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2.3

b.

Cs

mportan ign Conditions

Press. - The modification must be able to function as the
pressure boundary between the PCS and the
Containment Atmosphere. Pressurizer Design
Pressure - 2500 psia, Pressurizer Design
Transients per CE Report Nos. CENC 1114 and CENC
1214,

Temp. - The modification must take into account the
differential temperature along the nozzle and
through the pressurizer shell thickness during
plant heatup and cooldown, as well as steady
state conditions. Pressurizer Design
Temperature - 700°F, Pressurizer Design
Transients per CE Report Nos. CENC 1114 and CENC
1214 . F

Stress - The modification must account for the thermal
expansion stresses that will be set up in the
nozzle and pressurizer shell due to having
dissimilar metals constrained to the same
dimension by internal and external welds fixing
both points of the nozzle to the pressurizer
sheil. The modification must also take into
account the residual stresses in the nozzles and
the pressurizer base metal caused by the welded
"pad”. This is a concern for reoccurrence of
the cracking. Also orientation of residual
stresses in the nozzles is a concern from the
standpoint that excessive axial stress could
lead to circumferential cracking of the nozzles
and thus present a potential for a small Loss of
Coolant Accident from the nozzle penetrations.

2.4 Design Drawings

a.
b.

C.

CPCo sketch, SK-SC-93-087 sh. 1, "TE-0101 Modification™
and sh. 2, "TE-0102 Modification”

ABB/Combustion Engineering Drawing - “Pressurizer Head
Temperature Nozzle Weld Repair™ - D-9417-C093-019, rev. 02
ABB/Combustion Engineering Drawing - "Pressurizer Shell
Temperature Nozzle Weld Repair" - D-9417-C093-021, rev. 0]

2.5 Existing Analyses

a.

b.

c-

"Structural Analysis of Temperature Nozzle Weld
Modifications for Consumers Power Palisades Pressurizer”,
EA-SC-93-087-03, Rev. 0.

"Half Bead Welding for Modifications to TE-0101 and TE-
0102" - EA-SC-93-087-02, Rev. 0.

"Acceptability of Partial Severing of TE-0101 Nozzle", EA-
SC-93-04, Rev. 0.

Reference/Comment

EA-SC-93-087-03

EA-SC-93-087-03

EA-SC-93-087-03

Ref 2.6.g, Att 9

Attachment 1
Attachment 12

Attachment 13
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2.6

References

d.

b.

ABB/Combustion Engineering Nuclear Services Welding
Procedure Specification - SMA-3.43-937, rev. 1.
ABB/Conpustion Engineering Nuclear Power letter, MCC-93-
525, from J. F. Hall dated October 15, 1993 titled
"Corrosion of Palisades Pressurizer Material."
ABB/Combustion Engineering Nuclear Services Traveler No.
2003067-001, rev. 2.

Consumers Power Company Internal Correspondence from
POFitton to KVCedarquist, PDF 91*019, dated May 22, 1991,
"Palisades Plant Inconel 600 Primary Water Stress
Corrosion Cracking Status Report."

ABB/Combustion Engineering Nuclear Services Welding
Procedure Specification - GTA-8.8-910, rev. 10.
Consumers Power Company Internal Correspondence from

JCNordby to SSOverway, JCN 93*029, dated October 18, 1993,

"Effects of Half Bead Welding on Base Metals."
Consumers Power Company Internal Correspondence from
RBJenkins to Design Package File, RBJ 93*064, dated
October 18, 1993, "Nuclear Engineering and Construction
Organization: Votential for Circumferential Cracks in
Modified Pressurizer Instrumentation Nozzles."
"Engineering Specification for a Pressurizer Assembly”,
Specification No. 70P-001, Rev. 2 from Nuclear Power
Systems, Combustion Engineering, Inc.

ABB/Combustion Engineering letter from Thomas U. Bipes to
Scott Cedarquist, dated October 16, 1993, "Preliminary
Results of Nozzle TE-0101 Eddy Current Exam.”
ABB/Combustion Engineering letter - "Construction Code
Reconciliation for Consumers Power Company - Palisades
Pressurizer Upper and Lower Temperature Nozzle
Repair/Modification.”

ABB/Combustion Engineering Nuclear Services Traveler No.
2003067-002, Rev. 0.

