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ABSTRACT
Due to recent issues concerning primary water stress corrosion cracking (PWSCC) in dissimilar metal
welds in pressurized water reactors, the Materials Reliability Program (MRP) has issued guidelines
that require all Reactor Coolant System (RCS) piping welds containing Alloy 82/182 materials that
operate at Hot Leg temperatures (typically 600°-620°F) to be examined every 5 years, and all RCS
piping welds containing Alloy 82/182 that operate at Cold Leg temperatures (typically 550°-560°F) to
be examined every 6 years. The only currently approved method for performing examinations is
ultrasonic examination (UT) using procedures demonstrated in accordance with Appendix VIII,
Supplement 10, of ASME Section XI. Such examinations are already well established for inspection of
the butt welds at the reactor pressure vessel (RPV) inlet/outlet nozzle to reactor coolant piping welds,
but have not been widely deployed for the corresponding steam generator (S/G) inlet/outlet nozzle to
reactor coolant piping welds. In the case of the RPV nozzle to piping welds, the exams are performed
from the nozzle interior. In the case of the S/G nozzle to piping welds, an interior examination has the
advantages of using a previously qualified technique, examining from the side susceptible to PWSCC,
and avoiding potential problems with geometry or material conditions on the exterior surface. In
particular, Westinghouse plants have either static or centrifugally cast elbows welded to the nozzle
and/or safe-ends, which would make examination from that side of the outer surface difficult, if not
impossible. Therefore, a team of individuals from IHI Southwest Technologies (ISwT), Southwest
Research Institute (SwRI), and the Point Beach Nuclear Plant (PBNP) are proposing the development
a new tool that will allow application of an ultrasonic examination that was previously qualified for
examination of the welds at the RPV nozzle to meet the new requirement for examination of the welds
at the S/G nozzle, from the nozzle interior. In order to access these welds, the delivery device
requirements are very different from those in the RPV nozzles. In particular, the most likely access
point is the relatively small manway used to access the S/G bowl for other activities, including S/G
tube eddy current examinations. Any tool inserted through this manway cannot take a straight path to
the weld to be examined, and must be able to examine a weld that is larger diameter than the manway
through which it is inserted. Other requirements are that it should be possible to insert and operate the
tool with no or very limited human entrance into the S/G bowl, due to potentially high radiation fields
(> 80 mSv/hr [8 rem/hr]). To meet these requirements, the team has designed a unique tool that takes
advantage of the geometry of the S/G bowl, in particular the presence of S/G tubes and nozzle dam
rings, to allow positioning and support of the tool. The tool is inserted through the manway in a
compressed configuration, lifted at an angle by a cable previously attached to a tube, and then changed
to its expanded configuration as it is lowered to the dam ring, upon which it is secured. The tool
design and operation are described in more detail in this paper.

BACKGROUND
For a number of years, problems have been noted with Inconel® materials developing primary water
stress corrosion cracking (PWSCC) when subjected to elevated temperature and/or stress
environments. Some of the more notable events that have occurred in the nuclear industry include the
following:
• Cracking found at Ringhals and V.C. Summer in the Reactor Pressure Vessel (RPV) nozzle to
reactor coolant system (RCS) piping butt welds in 2000;
• Leakage in a pressurizer relief nozzle butt weld at Tsuruga Unit 2 in 2003;
• Indications found in a hot leg drain line weld at Calvert Cliffs in 2005;

•
•

Indications found in the pressurizer surge line-to-nozzle weld at Wolf Creek in 2006 and Farley
Unit 2 in 2007;
Indications in the steam generator hot leg (inlet) nozzle butt weld at Mihama Unit 2 in
September 2007.

American Society of Mechanical Engineers (ASME) Code Requirements
ASME Section XI, Tables IWB-2500 and IWC-2500 require the use of “volumetric” examination
methods for similar or dissimilar metal piping welds (Category B-F, B-J, C-F-1, and C-F-2).
ubsubarticle IWA-2230 defines volumetric examination as a technique which, “…indicates the
presence of discontinuities throughout the volume of material and may be conducted from either the
inside or outside surface of a component.” Paragraphs IWA-2231, -2232, -2233, and –2234 further
define the four methods which may be considered as volumetric examination and how they are
required to be conducted.
WA-2232 requires that all ultrasonic examinations be performed in accordance with Appendix I
of Section XI (“Ultrasonic Examinations”). Appendix I states that ultrasonic examination procedures,
equipment, and personnel used to detect and size flaws in piping welds shall be qualified by
performance demonstration in accordance with Appendix VIII and no other Appendix I requirements
apply.
Appendix VIII, Supplement 9 – Qualification Requirements for Cast Austenitic Piping Welds is
“in the course of preparation”, thus, VIII-3110(c) applies. VIII-3110 (c) states that, “For piping welds
whose requirements are in the course of preparation, the requirements of Appendix III, as
supplemented by Table I-2000-1, shall be met.” (emphasis added).
Appendix III, III-2200 requires that personnel who perform recording or determine which
indications are to be recorded in accordance with III-4510 shall have successfully completed the
qualification requirements of IWA-2300, for the procedure to be used for the examination. The
qualification shall include demonstrated proficiency in discriminating between flaw indications and
indications of geometric or metallurgical origin.

