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Executive SummarT

Currently the Nuclear Regulatory Commission (NRC) is contemplating changing the acceptance
criteria for Emergency Core Cooling Systems (ECCS) for light-water nuclear power reactors
contained in NRC Regulation 10 CFR 50.46. This regulation sets specific numerical acceptance
criteria for peak cladding temperature, clad oxidation, total hydrogen generation, and core
cooling under loss-of-coolant accident (LOCA) situations. Furthermore, the regulation requires
that a spectrum of break sizes and locations be analyzed to determine the most severe case and to
ensure the plant design can meet the acceptance criteria under such conditions.

Currently the regulation states that breaks of pipes in the reactor coolant pressure boundary up to,
and including, a break equivalent in size to the double-ended rupture of the largest pipe in the
reactor coolant system must be considered. While this restricts the design, it maintains a large
safety margin ensuring the plant-is covered under all LOCA situations. However, an impetus for
change has resulted from materials research, analysis, and experience that indicate that the
catastrophic rupture of a limiting size pipe at a nuclear power plant is a very low probability
event.

If approved, the proposed change would divide the break spectrum into two categories based
upon the likelihood of a break. Breaks of higher likelihood, breaks smaller than 10 inches,
would need to meet the current requirements set forth in 10 CFR 50.46. Breaks of a lower
likelihood, those larger than 10 inches, would only need to meet the requirements of maintaining
a coolable geometry and having the capability for long term cooling.

The purpose of this project was to collect data on instances of pipe failures including cracks,
leaks, and ruptures. For each instance of failure the plant type, pipe diameter, type of pipe,
failure mechanism, and type of failure was recorded. The data was then collapsed based on plant
type (PWR or BWR), type of pipe (carbon or stainless steel), pipe size, and failure mechanism.
Then, normalized failure frequencies were calculated as a function of both pipe size and failure
mechanism per reactor year. Plots of the frequency distributions were generated on a semi-log
scale, and the frequency distributions as a function of pipe size were compared to the NRC
predicted failure frequencies.

For this project our group collected two, independent sets of data. The first set was provided by
the OECD Pipe Failure Data Exchange Project (OPDE), with a total of 2891 data points. The
second set consists of 67 data points collected by our group from various sources. The two sets
of data were not combined due to the lack of information accompanying the data presented in the
OPDE database, such as plant name or exact failure size. This made it impossible to identify
overlapping coverage and combine the information. Rather, within this report we have analyzed
each data set individually in order to make an overall comparison of the trends observed for each
data set and the NRC predictions.

The results from both the OPDE and the independent sets of data detailed in this report do not
support the NRC's assertion that larger sized pipes do not break frequently enough to be used as
design criteria. The overall trends of both sets of data show that the frequency of failures does
not decrease as sharply with increasing pipe size as the NRC predicts.
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1.0 Detailed Introduction of Problem

In order to ensure the safety of nuclear plants the cooling performance of the Emergency Core
Cooling System (ECCS) must be calculated in accordance with an acceptable evaluation model,
and must be calculated for a number of postulated loss-of-coolant accidents (LOCA) resulting
from pipe breaks of different sizes, locations, and other properties. This is done to provide
sufficient assurance that a plant can handle even the most severe postulated LOCA. LOCA's are
hypothetical accidents that would result from the loss of reactor coolant, at a rate in excess of the
capability of the reactor coolant makeup system. Currently, the evaluation criteria for these
types of accidents state that pipe breaks in the reactor coolant pressure boundary up to and
including a break equivalent in size to the double-ended rupture of the largest pipe in the reactor
coolant system must be considered. In the case of such an event the NRC has set forth the
following criteria that must be met for a design to be considered acceptable [37]:

a. Peak cladding temperature must not exceed 22000 F.

b. Maximum cladding oxidation must not exceed 0.17 times the total cladding
thickness before oxidation.

c. Maximum hydrogen generation. The calculated total amount of hydrogen
generated from the chemical reaction of the cladding with water or steam shall not
exceed 0.01 times the hypothetical amount that would be generated if all of the
metal in the cladding cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react.

d. A coolable geometry of the core must be maintained.

e. After any calculated successful initial operation of the ECCS, the calculated core
temperature shall be maintained at an acceptably low value and decay heat shall
be removed for the extended period of time required by the long-lived
radioactivity remaining in the core.

While requiring that all plants be analyzed in the case of a double-ended guillotine break of the
largest pipe restricts the design, it does maintain a large safety margin ensuring the plant is
covered in all pipe break situations. However, an impetus for change has resulted from materials
research, analysis, and experience which indicate that the catastrophic rupture of a large pipe at a
nuclear power plant is a very low probability event. The hypothesis that is currently being set
forth is that small pipes break more frequently than large pipes. The criteria would change so
that the NRC would refocus their analysis efforts because they want to make sure that the
appropriate amount of time and money are being invested in the areas of most concern.

Furthermore, risk analyses indicate that large break LOCA's are not significant contributors to
plant risk. According to a presentation given by Dr. Brian Sheron of the NRC at Penn State in
the Fall 2004, "using the double ended break of the largest pipe in the reactor coolant system as
the design basis for the plant results in ECCS equipment requirements which are inconsistent
with risk insights and places an unwarranted emphasis and resource expenditure on low risk

6



contributors. This also places constraints on operations which are unnecessary from a public
health and safety perspective." Therefore, the proposed rule change would use the pipe size with
the largest break frequency as the design basis for pipe rupture and accident analysis of the plant.
A pipe size with a 10 inch diameter is currently being suggested. [37]

The proposed change would divide the break spectrum into two categories based upon the
likelihood of a break. Breaks of higher likelihood, or those smaller than 10 inches, would need
to meet the current requirements set forth in 10 CFR 50.46. These include criteria (a) through (e)
above. On the other hand, breaks of a lower likelihood, or those larger than 10 inches up to and
including a double-ended guillotine break of the largest pipe in the reactor coolant system, would
only need to meet the requirements of maintaining a coolable geometry and having the capability
for long term cooling. Thus, criteria (a), (b), and (c) would be eliminated for these cases. [37]

The purpose of this project was to collect data on instances of pipe breaks, leaks, and cracking.
These failures included pipe failures from broken pipes either by splits, ruptures, or guillotines,
and cracks in pipes, either circumferential or length wise. For each instance found the plant type,
pipe diameter, type of pipe, failure mechanism, and type of failure was recorded. Only stainless
steel and carbon steel pipes were considered. Then, normalized failure frequency distributions
were developed and compared to NRC predictions.

