
THANKS TO PROBABILISTIC 
analysis – and an intense cooperative 
effort between the nuclear industry, 
the Electric Power Research Institute 
(EPRI), and the Nuclear Regulatory 
Commission (NRC) – nine nuclear 
power plants with the potential for 
cracks in pressurizer nozzle welds did 
not have to do accelerated or mid-
cycle outages. Rather, the plants were 
able to address the issue during sched-
uled refueling outages.

 Through a study demonstrating 
that leak detection would be a viable 
method for monitoring the welds for 
cracks until rigorous nondestructive 
inspection data could be obtained dur-
ing planned spring 2008 outages, the 
effort has helped improve analysis of 
stress corrosion cracking.  

In the study, more than 100 proba-
bilistic evaluations of these welds pro-
vided the technical basis to conclude 
that leak detection could identify 
cracking prior to rupture.

Targeting Welds
Primary water stress corrosion crack-
ing related to alloy 600 and alloy 
82/182 welds in pressurized water 
reactor primary systems has been a 
recurring problem since the 1980s. 
The earliest instances affected steam 
generator tubing, pressurizer heater 
sleeves, and instrument nozzles.

In 2000, the V.C. Summer Nuclear 
Station discovered a leaking through-
wall crack and nuclear power plants 
in Sweden and Japan found shallow 
cracks, all related to butt welds in 

primary system pressure boundaries. 
At the same time, plants began fi nding 
leaks at reactor vessel head penetra-
tions made of the same materials.

These events drove an industry 
effort to develop the tools, techniques, 
and programs to detect and prevent 
primary water stress corrosion crack-
ing in all reactor coolant system loca-
tions where these materials were used.

In 2005, EPRI’s Materials Reliability 
Program issued MRP-139 – Primary 
System Piping Butt Weld Inspection 
and Evaluation Guideline. Meeting 
this guideline is required under the 
Nuclear Energy Institute’s Manage-
ment of Materials Issues initiative.

“The guideline targeted fi rst the 
welds that were most susceptible to 
stress corrosion cracking and that 
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Pressurizer nozzles prior to weld overlays

Mobilizing Immediately
• Pulling the right people together

• Focusing on mutual technical discourse

• Improving understanding

• Setting a new standard

were hardest to inspect,” says Chris-
tine King, program manager of EPRI’s 
Materials Reliability Program. “Pres-
surizer nozzle welds represented the 
biggest challenge.”

Adding Weld Overlays
“Effective ultrasonic testing requires a 
smooth surface,” explains Greg Selby, 
technical director of EPRI’s Nonde-
structive Evaluation Program. “To 
inspect the weld properly, often it is 
necessary to fi rst machine the surface 
fl at or add a weld overlay to smooth 
out the surface.”

The weld overlay has three effects: 
the smoother surface enables it to be 
inspected; the cooling and shrink-
ing of the weld changes the stresses 
that cause cracking; and the new, 

less susceptible 
material supple-
ments the original 
pressure boundary 
material that may 
have been com-
promised by the 
cracking. 

Most utilities 
chose to install 
weld overlays to 
facilitate inspection 
of the pressurizer 
nozzle welds. 

Raising New 
Concerns
When the Wolf 
Creek Generating 
Station performed 
its inspection in 
2006, it found indi-

cations of possible serious circumfer-
ential cracking. That was unexpected 
because most stress corrosion cracks 
are oriented parallel to the pipe axis. 

“For an axial fl aw to cause failure, 
it needs to be longer than the width 
of the weld, 10 to 11 inches long,” 
explains King. “Leak detection can 
fi nd these cracks long before possible 
rupture. Circumferential cracks like 
those indicated at Wolf Creek pre-
sented additional challenges.” 

Concerned about the issues raised 
by the fi ndings at Wolf Creek, the 
NRC directed those nuclear power 
plants that had not yet completed 
pressurizer nozzle inspections to 
inspect the susceptible welds by 
December 31, 2007.

However, because nine of the 

affected plants did not have refueling
outages scheduled until spring 2008, 
meeting the NRC deadline would mean 
taking a 20- to 30-day outage months 
early – with complex fuel cycle and 
outage planning ramifi cations.

Nevertheless, the plants agreed to 
accelerate their outage schedules if 
analysis indicated that it was not safe 
to run until their scheduled 2008 out-
age dates.