ABB/Combustion Engineering Procedure of Electrical
Discharge Machining (EDM) Pressurizer Nozzle Severing,
STD-100-207, Rev. 0

ASME Code Interpretation, IX-1-89-70
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3.0 ASSUMPTIONS

3.1 Major

Cracks in the pressurizer temperature nozzle for TE-0102 can be
characterized as axial and thus the cracks in both temperature
nozzles are similar with respect to location and orientation to
previous industry experience with Inconel 600 Pressurizer
Penetrations experiencing Primary Water Stress Corrosion
Cracking (PWSCC) i.e. the only cracks in the nozzles are
axially oriented and are located in the vicinity of the partial
penetration "J" weld.

3.2 Minor

a. Assume effects of borated primary coolant on the
pressurizer base material is bounded by the results of the
laboratory tests provided by ABB/Combustion Engineering.

b. Assume TE-0101 nozzle [.D. and 0.D. are concentric.

c. Assume measured TE-0101 nozzle 1.D. and 0.D. are
representative of [.D. and 0.D. of whole nozzle, i.e. that
the 1.D. and 0.D. do not vary as a function of distance
down the nozzle.

Reterence/Comment

Ref 2.6.d, Att 6

Ref 2.6.b, Att 4
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4.0 ANALYSIS

4.1 Background

a. On October 9, 1993 at approximately 0900 insulators
working on the upper head of the pressurizer (T7-72) re-
installing insulation that had been removed to allow
repair to the leaking PORV line observed water leaking
from the upper head around the base of the TE-0101
temperature nozzle. (Operations department personnel were
also scheduled to inspect the TE-0101 temperature nozzle
prior to pressurizer insulation re-installation, but had
not yet gotten to that location in their inspections.) At
that time the pressurizer was filled solid with water, the
PCS was cold and at 250 psia. Palisades Systems
Engineering, Mechanical Maintenance, and Operations
departments verified the leakage. Operations commenced
reducing PCS pressure. ABB/Combustion Engineering
(ABB/CE) was contracted to assist in correcting this
problem, as were Systems Engineering and Nuclear
Engineering and Construction Organization engineers.

Event Report, E-PAL-93-032, was initiated to correct the
problem.

b. A Project Team was established to evaluate the leakage,
identify alternative solutions, and recommend a solution
to management. On October 11, 1993 the alternative were
presented to management and the option to modify the
temperature nozzle design by welding a "paa" to the
exterior surface of the pressurizer to re-establish the
structural support and pressure boundary was chosen.

c. On October 12, 1993 a detailed inspection of the other
pressurizer temperature nozzle (for TE-0102) was completed
and Teakage from around that nozzle was also noted. The
modification scope was then expanded to include both
pressurizer temperature nozzles.

d. A structural analysis of the modification was performed by
ABB/CE. It determined that the upper nozzle must be
severed between the new and old welds due to thermal
stresses that develop during heatup and cooldown of the
pressurizer. However, as the modification design
continued to develop, it became apparent that complete
severing of the nozzle had technical drawbacks. ABB/CE
was then directed to determine the maximum amount of
nozzle that could remain and still have the nozzle meet
ASME Code requirements. ABB/CE developed a calculation
showing a remaining "ligament" of the nozzle 0.D. was
acceptable. The modification design was then revised to
incorporate this change.

Reference/Comment

EA-SC-93-087-04
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4.2 Industry Experience

To date, the Nuclear Power Industry has experienced leakage
from similarly designed nozzles, especially in high temperature
environments like the pressurizer. In fact, a special
Combustion Engineeriny Owner’s Group (CEQG) Working Group was
formed in November of 1989 to address .he PWSCC of Inconel 600
that had peen determined (2 be the cause of previous similar
leaks. The results of a comparison of this working group’s
determinations indicated that the Palisades Pressurizer
Temperature Nozzles were moderately susceptible to PWSCC. As a | Ref 2.6.d. Att &
result inspections of the pressurizer temperature nozzles,
using VT-2 methods with the insulation installed have been
performed as part of the pre-startup inspections during each
subsequent refueling. The industry in the United States has,
so far, experienced cracking in instrument nozzles and heater
sleeves in pressurizers. These leaking penetrations have all
shared a common cause for the stress that sets up the
conditions to promote PWSCC - they were all attached to the
inner surface of the pressurizers with partial penetration
welds. The Palisades temperature nozzles are attached with a
partial penetration "J" weld. Permanent repairs at the other
U.S. planis that have experienced penetration cracking have |
involved replacement of the nozzles which has involved scme