The predicted NRC failure frequencies were taken from Table 3 on page 14 of 10 CFR 50.46,
LOCA Frequency Development [381. This table is replicated below.

Table 1-1. NRC Total Preliminary BWR and PWR Frequencies.
Plant Effective Curr nt Day Estimates (per cal. yr)
Type Brea Size 5% Median Mean 95%Ty e(inches) __ _ _ _ _ _ _ _ _ _ _ _ _ _

1/2 3.OE-05 2.2E-04 4.7E-04 1.7E-03
1 7/8 2.2E-06 4.3E-05 1.3E-04 5.OE-04

BWR 3 1/4 2.7E-07 5.7E-06 2.4E-05 9.41E-05
7 6.6E-08 1.4E-06 6.OE-06 2.3E-05
_ 18 1.5E-08 1.IE-07 2.2E-06 6.3E-06
41 3.5E-I1 8.5E-10 2.3E-06 8.6E-09
1/2 7.3E-04 3.7E-03 6.3E-03 2.OE-02

1 7/8 6.9E-06 9.9E-05 2.3E-04 8.5E-04
PWR 3 1/4 1.6E-07 4.9E-06 1.6E-05 6.2E-05

7 I .IE-08 6.3E-07 2.3E-06 8.8E-06
18 5.7E- I 0 7.5E-09 3.9E-08 I.SE-07
41 4.2E-11 1.4E-09 2.3E-08 7.OE-08

7



2.0 Data Collected

For this project our group collected two, independent sets of data. The first set was provided by
the OECD Pipe Failure Data Exchange Project (OPDE), with a total of 2891 data points. The
second set consists of 67 data points collected by our group from various sources listed as
references in this report. The two sets of data were not combined due to the lack of information
accompanying the data presented in the OPDE database, such as plant name and exact failure
size, which made identifying overlapping coverage impossible. Rather, within this report each
data set was individually analyzed in order to make an overall comparison of the trends observed
for each data set and the NRC predictions.

OECD Pipe Failure Data Exchange Project [3]

OECD Pipe Failure Data Exchange Project (OPDE) was established in 2002 as an
international forum for the exchange of pipe failure information. It is a 3-year project
with participants from twelve countries, including Belgium, Canada, Czech Republic,
Finland, France, Germany, Japan, Republic of Korea, Spain, Sweden, Switzerland and
the United States. "The objective of OPDE is to establish a well structured,
comprehensive database on pipe failure events and to make the database available to
project member organizations that provide data." [3] The OPDE database evolved from
what existed in the "SLAP database" at the end of 1998 [2].

OPDE covers piping in primary-side and secondary-side process systems, standby safety
systems, auxiliary systems, containment systems, support systems and fire protection
systems. Furthermore, ASME Code Class I through 3 and non-Code piping has been
considered. At the end of 2003, the OPDE database included approximately 4,400
records on pipe failure. The database also includes an additional 450 records on water
hammer events where the structural integrity of piping was challenged but did not fail.

Access to the actual OPDE database is restricted to organizations providing input data.
However, a "OPDE-Light" version of the database will be made available later this year
to non-member organizations contracted by a project member to perform work or which
pipe failure data is needed. This version will not include proprietary data, such as the
exact pipe diameter, where failure occurred, and preclude any plant identities or dates.
Our group was fortunate enough to get a copy of this "light" version of the database for
BWR and PWR pipe failures reported as of February 24, 2005. A total of 2891 failures
(1536 for PWR plants and 1355 for BWR plants) were provided in this database, and
considered for this project.

The database listed the plant type, reactor system, apparent cause of failure, pipe size
group, number of total failures for each cause and pipe size group, and then a break down
of the type of failure within the category. An excerpt from the OPDE-Light database has
been provided for clarification in Table 2-1 on the following page. The database, in its
entirety, has been included in Appendix A of this report.
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However, there are a few problems with this database related to the purpose of this
project. First, since the database did not provide the type of pipe (carbon or stainless) for
each failure, a reasonable prediction of what type of pipe was involved in the failure
based on the plant system, which was given, was made. The type of pipe assumed for
each system is also given in the following page in Table 2-2.

Additionally, as previously mentioned, no explicit pipe diameters were given for each
failure due to the proprietary nature of this information. Rather, the failures were
collected into group sizes before it was sent out. A total of six group sizes were utilized
by OPDE. The range of pipe diameters that comprise each group is given in Table 2-3.
The main problem with these groupings, and the database in general, is that pipes larger
than 10 inches in diameter are all grouped together and there is no way of determining
how much larger than 10 inches they actually were. Finally, for the purpose of this
analysis any crack, leak, or issue (i.e. wall thinning) with the pipe was considered to be a
failure. However, the OPDE database lists the information by type of failure. The
definitions of each failure type have been included in Table 2-4.

Independently Collected Data [5-36]

For the purpose of this project our group collected separate information on instances of
piping failures and their causes. The information was collected primarily from Nuclear
Regulatory Commission (NRC) bulletins, information notices, event reports, and generic
letters. Our group was able to compile a total of 67 instances of piping failures. This
database is provided in Appendix B. While our database is much smaller than the one
compiled by the OECD Pipe Failure Exchange Project, it provides an independent check
of the trends observed by that database.

