7 welds were completely cracked,'the
stabilizers will vertically restrain the shroud such that no vertical displacement will occur during

Normal operation, which minimizes potential leakage through the assumed cracks.
,

The upper and lower springs are installed with a small radial preload such that they provide

radial support for the shroud. During normal operation, the shroud and springs radially expand

due to thermal growth slightly more than the RPV due to both thermal and pressure, which .f

increases the radial preload and assures that the springs provide linear support for the shroud
rduring normal operation.,

J

The vertical location of the upper and lower springs were chosen to provide the maximum

horizontal support for the fuel assemblies. The upper springs are at the top guide elevation and

the lower springs are at the core support plate elevation. All of the horizontal support for the fuel.

assemblies is provided by the top guide and the core support plate.

The stabilizer assemblies are designed and fabricated as safety related components, as is thee

requirement for the shroud. The installation of the stabilizer assemblies will replace the'

functions of welds H1 through H7.

At the top, each stabilizer assembly fits through two slots, which are machined through the non-

safety related shroud head and steam separator assembly. The stabilizer upper bracket contacts

the top surface and the inside surface of the shroud flange. It then extends downward to below

weld H3. It supports the upper spring, and has a hole through which the tie rod passes. The tie

3
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rod is held against the upper bracket with a nut. The tie rod extends downward approximately

165 inches to the lower spring. At the middle of the tie rod there is a support between the tie rod

and the RPV. The support is installed such that there is a horizontal preload between the tie rod

and the RPV. The midspan support functions to minimize the potential for vibration of the

stabilizer assembly. At the bottom, the tie rod threads into the lower spring. The lower spring
has a clevis at the bottom, which is attached to the pin in the lower support. The lower support is

bolted to the shroud support plate with two toggle bolts.

All pieces of the stabilizer assemblies are locked in place with mechanical devices. Loose pieces
can not occur without the failure of a locking device. The stresses in the stabilizer components

i

during Normal plant operation are less than the Normal event allowable stresses. The stabilizers
are fabricated from stress corrosion resistant material. Therefore, it is very unlikely that a

stabilizer component will fail.

The fast flux levels at the stabilizers are low compared with the values which could result in the

degradation of material properties. After 20 years of operation, the maximum fast fluence at the
2

stabilizers will be approximately 3.0E19 n/cm , which is well below the value to cause damage

to stainless steel.

1.3 Materials

The stabilizers are fabricated entirely from the type 316 stainless steel, XM-19 stainless steel,

and alloy X-750. There is no welding required.

The upper and lower springs, upper nut, upper bracket, and lower support are fabricated from

Alloy X-750 (Ni-Cr-Fe) material that has been heat treated at 1975 i 25'F followed by an air
cool and then age hardened to increase its strength. The annealing and age hardening processes

used are essentially the same as those used on the improved jet pump beams for maximum
resistance to IGSCC initiation. As a control for intergranular attack (IGA), a minimum of 0.030

inches of material is removed after the last high temperature annealing operation. This material

is certified to ASTM B637, Grade UNS N07750. Alloy X-750 was chosen because high strength

was required, and it has a coefficient of thermal expansion that is less than that of the shroud.

Alloy X-750 is resistant to IGSCC at the stress levels the components will experience during

operation, which is less sustained tensile stress than the jet pump beams experience. Some
smaller components are also fabricated from alloy X-750. The cobalt content of all X-750

material was limited to a maximum of 0.09 %.

4
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The tie rods are fabricated from XM-19 stainless steel with a maximum carbon content of 0.04%.
The XM-19 rods were solution annealed at 2000 50 F, and tested for evidence of sensitization

and IGA. XM-19 stainless steel was chosen for the fabrication of the tie rods because of its
higher strength over that of 300 series stainless steel.

Other components are fabricated from type 316 stainless steel material with a maximum carbon
content of 0.02%. The material was annealed at 1900 to 2l00 degrees F followed by quenching

in circulating water to a temperature below 400 degrees F. All material was tested for evidence

of sensitization and IGA.
,

!

