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UNITEO STATES
NUCLEAR REGULATORY COMMISSION

REGION II
101 MARIETTASTREET, N.W., SUITE 2900

ATLANTA,GEORGIA 30323-0199

Report Nos.: 50-335/94-10 and 50-389/94-10

Licensee: Florida Power and Light Company
9250 West Flagler Street
Miami, FL 33102

Docket Nos.: 50-335 and 50-389 License Nos.: DPR-67 and NPF-16

Facility Name: Saint Lucie Plant Units 1 and 2

Inspection Conducted: March 21-24, 1994, March 28-31, 1994 and
April 5-8, 1994
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Inspectors:
B. R. Crowley Date igned

J. L. Coley Date Signed

.Approved by:
lake, Chief

Ma erials and Processes Section
Engineering Branch
Division of Reactor Safety

Date Signed

SUMMARY

Scope:

"This-routine, announced inspection was conducted on site in the area of
: 'pressurizer steam space nozzle repairs.

Results:

In the areas inspected, one violation (VIO), failure to meet weld-prep
dimensional tolerances on pressurizer instrument nozzle welds - paragraph
2.d:(3), was identified. No deviations were identified.

In general repair activities were well controlled and accomplished in
accordance with requirements.
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REPORT DETAILS

Persons Contacted

Licensee Employees

¹*E. Anderson, Senior Specialist - Inservice Inspection (ISI)
J. Brady, Mechanical Maintenance Engineering Supervisor
S. Boggs, Metallurgist - Component Supports & Inspections (CSI)

¹*&C. Burton, Plant Manager
F. Carr, Nuclear Energy Specialist - Nondestructive Examination (NDE)

*&K. Craig, Steam Generator Program Manager - CSI
¹R. Dawson, Maintenance Manager

C. Geier, Welding Engineer, Mechanical Maintenance
¹J. Holt, Licensing Engineer

K. Hayhew, Site ISI Coordinator
¹*&L. HcLaughlin, Licensing Manager
¹*A. Henocal, Mechanical Maintenance Department Head

D. Nowaksowski, NDE Level III
&G. Pustover, Site Engineer
*D. Sager, Vice President, St. Lucie Plant
*R. Sipos, Project Manager, SGR Project
T. Skiba, Materials Design Specialist

¹*&D. Wolf, Site Engineering Supervisor

Contractor Employees - Welding Services, Inc. (WSI)

P. Amador, Manager of Nuclear Services (Site Project Manager)
T. Forman, Quality Assurance (QA) Manager
W. Gwaltney, Quality Control (QC) Lead
H. Hammer, QC Lead

Other licensee and contractor employees contacted during this inspection
included engineers, QA/QC personnel, security force members, technicians,
and administrative personnel.

NRC Employees

¹&S. Elrod, Senior Resident Inspector
¹&H. Hiller, Resident Inspector
¹R. Prevatte, Senior Resident Inspector, Brunswick

& Attended exit interview on March 24, 1994* Attended exit interview on March 31, 1994
¹ Attended exit interview on April 8, 1994

Acronyms and initialisms used throughout this report are listed in the
last paragraph.



2. Repair of Steam Generator Pressurizer Steam Space Instrument Nozzles-
Unit 2 (73753) (55050)

The inspectors reviewed documents and records, and observed activities,
as indicated below, to determine whether repair of the one-inch diameter,
pressurizer vapor space, instrument nozzles was being conducted in accor-
dance with applicable procedures, regulatory requirements, and licensee
commitments. The applicable Repair and Replacement Code for Unit 2 is
the American Society of Mechanical Engineers Boiler and Pressure Vessel
(ASHE B8 PV) Code, Section XI, 1989 Edition. In accordance with ASHE
Section XI, the repair was being accomplished in accordance with the
original construction code of record, ASME BRPV Code, Section III,
Subsection NB, 1971 Edition with Addenda through Summer 1972.