A list of references is provided at the end of this report, and some of the actual
references, printed from the NRC website, have been included in Appendix D.
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Table 2-1. Excerpt from "OPDE- ight" Database _
PLANT PIPE SYSTEM APPARENT CAUSE PIPE SIZE TOTAL NO. Crack- Crack- Deformation Large Leak P/Le Rupture Severance Small WallTYPE TYPE GROUP GROUP OF RECORDS Full Part Leak ca Leak RLtr Svrn e Lak thinning
BWR SS RAS Severe overloading 2 3 1 2
BWR SS RCP13 external damage 3 1 3
BWR SS RCPB Severe Overloading 4 1 1
BWR SS SIR Severe overloading 6 I _

BWR CS STEAM Water Hammer 6 I I
BWR SS RCPB IIF:Welding Error 3 7 1 I I 4
BWR SS RAS TGSCC - Transgranular SCC 2 7 I 1 1 4
BWR SS SIR IGSCC - Intergranular SCC 4 4 1 2 1
BWR SS RAS IGSCC - Intergranular SCC 4 56 I 32 9 I 13
BWR SS SIR I_ 0 1 1
BWR SS RCPB TGSCC - Transgranular SCC I I I
BWR SS SIR IGSCC - Intergranular SCC 2 3 1 1 1
BWR SS RCPB Overpressurization 4 2 1 =
BWR CS AUXC Vibration-Fatigue 5 I 1

Table 2-2. Description of Plant Systems and Type of NW 2.
Plant Group Representative Plant System Names Type of Piping

AUXC Service Water Systems, Raw Water Cooling Systems Carbon
CS Containment Spray System Stainless

EHC Electro-Hydraulic Control System Carbon
EPS Emergency Diesel Generator System Stainless
FPS Fire Protection System Carbon

FWC Feedwater & Condensate Systems Stainless
IA-SA Instrument Air & Service Air Systems Carbon

PCS Power Conversion Systems (incl. Steam Extraction CarbonLines, Heater Drain Lines, etc.)
RAS Reactor Auxiliary Systems (incl., CVCS, RWCU, Stainless

CCWS, CRD)
RCPB Reactor Coolant Pressure Boundary Stainless

SG Steam Generator Systems (e.g., S/G Blowdown System) Carbon
SIR Safety Injection & Recirculation Systems Stainless

STEAM Main Steam (from nuclear boiler/steam generator up to Carbonturbine steam admission)
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Table 2-3. Definition of OPDE Pipe Size Grou ps.
Size Corresponding Corresponding

Pipe Pipe Diameters Pipe Diameters
Group (mm) (inches)

1 DN < 15 DN < 0.6
2 15<DN<25 0.6<DN< 1.0
3 25<DN<50 .0 <DN<2.0
4 50<DN< 100 2.0<DN<4.0
5 l00<DN<250 4.0<DN<lO.0
6 DN>250 DN> 10.0

Table 2-4. OPDE Pipe Failure Definitions.
Type Description
Crack - Part Part through-wall crack (: 10% of wall thickness)

Crack - Full Through-wall but no active leakage; leakage may be detected given a plant mode
Crack_-_Full change involving cooldown and depressurization.

Wall Thinning Internal pipe wall thinning due to flow accelerated corrosion - FAC
Small Leak Leak rate within Technical Specification limits

Pinhole Leak Differs from "small leak" only in terms of the geometry of the throughwall defect
and the underlying degradation or damage mechanism

Large Leak Leak rate in excess of Technical Specification limits but within the makeup
capability of safety injection systems

Severance Full circumferential crack - caused by external impact/force, including high-cycle
mechanical fatigue - limited to small-diameter piping, typically

Large flow rate and major, sudden loss of structural integrity. Invariably caused
Rupture by influences of a degradation mechanism (e.g., FAC) in combination with a

severe overload condition (e.g., water hammer)



3.0 Collapsing and Analyzing the Collected Data

The next important step in this analysis was collapsing the collected information into a usable
form by specifying pipe size groups and failure mechanisms. The data was broken into separate
bins based on plant type (PWR or BWR), pipe type (carbon or stainless), failure mechanism, and
pipe size. Table 3-1 below lists the pipe diameters included in each bin for this analysis.

Table 3-1. Definition of Pipe Size Groups.
OPDE Pipe Corresponding Pipe
Size Groups Diameters (inches)

1+2 0.0-1.0
3 1.0-2.0
4 2.0-4.0
5 4.0-10.0
6 >10.0

Note: This grouping of piping diameters includes one less bin than used by the OPDE database.
Combination of the data from groups 1 and 2 of the OPDE database allowed the bin sizes to
correspond more readily with those used by the NRC for listing predicted failure frequencies,
taken from page 14 of 10 CFR 50.46, LOCA Frequency Development. The categories used for
the NRC predicted failure frequencies are given in Table 3-2. [38]

Table 3-2. Definition of NRC LOCA Groups.
LOCA Effective Break

Category Size (inches)

_ _ _ 1/2
2 1 7/8
3 3 1/4
4 7
5 18
6 41

It can be seen that for LOCA categories I though 5 the effective break sizes fall within the
ranges listed for the pipe size groups, after pipe size groups 1 and 2 from the OPDE database
were combined. LOCA category 6 was not considered in this analysis since the OPDE database
did not provide specific information for pipes larger than 10 inches. The effect of this on the
results will be discussed later in this report.

After collapsing the data based on pipe size, the data was then collapsed further by combining
some of the failure mechanisms. The following is a list of the failure mechanisms that are used
to group the data. Several items have been placed into general categories for simplification
purposes.
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1. Corrosion
2. Flow Accelerated Corrosion (FAC)
3. Microbiological Induced Corrosion (MIC)
4. Erosion
5. Fatigue

a. Thermal Fatigue
b. Vibration Fatigue

6. Human Factors (already combined in the OPDE database)
a. Welding Error
b. Fabrication Error
c. Human Error

7. Mechanical Failures
a. Excessive Vibration
b. Overpressurization
c. Overstressed
d. Severe Overloading

8. Stress Corrosion Cracking
9. Water Hammer
10. Miscellaneous

a. Brittle Fracture
b. Cavitation
c. External Damage
d. Fretting
e. Freezing
f. Hot Cracking
g. Hydrogen Embrittlement
h. Unreported

After collapsing the data, it needed to be normalized so that failure frequency distributions could
be calculated. Failure frequencies were calculated in for carbon steel pipes, stainless steel pipes,
and a composite (both carbon and stainless) pipes as a function of both pipe group size and
failure mechanism, separately for PWR and BWR plants.