1.4 System Performance Evaluation

The installation of the four shroud stabilizer assemblies at Peach Bottom Unit 2 or 3 requires the

machining of four pairs of holes through the shroud head flange. Each of these holes will have
some clearance after the installation of the u' per support, which will allow a small amount ofp

leakage flow to bypass the steam separation system. In addition, four pairs of holes will be
machined in the shroud support plate, which will also allow a small amount of core flow leakage

through the clearmee between the holes and the mating bolts. There are seven horizontal welds

in the shroud, with two welds below the core plate, and five welds above the core plate. These

welds may develop cracks, which will present additional small leakage flow paths for the core

flow. Finally, leakage past the replacement access hole covers in the shroud support shelf has

been predicted to be 0.07% of core flow. This section summarizes the performance impact of the

total leakage flow for up to 110% of rated power, and 87% to 110% of rated core flow (i.e.,

potential future power rerate conditions).

Leakage flow past the replacement access hole covers is 0.07% of core flow. Leakage from the |
machined holes in the shroud head flange is assumed to be two-phase fluid at the core exit

Iquality. The maximum leakage through these eight holes is predicted to be equal to 0.10% of
core flow. The steam portion of this leakage will contribute to increasing the total carryunder

from the steam separators. The cumulative leakage flow from the shroud support plate holes and
from the assumed weld cracks is conservatively estimated to be 0.21% of core flow. The impact |
of the total leakage on the performance of the steam separation system, the performance of thejet

pumps, the fuel thermal margin, emergency core cooling system (ECCS) performance, and the

length of the fuel cycle have been evaluated as summarized in the following subsections.

5
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1.4.1 Steam Separation System

The shroud leakage flow includes steam flow, which effectively increases the total carryunder in

the downcomer by a maximum of about 0.02% at 110% rated power, and 87% to 110% rated

core flow. The carryunder from the separators is based on the applicable separator test data at the

lower limit of the operating water level range. The combined effective carryunder from the

separators and from the shroud leakage at 87% and 110% rated core flow is about 0.28% and

0.25% respectively. The specified design value corresponding to 0.25% is slightly exceeded, but

is acceptable. The impact of the increased carryunder is evaluated in the following subsections.

The leakage through the shroud support plate holes and assumed shroud weld cracks will have no
'

effect on the steam separation characteristics.

1.4.2 Jet Pumps

The increased total carryunder will decrease the subcooling of the flow in the downcomer. This

in turn reduces the operating margin to jet pump cavitation. Any increase in flow resistance in
the annulus due to the installation of the shroud stabilizer assemblies will be insignificant. The

results show that, although that the jet pump cavitation operating margin decreases slightly, it

will remain adequate. The change in cavitation operating margin is not significant enough to

require a change to a cavitation set point, or to the power flow map.

1.4.3 Anticipated OperationalTransients

The computer code used to evaluate performance under plant transients and to calculate fuel

thermal margin includes carryunder as one of the inputs. There will be a slight increase in
carryunder due to shroud head installation hole leakage. The increase in carryunder results in an

insignificant decrease in subcooling in the downcomer region, with a corresponding decrease in

core inlet subcooling. The leakage flow rate via the shroud support plate holes and the shroud

weld cracks tends to (insignificantly) reduce the coolant flow rate into the core region. This core

flow reduction will slightly decrease the core inlet subcooling. However, the total core flow
reduction, and the core inlet subcooling changes are both within the sensitivity range of the

critical power ratio (CPR) calculations. Also, the increased carryunder fraction will tend to
reduce (make milder) the response from pressurization transients. Therefore, the fuel thermal

limits will not be affected.

|
:
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1.4.4 Emergency Core Cooling System

The effect of the shroud and access hole cover leakage flows is to decrease the time to core

uncoverv slightly, and also to increase the time that the core is uncovered. An evaluation of the