Code Case N-432, Repair Welding Using Automatic or Machine Gas Tungsten-
Arc Welding (GTAW) Temperbead Technique, Section XI, Division 1, was used
for the repair. In addition, Code Case 2142, f-Number Grouping for
NI-Cr-Fe, Classification UNS N06052 Filler Metal, Section XI, was used
for the GTAW welding material.

a. Background

There has been a history of industry problems with Primary Water
Stress Corrosion Cracking (PWSCC) in small diameter, Inconel Alloy
600, pressurizer nozzles (See NRC Inspection Report 50-335,389/93-
08). The four Unit 2 pressurizer vapor space instrument nozzles,
located in the upper head, were replaced during the 1987 End-of-
Cycle (EOC) 3 outage. The replacements were Inconel Alloy 600
material. On Harch 2, 1993, during heatup for restart, all four of
the nozzles were found to be leaking because of PWSCC and were
replaced with Inconel Alloy 690, which has improved resistance to
PWSCC. The design remained the same and the welding was
accomplished with Inconel 182 Shielded Metal ARC (SHAW) welding
material.

During the current refueling outage, visual inspection of the four
nozzles revealed evidence of leakage at nozzle "C". No leakage was
evident at the other three nozzles. Liquid Penetrant (PT)
inspection was performed on all four nozzle ends and associated J-
welds on the internal of the pressurizer. Randomly oriented
rejectable linear indications were identified in the J-welds of
nozzles "A", "B", and "C". The largest indication was 7/8" long and
was in the "C" nozzle weld. Code acceptable rounded indications
were identified in nozzle welds "A", "B", and "D". Surface grinding
of the indication area of nozzle "B" failed to remove any of the
indications. Subsequent Eddy Current and PT indications of the
nozzle bores revealed insignificant indications that were attributed
to machining of the nozzle bores during the manufacturing process.



The licensee's root cause analysis concluded that the most probable
failure mechanism for the "C" nozzle weld and the rejectable PT
indications in nozzle welds "A", "B", and "C" was fabrication
defects (slag and lack of fusion) in combination with PWSCC. The
most probable root causes of the failure were:

Use of, Inconel 182 weld material (SHAW), which is susceptible
to PWSCC

High residual stresses due to multiple nozzle
rework/replacement

Poor human factor conditions for the SHAW welding

To address the above problems, the licensee re-designed the nozzle
to shell connections as follows:

The four existing Inconel 690 nozzles were parted below the
outside surface of the pressurizer wall and the inside J-welds
were left intact.

Inconel pad weld-buildups were made on the outside surface of
the pressurizer around the nozzle openings. The weld pads were
made with the GTAW process using Code Case 2142, UNS N06052
Filler Metal developed for welding Inconel 690 base materials.
The pads were 3/4" thick and the initial six layers were welded
using a temper bead technique in accordance with Code Case N-
432, The parted existing Inconel 690 nozzles were re-inserted
in the pressurizer shell and J-groove welds were used to attach
the nozzles to the welded pads. The J-groove welds were made
using the manual GTAW process.

The new design should improve the resistance to PWSCC and improve
the weld quality by: (I) moving the weld from inside to outside the
pressurizer, thus lowering the temperature at the weld during plant
operations by 30' and decreasing the susceptibility to PWSCC, (2)
welding with GTAW welding material in lieu of the PWSCC susceptible
SMAW material, and (3) improving the human factors conditions for
welding by moving the weld to the outside of the pressurizer.

b. Engineering

The inspectors reviewed the following documents for the new design:

Plant Change/Modification (PC/H) 038-294, Revision I,
Pressurizer Upper Head Split Instrument Nozzle Nodification

CR-9417-CSE94-llll, Revision 0, Structural Analysis of Top Head
Instrument Nozzle Weld Repair For Florida Power 8 Light - St
Lucie 82 Pressurizer
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NRC approval (dated Harch 30, 1994) for use of Code Case 2142

Fracture Hechanics Analysis of Pressurizer Instrument Nozzle
Flaws

NRC approval (date April 1, 1994) of the Fracture Hechanics
Analysis for the flaws left in the pressurizer nozzle J-welds

The design was implemented under 10 CFR 50.59. The Structural
Analysis and the Fracture Hechanics Analysis were not reviewed in
detail by the inspectors, but were reviewed to ensure that
appropriate design documents had been generated for the new welds.
The design of the welds was derived from the ASHE Section III Code
of Record noted above and the Structural Analysis using the new
design was performed by Combustion Engineering, the pressurizer
manufacturer.