The number of failures in each bin was normalized by dividing by the total number of failures.
This gives the fraction of failures for each bin size. For example, when looking at carbon steel
pipes in BWRs the number of failures in each pipe group size, regardless of failure mechanism,
was divided by the total number of pipe failures (carbon + stainless) in BWRs. Similarly, the
number of pipe failures in each failure mechanism bin, regardless of pipe size, was divided by
the total number of pipe failures in BWRs.

Then, after normalizing the data, the fractional size in each bin was divided by 3390 calendar
years of operation. This gives a failure frequency in 1/calander-years for each bin size. The
number 3390 represents the number of reactor years experience in the US (2745 years) as of the
end of 2003; divided by an assumed availability factor of 0.81 to get calendar years.
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The normalization by pipe size (regardless of failure mechanism) and failure mechanism
(regardless of pipe size) was repeated for BWR stainless steel failures, BWR composite failures,
PWR carbon failures, PWR stainless steel failures, PWR composite failures, total carbon steel
failures, total stainless steel failures, and total composite failures for a total of nine situations
analyzed and a total of eighteen frequency distributions developed (nine as a function of pipe
size and nine as a function of failure mechanism).

Finally, the frequency distributions developed were based both on pipe size and failure
mechanisms for the different types of pipes had to be plotted against the NRC's predicted
frequencies. Semi-log plots of failure frequency as a function of pipe group size were used.

OPDE Database

In order to use this database it had to be collapsed into a more useful form. First, after
determining the type of pipe associated with each system, the plant system was no longer
taken into consideration. Next, for the purpose of this project any type of failure (i.e.
crack, rupture, wall thinning) was considered to be a pipe failure. Furthermore, as shown
above several causes of failure were combined together into one failure mechanism
category. The collapsed form of this database is provided in Appendix C.

Independent Database

There were 67 incidents recorded, which in the end did not provide enough data points in
each bin to come up with a good normalized frequency distribution. When the data was
sorted on plant type, then pipe material and finally on pipe size, various bins of pipe sizes
had zero incidents. Appendix B is a listing of all of the incidents which were found. This
listing is sorted on plant type, pipe material, and finally on pipe size. The highlighted
incidents throughout the appendix represent incidents for which not enough information
was given in the source to include this data in our analysis.

Failure mechanism plots were not made due to the lack of variety in failure mechanisms.
The majority of the failure mechanisms were erosion/corrosion and stress corrosion
cracking.
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4.0 Results and Comparisons

4.1 Pipe Failures as ajunction of Pipe Size from OPDE Data

This section of the report examines the results of pipe failures as a function of pipe size.
Normalized failure frequencies for carbon steel, stainless steel, and composite (carbon and
stainless) pipes are presented individually for PWRs and BNVRs. The NRC has developed their
own failure frequencies for PWR and BWR plants as function of pipe size, but does not have
separate frequencies for carbon and stainless steel pipes.

Table 4.1-1 lists the normalized failure frequencies for both PWR and BWR plants, regardless of
pipe type, calculated from the OPDE database data and the NRC mean predictions [38].

Table 4.1-1. OPDE Calculated, and NRC Predicted, Normalized
Failure Frequencies (1/cal-yrs).

Plant Pipe Size Groups OPDE Results NRC Predictions
e(inches) _ _ _ _ _ _ _ _

0.0-1.0 1.3E-04 6.3E-03
1.0-2.0 4.4E-05 2.3E-04

PWR 2.0-4.0 2.9E-05 1.6E-05
4.0-10.0 4.6E-05 2.3E-06
> 10.0 4.2E-05 3.9E-08

0.0-1.0 8.2E-05 4.7E-04
1.0-2.0 2.3E-05 1.3E-04

BWR 2.0-4.0 5.6E-05 2.4E-05
4.0-10.0 6.2E-05 6.OE-06
> 10.0 7.2E-05 2.2E-06

Figure 4.1-1 displays this information graphically on a semi-log plot with normalized failure
frequencies on the y-axis and the pipe size groups on the x-axis. The figure shows that the
results of the OPDE database underestimate the failure frequency for the smaller pipe size groups
and overestimate the failure frequency for the larger pipe size groups compared to the NRC
predictions for both PWRs and BWRs. However, there is less disparity in the two BWR
predictions than the two PWR predictions.

The NRC predicts that PWR plants are much more likely to have pipe failures in smaller pipes
than larger pipes. This trend remains the same in NRC prediction for BWR plants, but is not
nearly as drastic. The OPDE results for both PWR and BWR plants show a much more
consistent failure frequency both over the range of pipe sizes and between PWR and BWR
plants.
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Figure 4.1-1. Normalized pipe failure frequencies as a function of pipe group size for both
carbon and stainless steel pipe failures in both BEER and PWR plants.

There were three issues in the data analysis that were initially thought to factor into the
difference in results between the analyzed OPDE database and the NRC predictions. The first
assumption was that all types of cracks, leaks, ruptures, or other issues were considered to be a
complete failure in the pipe. In actuality this is not true since inspections or other indicators may
catch a crack or leak before a complete failure occurs. As a result, a separate analysis
considering only the pipe ruptures listed in the OPDE database was conducted. However, the
calculated frequency distribution considering only ruptures did not change significantly, in either
trend or magnitude, from the results obtained when considering all issues to be a failure. The
results of this rupture only analysis are shown below in Figure 4.1-2.

16



1.OE-02

1.OE-03 _, OPDE BWR Ruptur

S 1.OE-05- - .
z .,.

1.OE-08

U4
C4

Z 4

1.OE-05

1.OE-06

0.0-1.0 1.0-2.0 2.0-4.0 4.0-10.0 > 10.0

Pipe Size (inches)

Figure 4.1-2 Normalized rupture frequencies as a function of pipe group size for both
carbon and stainless steel pipe failures in both BWR and PWR plants.

The data for this plot is shown in Table 4.1-2.