ECCS performance, conservatively based on the cumulative effect ofleakage at the shroud head,

at the shroud support plate holes, for five full (360 ) shroud weld cracks, and at the access hole

covers, was performed. The combined effects have been determined to increase the peak
cladding temperature (PCT) for the limiting LOCA event by 20 F. This increase is sufficiently |
small to be judged insignificant, and thus, the licensing basis PCT for the Normal operation
condition with no shroud leakage is applicable. In addition, the licensing basis PCT was
calculated assuming a 20% reduction in the ECCS fbw rates. The effect of the ECCS flow rate
reduction bounds the effects of the assumed shroud leakage. The sequence of events remains

essentially unchanged for the LOCA events with the shroud leakage.

The conservative ECCS flow rates in the current LOCA analysis significantly bound all potential

flow lesses resulting from the installation of the shroud stabilizers, and thus the current ECCS-

LOCA analysis remains valid. However, even if the current ECCS-LOCA analysis did not use
reduced ECCS flow rates, the calculated PCT (1690 F + 20 F) would remain well below the |
regulatory PCT limit (2200 F), the change in PCT would be less than the 50 F requirement for
NRC notification, and a floodable volume to 2/3 core height will be maintained.

1.4.5 Fuel Cycle Length

The cumulative leakage flow results in an increase in the core inlet enthalpy by about 0.1 Btu /lb,

compared with the no leakage condition. This amount has a minor effect on fuel cycle length,
and is considered negligible. Also, at end of cycle (EOC) conditions, the core flow rate is

expected to be near the maximum core flow condition where the design carryunder is met. Thus,

there is no impact at EOC when compared to the design basis condition.
;

1.4.6 Leakage through Shroud Cracks and Shroud Support Plate Holes

The amount ofleakage that would pass through an assumed 360' through wall crack at operating

conditions is limited by the tie rods, which hold the crack surfaces in contact. If it is
conservatively estimated that the crack can be modeled as a 0.001 inch wide smooth slit through I

the shroud, then the leakage is approximately 145 GPM for all seven welds combined. All of the |
leakage below the core plate would be water of the same temperature as the water in the
downcomer. All of the leakage between the top guide and the core plate would be water. Only |
the leakage from H1 and H2 would include any steam. The leakage through the eight machined

7
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mounting holes in the shroud support plate will not be more than 525 GPM, calculated at rated
*

power and Increased Core Flow.<

1.4.7 Conclusions
,

The stabilizer assemblies will not significantly affect the flow within the downcomer and will not

- adversely affect the performance of any reactor internal. The water inventory in the downcomer
with the stabilizers installed exceeds the volume used in the existing analyses.

The cumulative effects ofleakage at the shroud head flange, shroud support plate holes, assumed

shroud weld cracks, and access hole covers have been evaluated for degradation in steam

separation system performance, jet pump performance, fuel thermal margin, ECCS system

performance, and for changes in fuel cycle lerigth. The leakage flows are sufficiently small so

that steam separation system performance, jet pump performance, fuel thermal margin, and fuel

cycle length are not significantly affected. Also, the effect on ECCS performance is sufficiently

small to be judged insignificant, and thus, the licensing basis PCT for Normal operation with no

shroud leakage is applicable.

1.5 Seismic Analysis

A seismic analysis of Peach Bottom Unit 2, and 3 has been performed (Reference 4.8). The new

seismic model incorporated the installation of the shroud stabilizers. Included in the analysis
were the determination of the natural frequencies and mode shapes of the RPV building system

for the E-W and N-S direction, computation of the dynamic response to the DBE and MCE time

histories, and the calculation of the shears, moments, and displacements. The building model

was the 1970 model specified by the architect engineers (Bechtel). The Design Earthquake
,

|
(DBE) and Maximum Credible Earthquake (MCE) time histories used are based on response

spectra in Figures C.3.1 and C.3.2 of the Peach Bottom 2, 3 Updated Final Safety Analysis

Report (Reference 4.3). Peak ground accelerations for the DBE and MCE are 0.05g and 0.12g
~

respectively (Reference 4.3)

The model was qualified by achieving excellent agreement with frequencies and mode shapes
T

predicted by the previous GE model of Reference 4.5. The synthetic time history was generated
~

from the design response spectra,.

m

8
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The computer program SAP 4G07 (Reference 4.4) was used in this study. Transient response

analysis with modal superposition method (NDYN=12) was adapted. A solution time step of
0.002 second was chosen, according to the user's manual for this linear analysis.