welding from the inside of the pressurizer. Due to time :
considerations in planning the most ALARA effective method of ‘
replacement, Palisades management decided to pursue a method
that would allow operatiun of the plant for at least ore fuel
cycle while not being overly dose expensive to install. This
approach would allow plant operation while the planning and
engineering needed for the potentially high dose replacement of
the nozzles occurs. The modification chosen to allow r~~-ation
for at least one fuel cycle draws on ABB/CE’s experienc h
other short term modifications at other U.S. nuclear p. +ts for
leaking Tnconel 600 nozzles.

mn
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4.3 Reason for Change

4.4

The existing temperature nozzles for TE-0101 (Pressurizer Vapor
Phase Temperature Element) and TE-0102 (Pressuri.er Water Space
Temperature Element), located on the pressurizer upper head and
iower shell respectively, are currently exhibiting leakage from
between the Inconel 600 nozzle and the carbon steel base
material of the pressurizer at the outer surface of the
pressurizer. Eddy Current Testing has been used to
characterize the cracks in the upper nozzle as axial. These
cracks are similar to cracks found in Inconel nozzles at other
Pressurized Water Reactors. The typical Inconel 600 cracks
have been caused by PWSCC and are not considered to be a safety
problem due to the fact that they occur axially rather than
circumferentially (this implies they are not likely to fail
catastrophically without leaking for a sufficient amount of
time to be detected). The modification for these leaks, as
proposed by the Nuclear Steam Supply System (NSSS) vender for
Palisades, ABB/CE, is to replace the original pressure boundary
weld on the interior surface of the pressurizer shell, called a
"J" weld, with a new weld on the exterior surface of the shell,
as indicated in the construction drawings. This exterior weld
is interded to re-establish the pressure boundary downstream of
the origiral "J" welds and replace the structural support that
may have been weakened by the cracks, thereby bypassing the
faulted (cracked) portion of the nozzles.

Design Considerations

a. The weld modification design is governed by Section X! of
the ASME Boiler and Pressure Vessel code, 1983 edition
with the summer 1983 addenda, The Code. ABB/CE has
provided a lTetter that details how the Code applies to
this modification. The letter indicates that IWB-4000
will be used by the modification. By using IWB-4000
methods the modification avoids the difficulties
encountered with welding to the pressurizer - post weld
heat treatment of the entire pressurizer, since the
methods specify a self-tempering weld process. The
justification for choosing the specific processes of IWB-
4000 as prescribed by the Traveler is presented in a
Tetter from Consumers Power‘'s Welding Codes and Materials
Supervisor. The process is laid out in a qualified ABB/CE
welding procedure.

Ref 2.6.1, Att 2

Ref 2.6.d, Att 6

tt 12

Ref 2.4.b A
c Att 13

Ref 2.4,

Reference 2.2.c
Ref 2.6.j Att 11

Ref 2.6.c, Att §
EA-SC-93-087-02

Ref 2.5.b, Att 3
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The weld modifications will take the shape of a "pad"
Tecated around each nozzle on the outer surface of the
pressurizer shell. The diameter of the pads, as
specified, is designed to take into account the
replacement of the nozzles in the future by allowing a
large enough area to weld on without having to build-up
additional pad area. At the same time it also provided a
large area for the stresses on the weld pad to be spread
over. The thickness of the pad is designed as part of the
stress analysis of the modificaticn. The pads establish
the pressure boundary and structural support between the
nozzles and the pressurizer shell. This modification will
re-establish the leak-free condition that is the design
condition for the nozzle/pressurizer shell interface.