Table 4.1-2. Normalized Rupture Frequencies.
Norrnalized

Plant Pipe Size Instances Failure
Type (inches) of Rupture Frequency

(1/cal-yrs)
0.0-1.0 37 9.8E-05
1.0-2.0 14 3.7E-05
2.04.0 10 2.7E-05

PWR 4.0-10.0 29 7.7E-05
> 10.0 21 5.6E-05
Total 111 --

0.0-1.0 31 8.2E-05
1.0-2.0 5 1.3E-05
2.0-4.0 6 1.6E-05

BWR 4.0-10.0 11 2.9E-05
> 10.0 7 1.9E-05
Total 60
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The second assumption of concern is the nature of the information contained in the OPDE
database. Since the "light" version of the database did not specify the exact pipe size due to the
proprietary nature of this information, all pipe failures greater than 10 inches were included in
one bin for this analysis. However, for the NRC predictions there are two categories for pipes
greater than 10 inches, LOCA categories 5 and 6. As a result, the OPDE calculated failure
frequencies for the largest pipe group size would be expected to be larger in magnitude than the
NRC's predictions since it covers a wider range of pipe sizes, and thereby a greater fraction of
the total when normalized.

The final concern is the OPDE database excludes instances of steam generator tube rupture
(SGTR) from consideration. By doing this the total number of failures in the smaller pipe size
groups is reduced, and the calculated frequencies are lower for the smaller pipe size groups than
if SGTR had been considered.

The next two plots, Figure 4.1-3 and Figure 4.1-4, present the same data as is included in Figure
4.1-1, but these figures include the ranges for the NRC prediction. It can be seen that even when
the range of validity is taken into consideration, a large portion of the distribution still falls
outside the boundaries for both PWRs and BWRs.
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1.0-0 X NRC 95th Percenfile_1.00E.-02-
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Figure 4.1-3. Normalized Failure Frequency Distribution for PWRs.
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Figure 4.1-4. Normalized Failure Frequency Distribution for BWRs.

Table 4.1-3 and Table 4.1-4 serve as summaries of the information on pipe failure as a function
of pipe size and pipe type from the OPDE database for PWRs and BWRs respectively. All the
data contained in these tables was normalized based on the total number of failures for the given
plant type (1355 for BWR and 1536 for PWR).

Table 4.1-3. Summary of PWR P pe Failures from OPDE Database as of 2-24-05
Both Carbon Steel and Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only

Pipe Size Steel Pipes Carbon Steel __nS lstlp l
(inches) Number Normalized Failure Normalized Failure Number Normalized Failure

of Failures Frequency of Failures Frequency of Failures Frequency
(I/cal-yrs) (l/cal-yrs) (l/cal-yrs)

0.0-1.0 698 1.3E-04 154 3.0E-05 544 I.OE-04
1.0-2.0 228 4.4E-05 74 1.4E-05 154 3.OE-05
2.0-4.0 153 2.9E-05 78 1.5E-05 75 1.4E-05

4.0-10.0 238 4.6E-05 126 2.4E-05 112 2.2E-05
> 10.0 219 4.2E-05 93 1.8E-05 126 2.4E-05
Total 1536 _ 525 -- 1011
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Table 4.1-4. Summary of BWR Pipe Failures from the OPDE Database as of 2-24-05
Both Carbon Steel and Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only

Pipe Size Steel Pipes Carbon SePpsnStnsSePis l
(inches) NfFium Normalized Fad e Normalized Failure Number Normalized Failure

of Failures Frequency Failures Frequency of Failures Frequency
_______(1/cal-yrs) (I1/cal-yrs) (1 /cal-yrs)

0.0-1.0 375 8.2E-05 118 2.6E-05 257 5.6E-05
1.0-2.0 107 1.IE-05 32 7.0E-06 75 1.6E-05
2.04.0 259 2.6E-05 32 7.OE-06 227 4.9E-05

4.0-10.0 284 2.9E-05 50 1.11E-05 234 5.1E-05
> 10.0 330 3.4E-05 39 8.5E-06 291 6.3E-05
Total 1355 - 271 -1084

There are a few important things to note from these tables. The first is that there have been a
similar number of failures reported in BWRs as PWRs (1355 vs. 1536). Second, there were 4
times as many failures of stainless steel pipes as carbon steel pipes in BWRs (1084 vs. 271), and
almost two times as many stainless steel failures than carbon steel failures in PWRs (lO1 vs.
525). It was not expected to find more stainless steel failures than carbon steel failures. It
should also be noted that while the number of stainless steel pipe failures is about the same for
both BWRs and PWRs, but nearly twice as many carbon steel failures were observed in PWR
plants than BWR plants (525 vs. 271).

Figure 4.1-5 and Figure 4.1-6 shows a more detailed representation of failure frequencies as a
function of pipe size for PWR plants only, and BWR plants only, respectively. These figures
present the separate failure frequency distributions for carbon steel and stainless steel pipes,
where the data is normalized based on the total number of failures for each plant type. Figure
4.1-5 shows that failures of stainless steel pipes are more frequent than carbon steel pipes only
for smaller pipe sizes in PWRs. Figure 4.1-6 shows that stainless steel pipe failures are much
more frequent than carbon steel pipe failures at all pipe sizes in BWRs.

As previously mentioned, the data for these two figures (4.1-5 and 4.1-6) was normalized using
the methodology explained in the Data Analysis Section, using the total number of failures
(carbon + stainless) for each plant type. Conducting the analysis in this manner allows for
relative comparisons of failure frequencies to be made between the two types of pipes, however,
it does not allow for the failure frequencies to be compared to the NRC predictions. As a result,
a second analysis was done where the data was normalized based on the number of failures for a
given pipe type in each plant type. In other words, the BWR carbon steel failures would be
normalized by the total number of carbon failures in BWRs. The results of this modified
analysis are given in Figure 4.1-7 and 4.1-8 for PWRs and BWRs, respectively. The summary
tables, with the recalculated frequencies, have also been included as Table 4.1-5 and Table 4.1-6.