The vertical seismic effect was combined directly with the horizontal seismic load (either

North-South or East-West). Forces and moments due to vertical loading were calculated as a j

multiplier of the dead weight. This is based on the approach discussed in the UFSAR (Reference j

4.3). |

|
The springs for the stabilizer supports and tie-rods are included in the model. Each stabilizer |
assembly has a radial spring at both the top guide and at the cdre support plate elevation. Each

radial spring can take only compressive loads. The axial spring constant for the tie-rods was
calculated based on the four tie-rods rotating about the shroud neutral axis |

In order to determine that the installation of shroud stabilizers does not adversely affect the

existing structural integrity with the assumption that no defective welds are present in the shroud,

analyses for the uncracked case were performed with the shroud stabilizers in place. The results

in this study were compared with those given in Reference 4.5 to insure that all the RPV and

internals loads and displacements are within the allowable limits.

An enveloping combination of cracked /uneracked welds has been determined to define the worst

situation for the core plate and top guide displacements, in order to insure control rod insertion

and plant shut-down. Each cracked veld was postulated to have a 360 degree through wall

crack. Seven individual cracked welds as well as several combinations of two cracked welds
have been evaluated. Also, an all cracked combination has been evaluated. Each 360 degree

through wall crack has been modeled as a hinge or a roller to determine the limiting boundary

conditions. The specific load combination that is being analyzed also influences the choice of

the boundary condition of hinge or roller. For example, during Normal operation differential

thermal tightening of the tie rods prevents upward motion of the shroud. Thus, the tie rods hold
the crack surfaces in contact, which assures that a hinge boundary condition is conservative.

During a main steam line LOCA, the tie rods will momentarily stretch such that the crack
surfaces in the shroud may part. This condition can only exist for a few seconds while the

shroud head pressure drop is sufficient to stretch the tie rods. During this short period of time,

the assumption of a roller is appropriate. The seismic analysis conservatively assumes that the

roller assumption applies during the entire seismic time history.
,

!

9
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For the LOCA case with all welds cracked, the uppermost weld (H1) is postulated to be a roller

and all the other cracks are postulated as hinges. In this case, to prevent modeling instability,

additional torsional and translational springs with small spring rates were inserted at the cracks to

stabilize the mathematical model for the all cracked case. In reality, these small torsional springs

represent certain degree of resistance from the structure. It was found, through a sensitivity

study, that the analysis results were not affected by the small spring rates that were chosea

The seismic time history analysis considered a total of 21 load cases. They represent

combinations of two earthquake events (DBE and MCE), two horizontal directions (North-South

and East-West), several cracked weld assumptions, and the two Peach Bottom units.
'

'

!

The maximum deflection of any part of the shroud that is not directly supported by either the

upper or lower radial springs is limited to approximately 1.0 inch by mechanical limit stops.
These stops do not perform any function unless a section of the shroud, for example the section
between the H4 and H5 welds, becomes loose and a combined LOCA plus seismic event occurs.

If this unlikely scenario were to occur, the stops will limit the horizontal displacement of the
shroud section to approximately 1.0 inch, which is equal to one half of the shroud wall thickness.

These stops do not invalidate the linear seismic analysis. A displacement equal to one half of the

shroud wall thickness will not result in post event leakages that prevent core cooling, because the

shroud sections still overlap each other by one half (1.0 inch) of the shroud wall thickness.