Welding the nozzles to the pressurizer shell at both the
interior surface and the exterior surface, however, sets
up the potential for high stresses in the nozzle due to
the different thermal expansion experienced by the Inconel
600 nozzle and the ASTM A-533, Grade B, Class 1 steel
plate pressurizer. This stress, caused by having the
nozzle fixed at two locations to the pressurizer shell, is
evaluated in the modification stress analysis. The
conclusion of this calculation and its addendum is that
the nozzle for TE-0101, located in the upper head of the
pressurizer, needs to be partially severed within the
thickness of the upper head to prevent the stresses caused
by differences in thermal expansion during heatup and
cooldown from exceeding the ASME code allowable stresses.
The nozzle will be partially severed using the procedure
laid out in a second traveler. PRy part:ally severing the
nozzle, the thermally induced loads on ‘he welded pressure
boundary is bounded by the material’s callapse loads in
the thinned nozzle wall. The stress calr'” -*ion addendum
demonstrated that with a thinned wall .: :ck .s of 0.110
inches, the stress level in the press » hou dary will be
within the Code allowables. The stre. 2" ulation also
verifies that the nozzle for TE-0102, ..ated in the lower
section of the pressurizer shell, does not nead to be
severed since it does not experience as large a transient
1nading due to being in a 1iquid environment. The axial
stresses developed on the lower nozzle due to accident
transients are still within ASME code stress and fatigue
allowables even with the nozzle constrained at the inner
and outer surface of the pressurizer. The calculation
also confirms that, since the modification design meets
ASME code requirements for all stress and fatigue
allowables, the modification will allow operation for at
Teast one fuel cycle.

Reference/Comment

Refs 2.4.b & ¢,
Att 12 & 13

EA-SC-93-087-03

EA-SC-93-087-03

Ref 2.6.k Att 14

EA-SC-93-087-04

EA-SC-93-087-03

EA-SC-93-087-03
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The existing crack locations in both nozzles leads to
another potential problem. That problem is one of
corrosion of the carbon steel pressurizer by the borated
primary coolant that will come in direct contact with the
steel. Due to the exterior weld build-up, the
modification will allow the known axial cracks at the TE-
0101 and TE-0102 temperature nozzles to potentially place
borated primary coolant in contact with the carbon steel
pressurizer. The NSSS vender indicates that, per an
industry study, corrosion of low alloy steel relating to
PWSCC failures in Inconel 600, the Palisades pressure
boundary material can expect a conservative maximum
corrosion rate of 3 mil/year. This corrosion rate would
not significantly effect the integrity of the pressure
boundary during one fuel cycle, thus this modification is
acceptable for installation for at least one fuel cycle
from a corrosion standpoint. Other proof that this
intentional exposure of carbon steel to bcrated primary
coolan. is not a corrosion concern can be found from
industry experience with pressurizer leaks from i:22%ter
sleeves and temperature and pressure nozzles and from CEOQG
Task 637. Actual expected corrosion for the Palisades
pressurizer base metal is probably undetectable due to the
fact that the areas exposed to borated primary coolant
will not experience any flow past them (and therefore no
erosion effects) and thus will experience an even slower
total rate of metal loss.

Ref 2.6.b, Att 4

Ref 2.6.d, Att &
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The partial sever cut will occur per the design drawing
and the second traveler with the EDM procedure. The
design is based on a desire to cut enough of the nozzle
material to meet the Code allowables, as ABB/CE has shown
in a supplement to the original design stress calculation,
while ensuring that enough "ligament™ is left of the
nozzle wall thickness to prevent a through-wall
penetration by the EDM process to the pressurizer shell.
The reason for the concern with EDM cutting the
pressurizer shell is that the EDM process has not been
interpreted to be usable on Tow alloy carbon steels
without post-removal surface smoothing by mechanical
methods and, due to PCS foreign material exclusion
concerns, that mechanical methods are not a prudent choice
of method for this application. To design a ligament
size, ABB/CE determined the maximum nozzle wall thickness
that would meet ASME Code requirements. The dimension
calculated was a maximum of 0.110 inches. To ensure that
the nozzle would break at the cut notch in the unlikely
event of an excessive transient loading and not somewhere
else, the desired ligament size was chosen as 0.055
inches. This ligament size, taken along with the cutting
accuracy of approximately ¢ 0.002 inches, the
concentricity accuracy of the EDM wand versus the nozzle
[.D. being approximately ¢ 0.005 inches (based of 1.D. of
nozzle, constriction at the modification weld, and 0.D. of
EDM wand), and nozzle I.D. and 0.D as measured in the
field, ensures that a sufficient amount of nozzle will be
removed to control stress levels while stil]l ensuring that
the 0.D. of nozzle will not be penetrated. Thus with this
ligament size specified, no pressurizer base metal will be
affected by the EDM process and this portion of the
modification will also meet ASME Code.