Materials Reliability Program (MRP-139) Requirements
MRP-139 was issued to address the concerns of Primary Water Stress Corrosion Cracking (PWSCC)
in butt welds that contain Alloy 82/182 materials. This document requires the owner to perform
examinations of Alloy 82/182 butt welds in accordance with a schedule more stringent that ASME
Section XI requirements. For non-resistant, non-mitigated welds exposed to hot leg/pressurizer
temperatures, a volumetric examination is required once every five years vs. once every ten years. For
non-resistant, non-mitigated welds exposed to cold leg temperatures, a volumetric examination is
required once every six years vs. once every ten years.
In addition to the requirements for planning/scheduling examinations, MRP-139 requires the
owner to perform specific additional measures for any welds which it determines receives < 90%
examination coverage or configurations which are not currently addressed in Appendix VIII. If the
calculated (axial or circumferential) coverage is less than 90% and cannot be improved by physically
changing the weld surfaces or access, specific additional measures are required. These measures could
include replacement, stress improvement, or primary water chemistry additions, as described in MRP139. Also, additional monitoring of the weld location for leakage will be performed until the weld has
been successfully mitigated. Additional monitoring may include visual examination at every refueling
outage (RFO) or local leak detection.
Where other NDE methods (e.g., RT, eddy current, non-qualified UT) are used, either as an
alternative or complementary to qualified UT, the owner is required to develop and document a
technical basis that demonstrates the NDE method(s) used are capable of reliably detecting PWSCC.
Also, for any area that remains unexamined, the owner is required to perform a degradation
assessment in accordance with Appendix C of MRP-139 and include justification for interim
measures.

Point Beach Nuclear Plant (PBNP) Specific Information
PBNP Unit 1 has four (4) dissimilar metal welds on the Reactor Coolant piping system (RCS), two (2)
on each loop: Elbow to Steam Generator Inlet Nozzle and Steam Generator Outlet Nozzle to Elbow.
These welds are static cast stainless steel (SCSS) to carbon steel, with a stainless steel buttering, thus
they do not fall into the purview of MRP-139. However, two of these welds are scheduled to be
examined during the 4th Interval and coverage would be very limited if examined from the OD.
PBNP Unit 2 has four (4) Alloy 82/182 welds which have an Alloy 52/152 inlay, and therefore
fall into MRP-139 Category “A”. Category A welds are considered to have a low probability of
experiencing PWSCC because they are made of PWSCC-resistant materials or have been inlayed, or
clad, with PWSCC-resistant materials assuring that no susceptible material comprises the wetted
surface. For PBNP Unit 2, these welds are located on the Safe-End to Inlet Nozzle and Outlet Nozzle
to Safe-End locations for each Steam Generator. The configuration of this weld is similar to PDI
Sample series 712/X. Currently, there are no qualified procedures, techniques, or personnel available
to perform UT on this type of a weld configuration from the ID. However, these welds are also very
similar to the RPV nozzle to safe-end configurations; thus the idea of performing the ID UT with RPV
butt-weld techniques was born.

Other Utility Experience With DM Weld Examination from the ID
At this time, it is know that two other U.S. utilities have performed RT in lieu of UT on RCS piping:
Constellation Energy (formerly Rochester Gas & Electric) at the Ginna Station, and Duke Power at the
Catawba Station. Their experiences are detailed below:

Ginna Station
Personnel at Ginna Station performed RT on their Steam Generator Inlet and Outlet nozzles, which
contained 2 welds approximately three to four inches apart. Prior to the implementation of these
techniques, Ginna personnel performed a procedure demonstration on a mockup with implanted
fatigue flaws. These flaws were implanted in the circumferential, axial, and off-axial directions, and
ranged in depth from 8% through-wall extent (TWE) to 24.5% TWE. All flaws were successfully
located, and all Code-required densities were met.
After this demonstration, Ginna personnel performed RT on both nozzles, for a total of 4 welds.
All shots were successful, and the Authorized Nuclear Inservice Inspector (ANII) and NRC Region I
Inspector were satisfied with the results.

Catawba Station
After consultation with Ginna personnel and demonstration using the Ginna as well as Duke Powerowned mockups, personnel at Duke performed RT on eight (8) Steam Generator Inlet and Outlet
nozzles at the Catawba Station (4-loop Westinghouse Unit). These nozzles were essentially identical
to the PBNP Unit 1 nozzles (i.e., CSS to CS with SS buttering). They successfully performed the RT
and all film was accepted by the ANII and NRC.
It should be noted that these examinations using RT were performed prior to the implementation
period for MRP-139, and thus did not have to meet the stringent requirements for demonstration, etc.
delineated in that document.

