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This modification is issued to: (1) add within scope tasks 8.3, 8.4 and 8.5 as described in the
contractor’s proposal dated 04/10/01and attached herein; (2) increase the contract ceiling by
$84,940 from $505,312 to $590,252; and (3) increase the obligated amount by $123,052 from
$467,200 to $590,252. The contract is therefore modified ag follows:

3 Wy
1. Paragraphs (a), (c) and (d) of Section B,A’, C IDERATION AND OBLIGATION-COST
PLUS FIXED FEE - ALTERNATE |, are hereby deleted in their entirety and replaced with
the following:

‘(@) The total estimated cost to the Government for full performance of this contract is
$590,252, of which the sum of $547,757 represents the estimated reimbursable
costs, and of which $42,495 represents the fixed fee.

(c)  The amount currently obligated by the Government with respect to this contract is
$590,252, of which the sum of $547,757 represents the estimated reimbursable
costs, and of which $42,495 represents the fixed fee.

(d) It is estimated that the amount currently allotted will cover performance through

09/30/01."

A summary of obligations for this contract, from date of award through the date of this action, is
given below:

FY97 for Job Code W6775: $ 72,200
FY98 for Job Code W6775: $100,000
FYQO for Job Code W6775: $ 70,000
FYO01 for Job Code W6775:; $170,052
Cumulative NRC Total for W6775: $412,252
FYQ7 for Job Code W6779: $ 55,000
FY98 for Job Code W6779: $ 53,000
FY99 for Job Code W6779: $ 70,000
Cumulative NRC Total for W6779: $178,000
Cumulative NRC Total Obligations $590,252

This modification obligates FY01 funds in the amount of $123,052.

All other terms and conditions remain the same.
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US NUCLEAR REGULATORY COMMISSION

Maodification No. 9 Under Contract No. NRC-04-97-052

EVALUATION OF HO(-LEG NOZZLE TO PIPING BI-METALLIC WELD JOINT
INTEGRITY FOR V. C. SUMMER NUCLEAR POWER PLANT

Part of Task 8 of the BINP Program
(Contract Number — NRC-04-97-052, Job Code W6775)

1.0 INTRODUCTION

The work plan outlined here is to help support the NRC’s assessment of the cracking found
in the ‘A’ hot leg nozzle to pipe weld in the Virgil C. Summer nuclear plant. The hot leg weld is
a bimetallic weld joining a SA-508 (Class 2) reactor vessel nozzle with a 304 stainless steel pipe
using an inconel weld procedure. The analysis is broken into three tasks. The first task is to
model the residual stresses that develop from welding. This analysis will include the effects of
selected repair weld analyses. The second is to validate the model by performing measurements
on a similar bi-metallic welded pipe that was obtained during an earlier NRC program at Battelle
(Short Cracks in Piping and Piping Welds). The final task involves evaluating stress intensity
factors and crack opening displacements within the welded pipe along with performing simple
pressurized water stress corrosion cracking (PWSCC) analyses of the cracks. All work is to be
performed as part of Task 8 of the BINP Program.

2.0 WORK PLAN AND TASK STRUCTURE

Task 8.3 Bi-metallic Weld and Repair Weld Residual Stress Analyses..

Three separate sets of weld analyses are planned. These include: (i) analysis of a cold leg
bimetallic weld used in an experiment conducted by Battelle in an earlier NRC sponsored
program, (ii) analysis of a typical design bimetallic weld in the V. C. Summer plant for V. C.
Summer hot legs ‘B’ and ‘C’, and (iii) Repair weld analyses of several typical repairs. The first
analysis is planned for model validation purposes (support of Task 8.4) while (ii) is planned to
predict the crack growth response within residual stress fields for a typical hot or cold leg plant
weld. Analysis set (iii) will quantify the important effect that weld repairs have on weld induced
residual stresses and on the corresponding crack growth through the repair residual stress fields.



x

The analyses in sets (i) and (ii) will be performed using both axis-symmetric analysis and
full 3D analysis. The analysis set (iii) will be performed using full 3D analysis. It is noted that
3D welding considerations can have an important effect on the residual stresses, especially in the
region of the weld start/stop locations and for considering the effects of weld repairs. The axis-
symmetric analyses of (i) and (ii) will provide an initial ‘general’ overview of the residual stress
fields in this bi-metallic weld. However, as discussed below, full 3D effects will be included in
the fracture assessment even for the axis-symmetric weld modeling case.

e Casel. A weld analysis of a bimetallic weld from a cold leg that was tested as part of
the NRC program ‘Short Cracks in Piping and Piping Welds’ program is planned first.
This pipe test was an A516 Grade 70 carbon steel pipe welded to a 316 SS safe end using
an inconel weld. The pipe diameter was 36-inch with a thickness of 3.4 inches. The
materials and geometry of this case are similar to the hot and cold leg welds in the V. C.
Summer plant. The purpose of this analysis is to validate the weld models for the
bimetallic weld case. It should be noted that Battelle’s weld models have extensive
validation from other programs in industry, US Government, and overseas utilities, but
validation for this bimetallic case should further provide confidence in the advanced
models.