It can be seen from these two figures that conducting the analysis in this modified manner
collapses the data, meaning that the failure frequencies, based strictly on pipe size, are very
similar for carbon and stainless steel pipes in both types of plants. However, the fact remains
that stainless pipes are still more likely to fail than carbon pipes in both plant types, based in the
relative number of failures for each. More importantly, however, conducting this modified
analysis did not show any substantial improvement in matching the data to the NRC predictions.
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Figure 4.1-6. Normalized pipe failure frequencies as a function of pipe size for BWRs.
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Table 4.1-5. Summary of PVWR Pipe Failures from OPDE Database as of 2-24-05, using the
Modified Analysis Method.

Both Carbon Steel and Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only
. . Steel Pipes Carbon SlpOS e tl e n

Pipe Size Normalized Failure Normalized Failure Normalized Failure
(inches) Number Number Number

of Failures Frequency of Failures Frequency of Failures Frequency
(I /cal-yrs) (1/cal-yrs) of_________ (I /cal-yrs)

0.0-1.0 698 1.3E-04 154 8.7E-05 544 1.6E-04
1.0-2.0 228 4.4E-05 74 4.2E-05 154 4.5E-05
2.0-4.0 153 2.9E-05 78 4.4E-05 75 2.2E-05
4.0-10.0 238 4.6E-05 126 7.1E-05 112 3.3E-05
> 10.0 219 4.2E-05 93 5.2E-05 126 3.7E-05
Total 1536 525 --- 1011

Table 4.1-6. Summary of PWR Pipe Failures from OPDE Database as of 2-24-05, using the
Modified Analysis Method.

Both Carbon Steel and Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only

Pipe SizeStePis
(ipe Size Normalized Failure Normalized Failure Normalized Failure
(inches) Number Number Numbero Frequency o Frequency o Frequency

(1/cal-yrs) (1/cal-yrs) (I/cal-yrs)
0.0-1.0 698 1.3E-04 154 3.4E-05 544 7.OE-05
1.0-2.0 228 4.4E-05 74 9.3E-06 154 2.OE-05
2.0-4.0 153 2.9E-05 78 9.3E-06 75 6.2E-05
4.0-10.0 238 4.6E-05 126 1.5E-05 112 6.4E-05
> 10.0 219 4.2E-05 93 L.IE-05 126 7.9E-05
Total 1536 525 --- 1011



4.2 Pipe Failures as a function of Pipe Size from Independent Data

The independent database was used primarily to confirm the OPDE database predictions, along
with comparing this set of data to the NRC data. Due to the small number of incidents found in
this database, some of the pipe group size data groups had values of zero. When plotted on a
semi-log scale, similar to the NRC and the OPDE plots, the points do not appear on the plot for
that particular pipe size group. This occurs only once for the total normalized frequency plot for
BWR data.

Table 4.2-1 shows the comparison of the OPDE, NRC and the independent database frequencies.

Table 4.2-1. OPDE Calculated, NRC Predicted, and Independent
Database Calculated, Normalized Failure Frequencies (l/cal-yrs).

Plant Pipe Size OPDE Data NRC Independent
Type (inches) Prediction Database

0.0-1.0 1.3E-04 6.3E-03 3.6E-05
1.0-2.0 4.4E-05 2.3E-04 3.6E-05

PWR 2.0-4.0 2.9E-05 1.6E-05 9.4E-05
4.0-10.0 4.6E-05 2.3E-06 2.2E-05
> 10.0 4.2E-05 3.9E-08 L.IE-04

0.0-1.0 8.2E-05 4.7E-04 2.3E-05
1.0-2.0 2.3E-05 1.3E-04 O.OE+00

BWR 2.0-4.0 5.6E-05 2.4E-05 3.4E-05
4.0-10.0 6.2E-05 6.0E-06 2.3E-05

. > 10.0 7.2E-05 2.2E-06 2.2E-04

The Figure 4.2-1 presents the overall normalized frequencies of PWR plants in the United States,
and roughly 10 foreign plants for the independent database, the entire OPDE-light, and the NRC
mean data given in reports. As seen, the NRC mean values of frequency decrease as the pipe
size increases. Although in the two other independent sets of data obtained, the frequencies
remain relatively the same throughout the pipe size groups. Pipe sizes which were less than
roughly two inches had a lower frequency for the two independent data sets compared to the
NRC data, and the pipe sizes above the two to four inches group size show a higher frequency
compared to what the NRC's expert elicitation has predicted. This figure shows that the two
independent data sources follow similar trends compared to what the NRC's prediction. The
PWR frequency shows a vast difference at the higher pipe size groups which in turn contradicts
the thinking that larger the pipe size have a smaller break frequency.
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Figure 4.2-1. Normalized pipe failure frequency as a function of Pipe Group Size for
PWRs.

Figure 4.2-2 presents the overall BWR data for the independent data, the OPDE-light, and the
NRC data. A similar trend for each data set can be seen in BWR's as in PWR's, except that the
frequency range is much smaller for BWR's than PWR's. The independent data provided no
pipe failures in the pipe size group of one to two inches, and thus on a log-scale, no data point
appears on the figure. Once again the independent data and the OPDE-light data coincide
throughout the pipe size groups, and contradict the NRC prediction of pipe failure frequencies;
except for the range of two to four inches again they are similar. Pipes which are larger than ten
inches prove to have a higher frequency in the two independent data sets when compared to that
of the NRC data set provided by expert elicitation.
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Figure 4.2-2. Normalized pipe failure frequency as a function of Pipe Group Size for
BWRs.

Overall, the two independent data sets show contradicting trends when compared to the NRC
normalized frequencies. histead of the double-ended guillotine break being analyzed for every
plant for the largest pipe in that plant, the NRC is trying to make the maximum break size which
needs to be analyzed ten inches. The reasoning for this is due to low frequency of breaks in
pipes of larger diameter than ten inches. This data above shows that the frequency from raw data
does not agree with the current NRC predictions by expert elicitation. There is a high frequency
of occurrence in pipe sizes greater than ten inches according to the independent data found.
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4.3 Pipe Failures as afunction of Failure Mechanism

This section of the report summarizes the frequency of failure mechanisms for carbon and
stainless steel pipes. The information presented in figures 4.3-1 through 4.3-3 represents the
normalized failure frequencies for each failure mechanism. This data is also presented in tabular
form in table 4.3-1. The data was collapsed by pipe sizes and broken apart by steel type and
plant type. The data was normalized for each type of steel based on the number of reactor years
and the total amount of failures (carbon +stainless) for each plant.