The original seismic model of the NSSS was revised to incorporate the current core reload and
the installation of the shroud stabilizers. This case models the current configuration with an

uncracked shroud. The seismic response of this model was then determined using a ground

motion input time history equivalent to the Design Response Spectra. A comparison of the
results with those from the original seismic analysis showed a close comparison with all resulting

loads in NSSS components, which were well below the allowable values. The updated model

was then modified to reflect postulated 360 degree through wall cracking at the H1 through H7

shroud welds. Various combinations of postulated cracking locations were investigated in order

to identify the bounding combinations and locations. The shroud stabilizers are intended to
relieve the shroud seismic overturning moment, and transfer it to the stabilizers and to the RPV.

The modeling and the resulting seismic loads in the shroud reflect this design concept, the
bending moments in the cracked and stabilized shroud being only 2% of those from the original

seismic analysis reported in the UFSAR.

,

10
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1.6 Design Evaluation

I The results of the structural evaluations per References 4.1 and 4.2 are documented in References

4.6 and 4.7. Reference 4.6 addresses the ASME Code, Section III, RPV and Reference 4.7

addresses the non-code shroud stabilizers, shroud, and shroud support shelf. The stabilizers and

affected shroud and RPV components are shown to satisfy the UFSAR structural requirements

using the UFSAR load combinations.

The displacements of the core support plate and the top guide are limited to the allowable

displacements given in Reference,4.1 for all load combinations. f,

|
'
.

1.6.1 Load Combinations

The UFSAR requires evaluation of Normal operating loads as well as DBE, MCE, main steam

line LOCA, and recirculation line LOCA. The following load combination and their l

(classification were considered:
l

|
Normal: Normal operating pressure differences, temperatures, and weight J

l

Upset 1: Normal operating weight, temperature and pressures, plus DBE

Upset 2: Limiting thermal condition, plus Normal pressure differences and weight

Emergency 1: Normal operating weight, temperature and pressures plus MCE

Emergency 2: Weight plus main steam line LOCA pressure differences ,

1

Faulted 1: Weight, plus MCE, plus main steam line LOCA pressure differences

Faulted 2: Weight, plus MCE, plus recirculation line LOCA pressure differences

The values of the individual loads on the shroud stabilizer springs and tie-rod were obtained from

the design specifications (References 4.1 and 4.2), which included the seismic analysis of the
'

de;;raded shroud with stabilizers. The seismic loads in the design specifications are the limiting
values of the various assumed cracking conditions.

;

11
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In general, the limiting loads in the tie rods occur with different assumed shroud cracks than for - ..,

the limiting radial loads in the upper and lower springs. It was conservatively assumed that the

worst loads on each component in each direction would be combined. The limiting loads in the
tie rods occur when it is assumed that there is a 360 degree through wall crack in weld H7 and

,

'that crack behaves as a hinge (shear transfer but no moment transfer). If the H7 is assumed to

behave as a roller (no shear and no moment transfer), then the loads are reduced in the tie rods.

The limiting loads in the radial direction on the upper springs occur when it is assumed that all of

the horizontal girth ~ welds in the shroud have 360 degree through wall cracks, with each of these
- joints modeled as hinges. The limiting radial loads on the lower spring occur with only the H7

cracked, and the joint modeled as a roller. Since the crack surfaces are held in intimate' contact,.

the jagged IGSCC cracks can transmit shear, wh'ich is the hinge condition. During a main steam

line break the upward pressure forces are sufficient, for a short period of time, to stretch the tie: ,

rods and allow the crack surfaces to separate. For this situation, the roller case was assumed at
,

thejoints.
,

1.6.2 Results

The potential for flow induced vibration has been evaluated by calculating the lowest natural
*

frequency of the shroud stabilizer assemblies, and conservatively calculating the highest vortex ,

shedding frequency due to the water flow across the stabilizer tie rods, in the downcomer (RPV-

shroud annulus). The lowest natural frequency of the assembly is 45.5 Hertz and the maximum

vortex shedding frequency is 5.2 Hertz.
t

'

There will be essentially no fatigue usage for any of the stabilizer components.