Implementation

The inspectors interviewed licensee and contractor personnel,
reviewed procedures and records, and observed in-process work
activities described below to determine whether the nozzle repair
activities were being accomplished in accordance with procedures and
regulatory. requirements. The work was performed by Welding Services
Inc. (WSI) using their gA program under the direction of Florida
Power & Light Company (FP&L). NDE of the welds (Pads and J-welds,
with exception of Ultrasonic (UT) testing of the Pad build-ups, was
performed by WSI. UT inspection of the Pad build-ups was performed
by FP&L.

(1) Programs and Procedures Review

FP&L guality Instruction (gI) 10-PR/PSL-8, Revision 3,
Control of Repairs and Replacements

FP&L Administrative Procedure (AP) 0005760, Revision 5,
St. Lucie Plant Implementation Guidelines of the ASHE
Section XI Repair and Replacement program

WSI Nuclear guality Assur ance Hanual, 3rd Edition,
Revision 2

WSI gAP 2.0, Revision 4, Selection, Training,
gualification, and Certification of guality Control
Personnel to ANSI N45.2.6 and ANSI/ASHE NgA-I

WSSI gAP 2.7, Revision 4, Selection, Training,
qualification, and Certification of Non-destructive
Testing Personnel

,WSI gAP 8.0, Revision 4, Control and Issue of Weld Filler
Hetal



WSI gAP 9.3, Revision 8, Workmanship and Visual Inspection
Criteria for ASME/ASME B.31 Welding

WSI gAP 9.5, Revision 0, Weld Repair Procedure

WSI gAP 9.6, Revision 0, Liquid Penetrant Inspection
procedure

WSI gAP 9.7, Revision 0, Magnetic Particle Inspection
Procedure

WSI gAP 12.0, Control of Measuring and Test Equipment

FP8L NDE 5.22, Revision 0, Ultrasonic Examination of
Carbon Steel Base Metal and Weld Material Build-up

WSI Work Procedure No. 3403302, Revision 2, Installation
of Heater Pads, St. Lucie Unit 2 Nozzles B L C

WSI Work Procedure No. 3403303, Revision 2, Installation
of Heater Pads, St. Lucie Unit 2 Nozzles A 5 D

WSI Work Procedure No. 340304, Revision 2, Weld
Performance, Post Weld Heat Treatment, and Nozzle
Installation, St. Lucie Unit 2, Nozzles B 8 C

WSI Work Procedure No. 340305, Revision 2, Weld
Performance, Post Weld Heat Treatment, and Nozzle
Installation, St. Lucie Unit 2, Nozzles A 5 D

WSI Welding Procedure Specification (WPS) A03248,
Revision 2

WSI Procedure gualification Record (P(R) A-3256-N432-52,
Revision 1

WSI PAR A0382142. 1, Dated June 15, 1993

WSI PgR A43258-52, Dated March 30, 1993

WSI PgR 00032, Revision 0

WSI WPS A043245, Revision 2

Non-conformance Report (NCR) 2-584

NPWO ¹86 81/62 - Work Order 94 006483 including Attachment
B (Section XI Routing Traveler) and Attachment C (ASME
Section XI Technical Review)



The above documents were reviewed for general content, approval
requirements, and to determine if the work was adequately
controlled. In addition, the PgRs, WPSs, and NDE procedures
were reviewed to determine compliance with Code (ASME Sections
III, V, and IX) requirements as well as the Code Cases noted
above.

(2) Observation of In-process Welding

The inspectors observed the following in-Process Welds:

WELD IDENTIFICATION STATUS OF WELD

Pad Build-up - Nozzle A
Pad Build-up - Nozzle C

Pad Build-up - Nozzle A
Pad Build-up - Nozzle B

Pad Build-up - Nozzle B

Pad Build-up - Nozzle D

1st Layer
7th Layer
4th Layer
3rd Layer
Repair Welding
Repair Welding

In addition to the in-process work activities, in-process Weld
Data Sheets were reviewed. Weld appearance, weld material
control, use of the correct weld material, use of the correct
welding procedure and welding variables, preheat and interpass
temperature controls, gC coverage, and welder qualification and
general knowledge and ability were evaluated.