Ref 2.4.b Att 12
Ref 2.6.k Att 14
Ref 2.6.1 Att 15

EA-SC-93-087-04

EA-SC-93-087-04 ||!

Assumption 3.2.b
Assumption 3.2.c
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4.5 Design Basis Function

The design basis function of the pressurizer system is to
control PCS pressure and volume through the use of a saturated
steam bubble and stored water volume. Pressure control is
performed by the saturated steam bubble. It controls PCS
pressure reductions by expansion of the steam bubble and some
of the stored water flashing to steam, thus reducing the
pressure drop for a given PCS contraction. It controls PCS
pressure increases by compressing the steam bubble and
condensing some of the steam into water. (There is also a
spray system to control rapid pressure increases.) The stored
water volume also acts as a means of controlling the PCS water
volume. The pressurizer water level is the controlling input
to the Chemical and Volume Control System for letdown and
charging. The pressurizer level is controlled automatically to
maintain the appropriate PCS water volume. The design basis
functions of the nozzles for TE-0101 and TE-0102 are to: (1)
provide a pressure boundary from the pressurizer to the
containment atmosphere and (2) provide structural support to
the thermowells and temperature elements. The Temperature
Elements (TEs) provide the plant operators with indication of
the steam and water temperatures within the pressurizer to help
control operation of the plant. The TEs, however, are not Q-
Listed and do not provide any input into automated systems;
they are just for indication. The nozzles for the TEs are
provided to create the proper geometry and structural support
for the mounting of the TEs to the pressurizer. The TEs
actually mount inside a thermowell that provides the pressure
boundary from the pressurizer to the TE. The thermowell is
then welded to the safe end of the nozzle (the nozzle is welded | Attachment 1 €
to the safe end during nozzle fabrication, prior to installing
the nozzle in the pressurizer shell). The nozzle is then
welded, via the "J" weld to the pressurizer shell and the
interior cladding of the pressurizer to provide the pressure
boundary to atmosphere. The proposed modification will retain
the original "J" weld inside the pressurizer but will not rely
on it to prevent the nozzle (and thus thermowell and TE) from
being ejected from the pressurizer. For TE-0101, since the
nozzle is intentionally being partially severed outside of the E
"J" weld, the modification will assume both the design
functions of pressure boundary and structural support. For TE-
0102, even though the nozzle will remain intact, the "J" weld
will not be relied on for any structural support. The
modification will replace the pressure boundary and structural
support aspects of the "J" weld with the "pad™ on the exterior
of the pressurizer. The modification, thus, moves the
structural support point and the pressure boundary from the
interior surface to the exterior surface of the pressurizer.
Therefore the original design basis functions of the
temperature nozzles are maintained.
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Reference/Comment

t on Affected System or Interfacing Systems

The proposed modification will not have any noticeable
effect on the pressurizing system, PCS, or the pressurizer
temperature indicating system.

Each pad’'s weight is less than 10 pounds which is
insignificant compared to the dry weight of the
pressurizer vessel which is 202,000 1b. (including
heaters) and thus is not a weight concern,

The method by which the pads are deposited on the exterior
of the pressurizer assures that they are not a residual
stress concern for the vessel itself or the temperature
nozzles. The modification will not adversely affect the
pressurizer base metal due to any metallurgical changes
caused by the weld process. This is the prime reason for
the selection by the ASME Code for the weld procedures
{(Half Bead Technique) specified in paragraph IWB-4000 of
the Code. The residual stresses created by this weld
mocdification have been evaluated and determined that the
residual stresses caused by the modification can be
determined to be hoop stresses, just as was seen in the
original design. The fact that the residual stresses are
in the hoop direction, and not in the axial direction,
implies that any cracking of the nozzle that might occur
as a result of these stresses would again be axial and not
circumferential. Also it is likely that the operational i
hoop stresses as a result of the modification will be
substantially less than for the original "J" weld. This
is due to the fact that nozzle exterior at the original
"J" weld only saw only the tensile residual stresses
caused by the shrinkage of the weld material, whereas the
nozzle exterior at the pad weld will also see exterior
pressure due to the cracks upstream on the nozzle
pressurizing the bore of the pressurizer shell
penetration. This exterior pressure is compressive and
tends to lessen the total tensile stress on the nozzle.
Operational axial stress is not a concern at the TE-0101
nozzle due to the fact that it is being partially severed.
This allows any stresses due to the thermal expansion
stresses caused by the difference in expansicn between the
inner and outer walls of the pressurizer and the nozzle
material to plastically deform the nozzle in a known
orientation and location. Operational axial stress is a
potential concern in the TE-0102 nozzle, though, since it
1s remaining intact. This concern is mitigated by the
fact that the corrosion mechanism that is producing the
nozzle cracking is PWSCC and it is very time dependent.
Since the modification is intended to only be installed
one fuel cycle, it is highly unlikely that enough time
would be available for PWSCC to produce a through-wall
crack. The concern is also mitigated by the fact that the