INITIAL CONCEPT
For certain nuclear steam supply system (NSSS) vendors, the S/G Inlet/Outlet nozzles are connected
to cast austenitic stainless steel (CASS) piping (elbows) with Alloy 82/182 weld materials. Due to the
large grain structure of CASS materials, performing ultrasonic examinations (UT) from the outside
surface (OD) provides limited confidence in the probability of detection (POD) of flaws propagating
from the inside surface (ID). Because of this limitation, personnel from IHI Southwest Technologies
(ISwT), Southwest Research Institute (SwRI), and the Point Beach Nuclear Plant (PBNP) came up
with the idea of performing a UT examination from the ID.
During discussions regarding examinations of RPV nozzle-to-RCS piping welds the idea of
applying similar techniques took hold. Personnel knew the background from other utilities who had
noted above were aware that several utilities had performed radiography (RT) of S/G nozzle-to-RCS
piping welds in previous years, but that this had been performed prior to MRP-139. If RT were to be
attempted, MRP-139 clearly required a demonstration that the technique be able to detect PWSCC.
This task seemed to be rather daunting. In addition, the perturbations on plant systems and personnel
required by RT (e.g. draining water below the lowest point on the weld to achieve proper Code
sensitivity, closing off a loop for all other work during RT, maneuvering a large Cobalt 60 (Co-60)
source near enough to the S/G platform, etc.) appeared to make the use of RT prohibitive.
The idea of using currently qualified UT techniques/personnel had several positive aspects to it:
1. The use of UT is essentially mandated by MRP-139.
2. The use of phased-array techniques provides a high quality examination with a relatively low
impact on the plant.
3. Personnel and procedures qualified for RPV DMW examinations could be used with minimal
additional cost to a vendor or utility.
4. Coverage of the weld is essentially guaranteed due to the essentially smooth scanning surface
and the fact that the examination is being performed from the ID.
5. The tooling concept was based on tooling which had been successfully deployed at two other
nuclear utilities for RT.
The idea also has several negative aspects from a utility perspective:
1. The cost of performing UT from the ID is much higher than performing a manual UT from the
outside surface (OD).
2. The steam generator manway has to be opened and water levels have to be maintained below the
nozzle during the examination.
3. This type of examination had never been performed anywhere else before.
Based on the configuration of the PBNP Unit 2 S/G nozzle to piping welds and the current
requirements of MRP-139, PBNP personnel knew that there was nothing forcing them to look at
performing this type of examination. However, it was their belief that due to the uncertainty of the
long-term viability of Alloy 52/152 inlay to resist PWSCC that lead them to advocate a proactive
approach of performing these examinations from the ID.
It was noted by PBNP personnel that during the 3rd 10-year interval examinations of the
applicable S/G inlet/outlet nozzle welds, limitations were reported that gave coverage of anywhere
from 59% to 2% (based on 1986 Section XI requirements). It was likely that, with the advent of
Appendix VIII requirements, the coverage would decrease. However, if ID UT techniques could be
applied, essentially 100% coverage would likely be obtained on both the S/G nozzle to safe-end welds
and the safe-end to piping welds on Unit 2.
The tooling concept was relatively simple, and was borrowed in part from an RT source holder
that personnel from the R.E. Ginna Station fabricated several years prior to this paper. The basic tool
design is shown in Figure 1. It would be remotely transformable between its collapsed configuration
(Figure 1, upper left) used to insert in through the SG manway, and its expanded configuration, used
for inspections (Figure 1, lower right). It would be installed by lowering it onto the SG dam ring (the
support for the dam used to allow work in the SG bowl while the RPV remains flooded).
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Figure 1 - Tool shown in its collapsed configuration (upper left) ready for insertion through the
manway, and its expanded configuration (lower right), ready for inspections.

Figures 2 – 8 describe the installation process. First, a pneumatic pulley pin (“sky hook”) would
be inserted into the SG bowl and attached to a particular tube on the tube sheet, chosen for its correct
location over the dam ring (Figure 2).
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Figure 2 - A pulley pin has been inserted and attached to a tube end. The collapsed device is ready to
be inserted.

The tool would be raised through the manway and then lowered into position via a cable
connected to the pulley on the sky hook (Figures 3 and 4). Before being lowered onto the dam ring,
the tool would be transformed to its expanded configuration (legs extended), as shown in Figures 5
and 6.

Figure 3 - Tool inserted through manway along cable connected to pulley.

Figure 4 - Tool being lowered to dam ring.

Figure 5 - Tool changed to expanded configuration before being lowered onto dam ring.

Figure 6 - Tool being lowered into position in its expanded configuration.

After being lowered onto the dam ring, the tool is pneumatically clamped to it in its final
location for inspection, as shown in Figure 7. Then the UT sensor is extended from its protective
housing and the scanning arm is extended to begin inspection, using circumferential and axial motions
(Figure 8).

Figure 7 - Tool is pneumatically clamped to the dam ring.

Figure 8 - UT probe extends from its protective housing to begin inspection.

CONCLUSIONS
A conceptual design for a tool to allow inspection of SG nozzle to piping welds has been developed.
The tool provides inspection from the internal surface, uses a relatively simple installation approach
that minimizes radiation exposure that has been previously demonstrated in this geometry, and allows
use of an inspection procedure that has already been qualified for the RPV nozzle to piping welds.