References 4.6 and 4.7 document that all structural limits have been satisfied for the shroud,

shroud stabilizers, and the reactor pressure vessel. The predicted worst case transient deflections

of the core plate is 0.87 inch for a load combination of a MCE with the H7 weld cracked plus a>

main steam pipe LOCA. The allowable transient displacement for this Faulted event is 1.49
inch. All calculated stress intensities ~in the lower radial spring meet the UFSAR allowables.

The predicted worst case transient displacement of the top guide is 2.20 inches for a MCE with
an all cracked shroud. The allowable permanent deflection of the top guide for this Emergency

,

- event is 1.40 inch. The 2.20 inch displacement is a momentary value which occurs during the
,

MCE, and is not permanent. The stresses in the upper radial spring meet the UFSAR allowables

.for an Emergency event with sufficient margin such that the spring remains elastic, and the

permanent displacement is zero. The predicted deflections of both the top guide and the core ;
,
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plate for all load combinations are within the allowables defined in the design specification,

which are based on test results and the criteria of the UFS AR.

The Peach Bottom 2,3 core spray lines were analyzed for the increase in seismic loads

and anchor movements which may result from the assumption of a worst case cracked shroud,

- ivith the installation of the shroud stabilizers. The non-ASME Code, Safety Related, core spray

lines were conservatively analyzed using the rules for Class I piping in the ASME Code Section

III, NB-3600, as an analysis guide. It was determined that the Peach Bottom core spray lines as

originally designed meet the ASME Code allowables for stress and fatigue usage for Normal /

Upset, Emergency, and Faulted conditions, and thus remain functionalivith the assumption of a
cracked shroud, and the installation of the shroud stabilizers. The allowable stress limits afe in

accordance with Tables C.S.2 and C.5.5 of the Peach Bottom UFSAR.

8 0
Each core spray line attaches to the reactor pressure vessel at the 120 or the 240 core

spray nozzle. Each line branches into a 6.0" schd. 40 horizontal header, with two vertical
downcomers that are welded to elbows in the upper shroud. The increase in loads on the core

spray lines are largely a result of the increase in movement of the assumed worst case cracked

shroud during a seismic event, or loss of cooling accident (LOCA). The shroud displacements -

are documented in Reference .4.8. The core spray lines with the mounting brackets, and
,

appropriate boundary conditions were modeled with the ANSYS Revision 4 finite element :

computer program.

The load combinations addressed were as follows:

Service Level Load Combination- Stress Tvoe
i

N /U Weight + DE n ni, Primaryi

N/U Thermal + DErn ni + DExo no,uo,,,,n, Primary + Secondary

E Weight + MCE ni, Primaryin

F Weight + MCE n.ni, Primary
i

|
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All calculated stresses in the core spray piping met the ASME Code stress allowables.

The maximum 40 year fatigue usage was calculated to be less than the Code allowable of 1.0.

The Normal / Upset condition for primary plus secondary stress included the existing thermal

stresses due to thermal expansion and thermal anchor movements, as well as seismic inertia and

seismic anchor movements.

.

It should be noted that , per NB-3217-2, the stresses resulting from piping anchor point-

motions are considered to be secondary, and are not required to be evaluated for Emergency and

Faulted conditions (one time load application), in accordance with the requirements of NB-3600.
'

However, as a functional check on the core spray lines during the anchor movement resulting
from a Faulted Condition main steam line LOCA combined with a maximum credible earthquake

(MCE) event, the maximum strain in the piping was calculated. This was found to be less than

1.0%, which is well below the minimum allowable strain at failure of 25% for ASTM A-312

TP304 stainless steel piping, thus demonstrating the functionality of the core spray line after a

Faulted event. The displacement of the shroud during a recirculation line LOCA was not found

to be significant.