Ref 2.6.g, Att 9
Ref 2.6.f, Att 8

Ref 2.6.g, Att 9

Ref 2.6.d, Att 6
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axial stress in question is also self-limiting, due to its
cause. The stress is highest during high differential
temperatures between the interior and exterior walls of
the pressurizer. This is a relatively uncommon
occurrence, especially for the water space of the
pressurizer, other than during plant heatup and cooldown.
The intensity of the axial stress during steady state
operation is likely to be much below the threshold stress
required for the onset of PWSCC. Since the highest level
of stress only occurs during major changes in plant state
and the modification is only intended for installation
during one fuel cycle, there will be little time spent
with the nozzle at its maximum axial stress. Thus, there
still is not a realistic threat of a circumferential crack
that would Tead to Loss of Coolant Accident. Another
point to be considered with any cracking of the TE-0102
nozzle as a result of the high axial stress during heatup
and cooldown is that any cracks that may occur due to the
stress would occur between the "J" weld and the pad weld
and thus would still be within the new pressure boundary.
As regards new cracks in the nozzle wall beyond the new
pressure boundary, it has been the industry experience
that PWSCC requires significant time to develop into
through wall cracks. Since the areas of the nozzles to be
welded by the modification were not highly stressed prior
to the modification, and currently have no eddy current
detected indications within them; it can be expected that
any PWSCC that will occur in the newly welded areas will
be minimal and will not likely cause through wall cracks
prior to the replacement of the nozzles. With no pre-
existing flaws to accelerate the process, the time this
modification is intended to be installed is insufficient
to develop PWSCC. Because a Code authorized weld process
was used to form the new pressure boundary and the
stresses created in the lower nozzle are within Code
allowables, the modification will not adversely affect the
pressurizer or nozzle at the TE-0102 nozzle.

Ref 2.6.1, Att 2
Assumption 3.1

Assumption 3.1

e
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Operational axial stress is not a concern with TE-0101 due
to the fact the nozzle is being partially severed. This
cutting operation is being performed by Electrical
Discharge Machining (EDM). The EDM process is being used
due to the fact that it produces only a residue that may
be allowed to enter the PCS, thus simplifying the cutting
operation by not requiring that the cutting be prevented
from entering the PCS. The EDM process only produces
residue in the consistency of talcum powder since it
essentially vaporizes the metal it is being used to cut
through. Since the EDM process is going to be used to cut
Inconel 600, and Inconel 600 includes trace amounts of
Cobalt, one of the concerns with releasing this residue to
the PCS is the activation of the Co-60. The fact that the
modification would introduce this Cobalt bearing powder to
the PCS was brought to the attention of Palisades Reactor
Engineering department. Allowing the EDM residue from
Inconel 600 to enter the PCS was evaluated by Reactor
Engineering as not being a concern to fuel integrity or
PCS activation due to the fine consistency of the residue
and the extremely small amounts of it being created.
Another concern with EDM is that it produces a very thin
Heat Affected Zone (HAZ). Per paragraph IWB-4212, if a
thermal process is used to remove metal from a P-No. 43
material, 1/16" of material must be removed after the
thermal removal process is complete. (Inconel 600 is
grouped as a P-No. 43 material.) However, per ASME Code
Interpretation XI-1-89-70, the requirements of paragraph
IWB-4212 do not apply to the EDM process when used on P-
No. 43 material. Thus no post-removal surface smoothing
will be required after the EDM process is used to
partially sever the TE-0101 nozzle. VYet another concern
with using the EDM process is ensuring that only the
nozzle be cut. This is because there is no Code
interpretation for cutting the P-No. 3 base metal.