e Case 2. Weld analysis of the ‘B’ and ‘C’ design hot leg bimetallic welds in the V. C.
Summer plant will be conducted. This analysis will predict the residual stresses for use
in a fracture assessment in Task 3. Weld joint specifications and material properties
available through the licensee will be provided by NRC so as to accurately model the
residual stresses.

e Case 3. Repair weld assessments will be made of the typical hot and cold leg analyses
for the Case 2 condition. The analyses will proceed as follows. First, a special
‘composite shell” solution (Reference [1]) will be employed to obtain a general overview
of the weld repair stresses. Because the composite shell solution is quite rapid several
quick analyses can be performed in order to define the locatton and size of the weld
repairs for the complicated full 3D solutions. This composite shell solution has been
used extensively by Battelle to provide assistance to a European utility on design of weld
repairs and to quantify the effect of repairs on leak rates. After locations and weld repair
designs have been agreed upon by cognizant NRC and Battelle staff (from the results of
the approximate composite shell solutions and from V. C. Summer plant experience) full
3D weld repair analyses will be performed. These are complex and computer intensive
solutions, but due to the need for local region accuracy, are considered necessary. Two
separate repair lengths and two depths (a total of four repair analyses) will be performed,
as specified and approved by NRC staff. The repair solution procedure consists of first
modeling the original bi-metallic weld. This is a computationally intense solution since
there are so many passes involved. Next, the material removal in preparation for the
repair will be modeled. Finally, the repair passes will be modeled. For all repair cases,
the predicted residual stresses will be used to predict SCC crack growth in task 3.

Some of the information necessary to perform the analyses described above includes weld
geometry and weld parameters. It is tacitly assumed that NRC can provide this information from



discussions with the licensee. Tensile and thermal properties are necessary for all materials of
interest up to near melting temperature. The NRC through the licensee will also provide these
material properties. Due to time constraints, Battelle does not plan to perform the necessary tests
to obtain the tensile data.

Finally, all analyses will be performed usmg the STARWELD® weld analysis code
(Reference [2]), which was developed jointly by Battelle and Caterpillar. This code has an
extensive database of validation for complex welded structures and is considered to be the best
available weld analysis code.

Task 8.4 Weld Residual Stress Measurements.

This task involves determining the residual stresses from the Battelle bimetallic test case
(Reference [3] - from the Short Cracks in Piping and Piping Welds program) to further validate
the models for bimetallic welds. Battelle still has sections of the original pipes that were taken
from a canceled plant, and several were tested (Reference [3]) but several sections still remain
undamaged. Battelle plans to use a trepanning techmque to obtain surface measurements of the
residual stresses.

Task 8.5 Fracture Mechanics and PWSCC Analysis.

Stress intensity factors will be determined by first mapping the results obtained from the
weld analyses to a full three-dimensional finite element model. The stress intensity factors will
be determined from the residual stress fields using the finite element alternating method
(FEAM) code developed by Battelle (Reference [4]). FEAM is an extremely efficient method
for fracture analysis that was developed recently in the aerospace community and has FAA and
Air Force acceptance. In addition, Battelle has been using FEAM for weld fracture analyses for
Argonne National Laboratory (as part of another NRC program), as part of a DOE weld fracture
analysis program for Savannah River, and for European utilities. It is accepted as accurate and
has been extensively validated. The effect of weld residual stress redistribution during crack
growth is accurately accounted for with FEAM. The efficiency of FEAM is because a special
crack mesh is not needed - rather the mesh for the uncracked geometry is all that is required, and
K solutions can be obtained for many crack sizes, shapes, and locations with this one mesh.

Both circumferential and axial crack solutions will be obtained for both surface and through-
wall cracks. From the recent documentation of the V C Summer cracking it is clear that both
types of cracking have been observed. Flaw indications have been identified using ultrasonic
testing (UT) and eddy current testing (ECT) in hot legs A, B, and C as reported in 12/20/2000
and 01/18/2001 licensee public meeting presentations. The NRC and Battelle will jointly
determine the number, sizes, and locations of the cracks. It is assumed that K will be determined
for about 20 cracks of various sizes and locations. In addition, one ‘old fashioned’ full 3D finite
element analysis will be performed using ABAQUS for validation purposes. It is emphasized
that the full 3D analysis using ABAQUS is time consuming and costly compared with FEAM
solutions.

Finally, PWSCC predictions will be made using the K solution results. The analyses of
PWSCC include the effect of residual stress redistribution caused by crack growth. NRC will
provide pertinent material properties for the PWSCC analyses.



3.0 SCHEDULE

Work is expected to begin on 05/15/01 and to be completed by 02/28/02. A draft final letter
report will be submitted by 12/28/01 and a final report will be submitted within 45 days after
receiving NRC comments.

4.0 DELIVERABLES

A report describing the results of the study will be provided at the end of the project along with
several PowerPoint presentations that detail the results. In addition, due to the need to obtain
results quickly we will provide bi-monthly progress reports.
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