Table 4.3-1. Failure Frequencies of Pipes for each Failure Mechanism.

Plant Failure Mechanism Carbon Steel Stainless Steel Total Failure
Type Failure Frequency Failure Frequency Frequency

PWR Corrosion 2.04E-05 5.38E-06 2.57E-05
PWR FAC 2.29E-05 2.32E-05 4.61 E-05
PWR MIC 8.26E-06 1.92E-07 8.45E-06
PWR Erosion 1.84E-05 2.30E-06 2.07E-05
PWR Fatigue 1.77E-05 9.62E-05 1.14E-04
PWR Human Factors 6.91E-06 2.42E-05 3.1 IE-05
PWR Mechanical Failures 4.23E-06 7.1 IE-06 1.13E-05
PWR SCC 9.60E-07 3.25E-05 3.34E-05
PWR Water Hammer O.OOE+00 3.84E-07 3.84E-07
PWR Misc 1.15E-06 2.69E-06 3.84E-06

BWR Corrosion 6.31 E-06 6.97E-06 1.33E-05
BWR FAC 1.26E-05 1.37E-05 2.63E-05
BWR MIC 1.31E-06 2.18E-07 1.52E-06
BWR Erosion 8.71E-06 1.96E-06 1.07E-05
BWR Fatigue 1.55E-05 4.90E-05 6.44E-05
BWR Human Factors 5.22E-06 1.85E-05 2.37E-05
BWR Mechanical Failures 3.92E-06 5.44E-06 9.36E-06
BWR SCC 4.14E-06 1.36E-04 1.40E-04
BWR Water Hammer 4.35E-07 2.18E-07 6.53E-07
BWR Misc 8.71E-07 4.14E-06 5.01E-06
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From these plots it was determined that PWR plants are dominated by fatigue failures and BWR
plants are dominated by stress corrosion cracking failures. However, in general the most
frequent failure mechanisms for both plants are corrosion, fatigue, mechanical factors, and stress
corrosion cracking: These four failure mechanisms were analyzed as a function of pipe size in
figures 4.3-4 through 4.4-7.

For these plots corrosion includes general corrosion, flow accelerated corrosion, and
microbiological corrosion. Stress corrosion cracking was not included with corrosion because
the pipe failure method for stress corrosion cracking is different than the other corrosion types.
Though mechanical failure frequency was not the highest, mechanical failures were chosen
because they appear to be independent of pipe type and plant type. Human factors were ignored
because they are a factor of quality assurance as opposed to the other failure mechanisms which
are primarily a factor of operation. In regards to human factors it is not known if they have
decreased with reactor operating experience because the dates of failures was not included with
the OPDE data.
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The frequencies of pipe failures by corrosion shown in Figure 4.3-4 are nearly independent of
pipe size. With the exception of the smallest of pipe sizes (< 1.0 inches) the frequency of failure
for each type of steel is relatively constant. Stainless steel has a lower frequency of failure due
to corrosion than carbon steel, which is expected because stainless steel is meant to be corrosion
resistant.

Figure 4.3-5 shows that carbon steel is less likely to fail by fatigue than stainless steel for all pipe
sizes. The figure also shows that as the pipes increase in size they fail less frequently by fatigue.
This is more than likely due to greater movement of the pipes as they decrease in size. The
amount of force required to fatigue a larger pipe is greater than that of a smaller pipe.

Figure 4.3-6 supports the information from figure 4.3-3 that shows mechanical failures being
relatively equal for all pipe sizes and types. The frequencies of the different pipes in each bin are
roughly the same and they stay relatively constant across the spectrum of pipe sizes. The
different failures that were grouped into mechanical failures as listed in the section 3.0 are
excessive vibration, overpressurization, overstressed, and severe overloading. Though the
instances of these failures are low they seem to affect all pipes relatively equally.

Stress corrosion cracking appears to be much more prevalent in stainless steel pipes as opposed
to carbon steel pipes as shown in Figure 4.3-7. The discontinuity in the carbon steel data is due
to plotting a frequency of zero on a log scale. For both stainless and carbon pipes the frequency
of failure increases for the largest pipe size (> 10 inches).
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5.0 Conclusions from Data

5.1 Pipe Failures as afunction of Pipe Size from OPDE Data

1. The main problem with the OPDE database is it does not have any resolution beyond
pipe sizes greater than 10 inches.

2. For both PWRs and BWRs the results of the OPDE database underestimate the failure
frequency for the smaller pipe size groups, and overestimate the failure frequency for
the larger pipe size groups, compared to the NRC predictions. In both cases the
OPDE data does not predict as drastic of a difference in the frequencies for small
pipes and large pipes as the NRC does.

3. The OPDE database excludes instances of steam generator tube rupture (SGTR) from
consideration. By doing this the total number of failures in the smaller pipe size
groups are reduced, and the calculated frequencies are lower at smaller pipe sizes than
if SGTR had been considered. This may be one source of difference in the OPDE
results and NRC prediction.

4. The OPDE database reports failures of stainless steel pipes are more frequent than
carbon steel pipes for smaller pipe sizes in PWRs and stainless steel pipe failures are
much more frequent than carbon steel pipe failures at all pipe sizes in BWRs.

5.2 Pipe Failures as afunction of Pipe Size from Independent Data

1. The data set collected independently by our group compares very well with the trends
observed in the OPDE data, but does not match the results predicted by the NRC.

2. The main problem with this data set is the limited amount of data points.

3. Failure mechanism plots were not made due to the lack of variety in failure
mechanisms. The majority of the failure mechanisms were erosion/corrosion and
stress corrosion cracking.