Without the Code interpretation the modification would
have to take into consideration the requirement to
mechanically remove whatever 1ittle HAZ may be created by
the EDM process operating on the base metal. However, due
to the design, as indicated above in Section 4.4.e, the
probability of contacting the base metal is minimized by
leaving a 0.055 inch ligament of the nozzle behind. This
ligament has been evaluated as acceptable per the ASME
Code. Because the modification to the nozzle is being
performed within the Code allowables, and because a Code
authorized weld process was used to form the new pressure
boundary, the modification will not adversely affect the
pressurizer or the portion of the TE-0101 nozzle being
relied on as a pressure retaining component.

Reference/Comment

Reference 2.2.c

Ref 2.6.m Att 16
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e. The modification will not adversely affect the PCS due to
the entry of foreign materials. As discussed above, the
only materials to enter the PCS are a small amount of EDM
residue of powderized Inconel and the demineralized water
used by the EDM process for cooling and dielectric. The
residue has been evaluated by Reactor Engineering to not
pose either a fuel damage risk or an activation problem.
The demineralized water has been estimated at 120 gallons
(6 gal/hr * 20 hrs) and has been evaluated as not being a
boron dilution problem. Therefore the modification will
not have an adverse effect on the PCS.

T, In addition, the weld modification will not affect the
temperature elements because they are not affected by the
Tocation of the structural support or pressure boundary,
as long as they are not exposed to PCS pressure. The
leaks are not in an area that threatens to expose the TEs
to PCS pressure, thus the modification will have no
effect. in this regard, on the TEs. The TEs will be
removed from the thermowells prior to the weld
modification, thus the actual installation of the
modification will not affect the TEs either.

g. Overall, the modification will not affect either the
system it is installed on or any interfacing systems
except to restore the structural support that may have
been weakened by the cracks in the nozzles and to re-
establish the pressure boundary that has been bypassed.

Critical Features

The critical features that the modification must meet are that
1t must re-establish the structural support and the pressure
boundary between the pressurizer and the containment atmosphere
while not detrimentally affecting the structural integrity of
the pressurizer or the nozzle. The temperature elements and
thermowells that are installed in the nozzles must continue to
function normally. The original "J" weld had two critical
physical functions - (1) to provide structural support for the
thermowell and thus the temperature element, and (2) to provide
a pressure boundary between the pressurizer and the containment
atmosphere. The modification weld "pad" will function as the
replacement structural support as determined the stress
calculation and also function as the replacement pressure
boundary due to its Tocation. Because the temperature elements
will be removed during the welding and because the thermowells
will not be damaged during the modification, there will be no
adverse effects on the temperature elements, so the TEs will
continue to function normally.

Reference/Comment
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The critical features of the weld will be verified by
following the traveler, which calls for the use of non-
destructive testing after the pad is installed by weld
build-up on the pressurizer as required by section IWB-
4344 of the Code.

b. The critical features of the modification will be
verified, as required by the Code, via a leak check and
visual inspections at normal operating conditions. Per
paragraph IWA-4500 (a) of the Code, an examination of the
repaired area using the same technique as originally
detected the flaw must be performed. For the temperature
element nozzles, this means that a visual inspection for
leakage, with the insulation off, must be performed at 250
psig. Per paragraph IWA-4400 (a) after repairs by welding
on the pressure retaining boundary, a system hydrostatic
test shall be performed per IWA-5000. IWA-5214 requires
that the replacement component (in this case the pressure
boundary) be pressure tested to comply with the system
pressure test specified in IWB-5222. [IWB-5222 (b) states
that when a system hydrostatic test is conducted for a
reactor vessel containing nuclear fuel and the vessel in
within the system test boundary, the test pressure shall
not exceed the limiting conditions specified in the plant
Technical Specifications. Since the pressurizer is
unisolable from the reactor vessel, and the reactor vessel
will contain nuclear fuel during the performance of the
hydrostatic test, this paragraph indicates that the test
pressure shall not exceed the limiting conditions
specified in the plant Technical Specifications. What
this means is that the modification will have to be
pressure tested to the maximum pressure allowed in the
Technical Specifications, 2100 psia, and visually
inspected at this pressure.

c. The critical function of normal indication observed on TE-
0101 and TE-0102 will be verified by the plant operators
during plant startup.