“Both the industry and the regu-
lator had concerns,” says Dennis 
Weakland, senior consultant in the 
corporate materials program at First 
Energy Nuclear Operating Company 
and chairman of the EPRI Materi-
als Reliability Program, the industry 
group dealing with the weld issue. 
“We needed to understand quickly 
what was going on.”

Sharpening Analysis Skills
The EPRI Materials Reliability 
Program set out to refine crack 
growth analyses to better determine 
potential risk. 

“EPRI’s probabilistic evaluations of 
119 cases covered the range of joint 
designs, predicted loads, and fabrica-
tion conditions necessary to represent 
the actual welds in the nine plants, as 
well as key modeling uncertainties,” 
explains Craig Harrington, the pro-
gram’s senior manager. “The results 
provided the technical basis to con-
clude that leak detection could iden-
tify the existence of a crack in these 
locations prior to rupture and thereby 
allow the plants to safely continue 
operating until qualifi ed examinations 
were performed.”
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Pressurizer with weld overlays applied

Effects of Weld Overlays
• Smoother surface enables better inspection

• Cooling and shrinking changes the stresses 

that cause cracking

• New, less susceptible material supplements 

the original pressure boundary material

“Decision-making was done in 
public forums with an expert panel 
of industry personnel and their NRC 
counterparts,” explains Weakland. “By 
enabling the technical experts to have 
open and frank discussion to answer 
questions and resolve differences in 
opinion, we were able to make the 
process more effi cient.”

Bringing together key decision-
makers provided an opportunity to 
reach agreement on how to treat fac-
tors used in calculations and analyses. 

“This process produced a more 
comprehensive analysis tool that we 
can build on,” says Weakland. “There 
was mutual technical discourse, and 
it helped improve our understanding 
of how fractures occur and propagate 
through pipes.”

Addressing Concerns
As a result of these efforts, the NRC 
agreed with the conclusions of the 
team and allowed the nine plants to 
continue operating until their sched-
uled outages in spring 2008.

Additional safety concerns arose 
when an ultrasonic evaluation of noz-
zles from a retired pressurizer from the 
St. Lucie Nuclear Power Plant showed 
indications of cracking. FPL Group 
had donated the pressurizer nozzles as 
research materials to the NRC Offi ce 
of Regulatory Research. 

The NRC asked EPRI to perform 
initial nondestructive evaluation of 
these nozzles to screen them for fl aws 
or other features of potential interest 
for further evaluation.

“We started with a manual ultra-
sonic technique in which the operator 

interprets what he sees on the fl y,” 
says Selby. “Indications were detected 
that could have been serious circum-
ferentially-oriented stress corrosion 
cracking but also could have been 
structurally insignifi cant fabrication 
defects in the weld.” 

Based on that initial evaluation – 
conducted in February 2008 – NRC 
senior management was preparing to 
shut down the eight remaining plants 
that had not yet completed their pres-
surizer weld inspections. 

EPRI and the industry immedi-
ately mobilized and performed more 
advanced nondestructive evaluation 
of nozzles from the retired pressurizer. 
Results showed that there was no pri-
mary water stress corrosion cracking. 
“We normally plan projects 18 months 
to two years out,” King says. “So to 
plan and initiate this evaluation in less 
than 12 hours was a little different.”

The effort proved worthwhile.
Within a week of the more advanced

evaluation, the NRC approved 
continued operation of the eight 
plants until their scheduled spring 
2008 refueling outages.

Setting a Standard
All nuclear power plants with affected 
pressurized water reactors completed 
the pressurizer nozzle inspections and 
all necessary repairs by May 2008.

“The recognition of the magnitude 
and potential impact of this issue 
– and the synergistic efforts of the 
industry, EPRI, and the NRC – pre-
vented the unnecessary shutdown of 
nine nuclear units at a time when their 
generation was needed most,” says 
Terry McAlister, Alloy 600 program 
manager at SCANA who served as the 
utility spokesperson for the inspection 
portion of the issue. “We pulled the 
right people together, laid out a set of 
goals, and designated single points of 
contact. It sets a standard for how to 
deal with these kinds of issues.” 

Contact:
Craig Harrington
(972) 556-6519
charrington@epri.com
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