Repair brackets were installed on the core spray lines at Peach Bottom Unit 3 in 1985

(Reference 4.12) after the discovery of cracking in the 240 ' core spray line header near the

connection of the pipe with the tee box. The brackets are welded to the tee box and to each

header pipe, with one bracket mounted above the tee box, and one mounted below. The core

spray lines and repair brackets were also modeled and analyzed with the assumption of a 360

degree crack in each header pipe. The core spray piping was determined to meet the a!!owables

for stress and fatigue usage in accordance with the requirements of NB-3600. The repair
brackets and attachment welds to the piping were analyzed in accordance with the requirements

of NB-3200. The stresses in the repair brackets and attachment welds were determined to meet

ASME Code primary stress allowables for all load cases.

The fatigue usage in a local area of the brac.:t to pipe weld for one of the two repair
brackets was calculated to be 2.0, which is in excers of the Code allowable of 1.0. The fatigue

usage for the second repair bracket was found to be acceptable The main contribution to the
calculated fatigue usage was due to the relative displacement of the shroud during 10 full

amplitude cycles of a design earthquake (DE) event. However, the following conservatisms :

Ishould be considered: i

|

|

|
1
|

14

|

-. .-. .. -



& - "
, ,

|( W,
'

GENE-771-59-0994 Rev.2

'
'

r ''' 'm,

,_
:DRF B13 01732* '

7 JANUARY,1995
,

.

7.p
, -.

w
~ 1. The fatigue overload was calculated to be in a local area of the bracket to'

,

header pipe weld for one of the two repair brackets.

2. There is a factor of safety of 20 for allowable cycles inherent in the low cycle -

portion of the ASME fatigue curve, and thus crack initiation is unlikely.
.

- 3. The shroud and core spray line anchor displacements were based on the '

: assumption of cracking in all seven shroud welds.

4 Thus, it is judged that the core spray lines will remain fully functional after a single DE
- ;(OBE) event. It is recommended that the core spray line repair brackets on Unit 3 be inspected.

.following an OBE event after the installation of the shroud stabilizers. If no cracking is detected,

:it is recommended that the repair bracket (s) be repla'ced at the next scheduled outage, unless it ,

can be shown by analysis that continued service is acceptable. -

.

5

(

2.0 REASON FOR CHANGE
4

. Cracks have been observed in the core shrouds of several BWRs. The NRC has issued a generic

letter, Reference 4.9, which required inspection or repair. This report discusses the installation of

shroud stabilizers that will functionally replace horizontal welds H1 through H7 in the Peach-
Bottom 2 and 3 shroud. At this' time it is not known if there are any actual cracks in the shrosd.

This report is based on the assumption that all of the horizontal girth welds (H1-H7) have -
significant cracking. However, there is no degradation of function if the stabilizers are installed '

m the absence of cracks in the shroud welds.
,

e
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3.0 DESIGN AND LICENSING DOCUMENTATION REVIEW

The Peach Bottom 2, and 3 UFSAR (Reference 4.3) was reviewed. The results of that review are

as follows. The numbers in ( ) are the paragraph numbers from which the information was

extracted.

(3.3.4.1.1) Gives a brief description of the shroud

(3.3.5.1.2) Defines the pressure differences for Normal operation

L

(3.3.5.2) Defines recirculation line LOCA pressure differences

(3.3.5.3) Defines main steam line LOCA pressure differences

(Table 4.2.1) Defines RPV material

(Table C.S.9) Defines the damping values to be used in seismic analysis

(Figures C 3.1, C.3.2) Seismic response spectra

(C.5.3.2.3) Intemals seismic analysis methodology

(Table C.S.5) Defines the required load combinations and required safety factors

(Table C.S.1) Defines the allowable deflections

(Table C.5.2) Defines stress limits

(Table C.5.6) Defines load combinations and stress limits

(C.S.3.2)
States that ASME Section III was used as a guide in the design of

the reactor internals.

(Appendix K) RPV summary stress report

16
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