Weld Characteristics

Weld characteristics for the modification are indicated on the
design drawings. The qualified weld procedure to be used for
the creation cf the weld build-up "pad" is found as Reference
2.6.a. The quaiified weld procedure to reinstall the
thermowell after the modification to the temperature nozzle
attachment is found as Reference 2.6.e. Procedures for
attachment of thermocouples for monitoring pre-weld and post-
weld heat treatments and the procedure for the monitoring the
heat treatments are called for in Reference 2.6.c.

Ref 2.6.c, Att 5

Palisades Technical
Specs, Section 3.' .1

Ref 2.4.b & ¢,
Attarh. 12 & 13

pttachment 3

Attachment 7

Attachment 5

PALISADES NUCLEAR PLANT EA-5C-93-087-01
PrrT—— ANALYSIS CONTINUATION SHEET
Sheet 16 Rey # g1 I
Reference/Comment

(83




PALISADES NUCLEAR PLANT EA-SC-93-087-0]
ANALYSIS CONTINUATION SHEET
Sheet 17 Reve# _g1 |

Reference/Comment

4.10 Code Reconciliation

The ASME Boiler and Pressure Vessel Code (B & PV) for the
construction design of the pressurizer was Section IIl of the
1965 edition with the winter 1966 addenda. Per the Palisades Ref 2.6.h Att 10
Nuclear Plant Final Safety Analysis Report, Section 4.3.7, the
pressurizer was built to ASME Section III 1965 edition with
winter 1965 addenda. The original engineering specification Ref 2.6.h Att 10
for the pressurizer, on pages 2 and 3, states that the winter
1966 addenda is approved for the Palisades pressurizer. Based
on this fact an FSAR Update will be submitted to correct this
error. The design of the modified connection for the
temperature nozzles is to the Section III of the ASME B & PV
Code, 1965 edition with the winter 1966 addenda. Since the EA-SC-93-087-03
design of the pressurizer and the design of the modification
are to the same edition and addenda of the Code, no
reconciliation is required. The modification installation is
to the ASME B & PV Code, 1983 edition with the summer 1983
addenda. This particular edition and addenda of the Code has
been approved as Palisades’ Inservice Inspection (ISI) Code,
and thus all welding to Section XI components at Palisades is
done to this edition and addenda without the need for
reconciliation to the Construction Code - the reconciliation
was performed when this edition and addenda were approved as
the ISI code. (See Reference 2.6.j for a more detailed code Attachment 11
reconciliation.) Thus the modification design and installation
are properly reconciled to the Construction Code.

5.0 CONCLUSION

Ref 2.4.b & c,
The modification as specified in design drawings and installed per Attach. 12 & 13,
the Travelers is an acceptable modification to the Palisades Ref 2.6.c & k,
Pressurizer Temperature Nozzles per the ASME Boiler and Pressure Attach. 5 & 14

Vessel Code, Section XI. The modification is being performed per
the Code and thus will provide adequate structural support and a
sufficient pressure boundary to continue operation of the Palisades
Nuclear Plant for at least one full fuel cycle.
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TECHNICAL REYIEW CHECKLIST Attachment S
5. RS Revision §
e D237 a5y, Page | of |

This checklist provides guidance for the review of cn?1n¢0r1nq analyses,
Answer questions Yes or No, or N/A if they do not apply. Document all
comments on a 3110 Form. Satisfactory resolution of comments ind completion
of this checklist {s noted by the Technically Reviewed signature on the
Initiation and Review record block of Form 3619. A

(Y, N, N/A)

l. Have the proper input codes, standards and design —’

principles been specified?

2. Have the input codes, standards and design principles been y
properly applied?

3. Are all inputs and assumptions valid and the basis for
their use documented? /

4. Is Vendor information used as input addressed correctly in
the analysis?

5. If the analysis argument departs from Vendor
Information/Recommendations, is the departure

justification documented? iy #
6. Are assumptions accurately described and reasonable? y
7. Has the use of engineering judgement been documented and , y
Jjustified?
8. Are all constants, variables and formulas correct and
properly applied? y
9. Have any minor (insignificant) errors been identified? If ,
yes; [Identify on the 3110 Form and justify their N
insignificance. i

10. Does analysis involve welding? If Yes; verify the
following information {s accurately represented on the y
analysis drawing (Output document).

¢ Type of Weld

® 5130 of ¥eld
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