(3) Welder Performance

Welder qualification records, including continuity records,
were reviewed for the following welders, who performed the
above welds.

WELDER SYMBOL PROCESS

LDC-3345
DDD-4301
DLJ-0521
JMK-8858
GBL-0735
TRL-8585
TMM-1760

*WWN-9027
RLP-4808
CAP-2339

GTAW Machine and Manual
GTAW Machine
GTAW Machine and Manual
GTAW Machine
GTAW Machine
GTAW Machine
GTAW Machine and Manual
GTAW Machine
GTAW Machine
GTAW Machine

* Observed welder in the process of qualifying

The inspectors also observed completed side bend samples taken
from qualification test assemblies for welders GBL-0735, TMM-
1766, and JMK-8858.
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(4) Welding Material

Welding material certification and receiving inspection records
for the following welding materials used in the welds observed
above were reviewed:

TYPE SIZE HEAT LOT Number

UNS N06052
UNS N06052
UNS N06052

(5) Welding Equipment

0.045"
3/32"
1/8"

NX8278JK
NX8335JK
NX8335JK

The inspector verified, by review of records, that the
following automated welding equipment used for the above welds
had been calibrated:

Welding Head - Serial 05038
Welding Console - Serial 11195
Welding Head - Serial 05011
Welding Console - Serial 09025

(6) Observation of NDE

The inspectors observed the following NDE of the Weld Pad
build-ups:

Final UT on "C" nozzle Pad after repair welding - The
inspectors also observed demonstration of the UT procedure
on the Pad calibration block.

In-process PT of grindouts during repair of Pad build-ups
for nozzles "A", "8", and "D" (See paragraph 2.d.(2)
below)

Re-PT of completed Pad build-ups on Nozzles "8" and "C"

UT inspection records for nozzles "A", "8", "C", and "D" Pad-
buildups and surrounding base material were reviewed.

NDE and Nechanical Inspector qualification records for the
following NDE examiners were reviewed:





NDE METHOD LEVEL EMPLOYER NUMBER

ALL
UT
UT
PT
MT
VT-1
Mechanical

III
II
1T
II
II
II
II

FPKL
FPKL
FP&L
WSI
WSI
WSI
WSI

d. Problems Identified During Welding of the Pad Build-ups

During Pad Build-up welding, the four problems discussed below were
identified:

(1) Welding started with Pad "C". The first layer required 15 weld
passes to complete. While welding additional layers on Pad
"C", welding started on Pad "A". When 21 passes were completed
on Pad "A" and the 1st layer was still not complete, WSI
realized that something was different about the welding of Pads
"C" and "A", The job was stopped to determine why Pad "A" was
requiring more beads to the layer than Pad "C". After trouble
shooting, WSI determined that the output amperage from the
machine being used for Pad "C" was 240 Amps in lieu of the
procedure required 140 Amps. Although the control console was
set at the required 140 Amps and calibration records indicated
that the console had been calibrated to indicate the correct
amperage, the actual machine output was 240 Amps. WSI NCR 0041
was issued and all work was stopped to determine the cause of
the incorrect amperage. All parameters were found to be
correct for Pad "A".

For equipment being used for Pad "C", Trouble shooting revealed
that the contacts on the 100 digit rotary switch on the console
used to set the amperage was dirty and, although set on 100
Amps, was actually requiring the power supply to output 200
Amps. Corrective actions included:

The contacts on all of the rotary switches (for all
parameters) on all of the machines were cleaned and
calibration assured.

Welding parameters were independently (independent of
console settings) verified by WSI gC for all remaining
layers for all Pads.

At the time the problem was identified, Pad "C" needed
only 1 or 2 layers to completed. Since the welding up to
that point had been accomplished outside qualified
procedure parameters, the weld either'had to be removed
and re-welded, or a procedure qualification performed with
the welding parameters used. The licensee decided to have



WSI attempt to qualify the parameters used. The
qualification was successful.

The inspectors reviewed all of the corrective actions listed
above, including the new P(R and test results for the actual
parameters used on the "C" nozzle Pad. The licensee and WSI
response to the problem was considered to be good.

The final UT inspection revealed lack of fusion (LOF) type
defects in all of the Pads. All of the defects were located
within the upper 0.3" of weld material or well out of the
temper bead area (1st 6 layers) of the build-ups. In all
cases, the defects were in the 90'ownhill quadrant of the
weld indicating slightly high wire feed or low heat input for
that portion of the weld. The weld deposition rate had been
increased after the sixth layer, but within procedure
requirements. All defects were satisfactorily removed and
repaired using the manual GTAW process.

The inspectors reviewed the repair procedures and observed in-
process grinding and PT inspection of cavities for Pads "A",
"B", and "D". In addition, final UT inspection of "C" Pad and
re-PT inspection Pads "B" and "C" was observed. Corrective
actions were considered appropriate.

The applicable engineering specification (PC/H 038-294) for
weld preparation (prep) of the J-welds in the Pad Build-ups,
specified a J-prep bevel of 45'0'/-5 . Paragraphs 13 and 14
of WSI Work Procedure 3403304 implemented this requirement for
the preps on nozzles "B" and "C". These paragraphs required
that the preps were to be hand ground to the PC/H requirements
and dimensional inspected and signed off by gC.

On April 7, 1994, the inspectors observed the WSI gC inspector
inspecting the final J-weld prep on the "D" Pad. Based on
comparison with the template used for grinding the prep, it
appeared that the J-bevel angle was larger than the template.
He stated that he would have the gA Manager look at the prep
and determine the correct acceptance criteria. After
determining that the template had been machined to 45', the
inspector requested the WSI Project Hanager to re-measure the
preps on nozzle Pads "B" and "C", which had been accepted
(dimensional and PT) by gC on the previous night shift. After
comparison with the template, the Project Manager agreed that
the angle for "C" nozzle Weld-prep appeared to be outside of
drawing requirements. Further measurements by gA/gC found the
angle on Pad "C" to be 50-52 degrees and the angle on Pad "B"
to be 38-45 degrees. WSI NCR 042 and Corrective Request (CAR)
003 were issued to document the condition and corrective
actions. The corrective actions included:
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Interview of the gC inspector who performed the
inspections and accepted the Weld-preps - The interview
revealed that he had mis-interpreted the drawing and
thought the angle was 45'5'/-0'n lieu of 45'0'/-5'.
(Note: This does not explain why an angle of 38 - 45
degrees was accepted for Pad "B")

Re-training all inspection and production personnel to
ensure clear understanding of procedural requirements
associated with dimensional tolerances.

Engineering issued a Change Request Notice (CAN) to allow
a larger tolerance on the J-prep bevel angle as larger
tolerances are allowed by the ASME Code.

The inspectors concluded that Engineering specification of the
overly tight tolerances on the dimensions for the J-bevel weld
prep should be considered a contributing cause for the above
problem, since the weld-prep was to be hand ground and the
chances of hand grinding to the tight tolerances were not good.

The inspectors informed the licensee that failure to meet
procedure and drawing dimensional requirements for the J-bevel
weld preps on nozzles "B" and "C" and acceptance of the preps
by gC appeared to be in violation of NRC requirements and would
be identified as Violation 389/94-10-01, Failure to Meet Weld-
prep Dimensional Tolerances on Pressurizer Instrument Nozzle
Welds.

(4) While inspecting the nozzles "B" and "C" weld preps, the
inspectors noted a I/2" long discontinuity at the intersection
of the bottom of the J-groove and the bore of the hole for the
"C" nozzle Pad. It was questionable whether the area would
pass PT inspection and whether it would be acceptable for
welding at fitup. As noted above, the weld prep had been
accepted by gC earlier on the night shift. The WSI gA manager
agreed to re-PT inspect the area in question to determine if
the area could be properly PT inspected. The area did pass the
PT inspection. Also, the WSI Work procedure contained a later
work step for signoff of fitup when the nozzles are installed.
The WSI Project Manager and the gA manager stated that, the
discontinuity would preclude obtaining an acceptable fitup and
would be rejected and repaired at the time of the fitup
inspection. However, the Project Manager decided to repair the
discontinuity prior to fitup.
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Inspection History For Other Pressurizer Nozzles Welded With Inconel
182 (SHAW) Welding Material

The inspectors reviewed the inspection status/history for all Unit 2
pressurizer nozzle welds. The following summarizes the results of
this review:

In addition to the four vapor space nozzles repaired this outage
there are three liquid space small diameter nozzle welds and 30
heater sleeve to lower head welds. As augmented inspections, all of
these small diameter nozzles are inspected each outage for leakage.

In addition, there are six larger diameter (>3") nozzles. Prior to
this inspection, the following inspections had been performed for
these welds:

COMPONENT
DESCRIPTION

Safety Nozzle
A to Flange

Safety Nozzle
8 to Flange

Safety Nozzle
C to Flange

Surge Nozzle to
Safe-End

Spray Nozzle to
Safe-End

DATE OF
EXAM

4/86

3/94

'/92

3/94

2/89

3/94

10/87

3/94

2/94

10/84
3/94

TYPE EXAM

45'L* UT

PT

45'L* UT
60'L* UT

PT

45'L* UT60'** UT

PT

45'L* UT45'** UT
45'L" UT
60'L* UT

PT

45 S** UT
45'L* UT
60'L* UT

REMARKS

AXIAL and CIRC
6 db Hot

AXIAL and CIRC
AXIAL
14 db Hot

AXIAL and CIRC
AXIAL
14 db Hot

AXIAL and CIRC
AXIAL and CIRC
AXIAL and CIRC
AXIAL
6db Hot

AXIAL and CIRC
INFO AXIAL***
INFO AXIAL***
6db hot
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Relief Nozzle to 10/90
Safe-End 3/94

3/94

45'** UT
45'L* UT
60'L*'UT

PT

AXIAL and CIRC
INFO AXIAL***
INFO AXIAL***
6db hot

* Refracted Longitudinal Wave
** Shear Wave*** These informational examinations were performed during the

current inspections after the NRC questioned the licensee
relative to which welds had received meaningful RL UT

Inspections.

UT inspections have not revealed any problems with any of the large
diameter pressurizer nozzle welds.

RESULTS

In the areas inspected, one violation as noted in paragraph d.(3) was
identified. No deviations were identified.

In general, the repair activities were found to be well controlled and
performed in accordance with requirements. Good performance was
observed.. Relative to the violation, the inspectors concluded that
Engineering was a contributing cause due to overly tight tolerances
assigned to the dimensions for the J-bevel weld prep, which was to be
hand ground.

3. Exit Interview

The inspection scope and results were summarized on March 24 and
March 31, and April 8, 1994, with those persons indicated in paragraph l.
The inspector described the areas inspected and discussed in detail the
inspection findings listed below. Proprietary information is not
contained in this report. Dissenting comments were not received from the
licensee.

(Open) VIO 389/94-10-01, Failure to Meet Weld-prep Dimensional Tolerances
on Pressurizer Instrument Nozzle Welds.

4. Acronyms

AP
ASME

BRPV
CAN

CAR
CSI
EOC

FPKL
GTAW

Administrative Procedure
American Society of Mechanical Engineers
Boiler and Pressure Vessel
Change Request Notice
Corrective Action Request
Component, Supports and Inspections
End of Cycle
Florida Power and Light Company
Gas Tungsten Arc Welding
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ISI
LOF
NCR

NDE

NRC

NPWO

NRR

PC/M
PQR

PT
PWSCC

QA
QAP

QC

QI
RII
SGR

SMAW

UT
VIO
VT
WO

WPS

WSI

Inservice Inspection
Lack of Fusion
Nonconformance Report
Nondestructive Examination
Nuclear Regulatory Commission
Nuclear Plant Work Order
Nuclear Reactor Regulation
Plant Change/Modification
Procedure Qualification Record
Liquid Penetrant Inspection
Primary Water Stress Corrosion Cracking
Quality Assurance
Quality Assurance Procedure
Quality Control
Quality Instruction
NRC Region II
Steam Generator Replacement
Shielded Metal Arc Welding
Ultrasonic Inspection
Violation
Visual Inspection
Work Order
Welding Procedure Specification
Welding Services, Inc.