5.3 Pipe Failures as a function of Failure Mechanism

I. The failure mechanism that appears to dominate PWR plants is fatigue failure, and
BWR plants are dominated by stress corrosion cracking failures. In general both
plants are limited by corrosion, fatigue, and stress corrosion cracking.

2. For some failure mechanisms the frequency of failure increases as pipe size increases.
Stress corrosion cracking is one failure mechanism where this trend is seen. It should
be noted that this does not necessarily contradict the NRC's assertion that larger pipes
break less frequently. This conclusion only states that for some failure mechanisms
large pipes fail more frequently.
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3. Although the OPDE data does not show water hammer to be a significant failure
mechanism, it should be noted that the OPDE database listed 450 separate water
hammer events where structural pipe integrity was challenged but not failed. Had this
data points been included as probable failures, water hammer would have become one
of the leading failure mechanisms.

32



6.0 References

l) Lydell, Bengt & Mathet, Eric & Gott, Karen, PIPING SERVICE LIFE EXPERIENCE IN
COMMERCIAL NUCLEAR POWER PLANTS: PROGRESS WITH THE OECD PIPE
FAILURE DATA EXCHANGE PROJECT, ASME PVP-2004 Conference, La Jolla,
California, USA, July 26, 2004.

2) Nyman, Ralph & Hegedus, Damir & Tomic, Bojan & Lydell, Bengt, RELIABILITY OF
PIPING SYSTEM COMPONENTS - FRAMEWORK FOR ESTIMATING FAILURE
PARAMETERS FROM SERVICE DATA, SKI/RA, ENCONET Consulting GesmbH,
Sigma-Phase, Inc., December 1997.

3) OPDE Database Light, OECD Piping Failure Data Exchange (OPDE) Proiect,
OECD/NEA (2005).

4) Choi, Sun Yeong and Choi, Young Hwan, PIPING FAILURE ANALYSIS FOR THE
KOREAN NUCLEAR PIPING INCLUDING THE EFFECT OF IN-SERVICE
INSPECTION, KAERI and KINS, 2004.

5) DeYoung, Richard C., NRC - Bulletin No. 82-02: DEGRADATION OF THREADED
FASTENERS IN THE REACTOR COOLANT PRESSURE BOUNDARY OF PWR
PLANTS. June 2, 1982.

6) Information Notice No. 82-09: CRACKING IN PIPING OF MAKEUP COOLANT
LINES AT B&W PLANTS, March 31, 1982

7) Jordan, Edward L., Information Notice No. 82-22: FAILURES IN TURBINE
EXHAUST LINES, July 9, 1982

8) DeYoung, Richard C., NRC Bulletin N. 83-02: STRESS CORROSION CRACKING IN
LARGE-DIAMETER STAINLESS STEEL RECIRCULATION SYSTEM PIPING AT
BWR PLANTS, March 4, 1983

9) Jordan, Edward L., Information Notice No. 84-41: IGSCC IN BWR PLANTS,
June 1, 1984.

10) Jordan, Edward L., Information Notice No. 85-34: HEAT TRACING CONTRIBUTES
TO CORROSION FAILURE OF STAINLESS STEEL PIPING, April 30, 1985.

11) Partlow, James G., Generic Letter 89-08: EROSION/CORROSION-INDUCED PIPE
WALL THINNING, May 2,1989.

12) Marsh, Ledyard B., Information Notice 99-19: RUPTURE OF THE SHELL SIDE OF A
FEEDWATER HEATER AT THE POINT BEACH NUCLEAR PLANT, June 23, 1999.

33



13) Roe, Jack W., Information Notice 97-84: RUPTURE IN EXTRACTION STEAM
PIPING AS A RESULT OF FLOW-ACCELERATED CORROSION,
December 11,1997.

14) Jordan, Edward L., Information Notice 86-106: FEEDWATER LINE BREAK,
February 13, 1987.

15) Rossi, Charles E., Information Notice 89-53: RUPTURE OF EXTRACTION STEAM
LINE ON HIGH PRESSURE TURBINE, June 13, 1989.

16) Rossi, Charles E., Information Notice 91-18: HIGH-ENERGY PIPING FAILURES
CAUSED BY WALL THINNING, March 12, 1991.

17) Grimes, Brian K., Information Notice 95- 11: FAILURE OF CONDENSATE PIPING
BECAUSE OF EROSION/CORROSION AT A FLOW-STRAIGHTENING DEVICE,
February 24, 1995.

18) Weaver, Brian, Event Notification Report 36016: MANUAL REACTOR TRIP DUE TO
HEATER DRAIN LINE BREAK, August 12, 1999.

19) Rossi, Charles E., Information Notice 87-36: SIGNIFICANT UNEXPECTED
EROSION OF FEEDWATER LINES August 4, 1987.

20) Rossi, Charles E., Information Notice 89-07: FAILURES OF SMALL-DIAMETER
TUBING IN CONTROL AIR. FUEL OIL. AND LUBE OIL SYSTEMS WHICH
RENDER EMERGENCY DIESEL GENERATORS INOPERABLE, January 25, 1989.

21) Rossi, Charles E., Information Notice 88-08: THERMAL STESSES IN PIPING
CONNECTED TO REACTOR COOLANT SYSTEMS, April 11,1989.

22) Rossi, Charles E., Information Notice 88-01: SAFETY INJECTION PIPE FAILURE,
January27, 1988.

23) Martin, Thomas T., Information Notice 97-19: SAFETY INJECTION SYSTEM WELD
FLAW AT SEQUOYAH NUCLEAR POWER PLANT, UNIT 2, April 18, 1997.

24) Slosson, Marylee M., Information Notice 97-46: UNISOLABLE CRACK IN HIGH-
PRESSURE INJECTION PIPING, July 9, 1997.

25) Rossi, Charles E., Information Notice 91-05: INTERGRANULAR STRESS
CORROSION CRACKING IN PRESSURIZED WATER REACTOR SAFETY
INJECTION ACCUMULATOR NOZZLES, January 30, 1991.

26) Rossi, Charles E., Information Notice 92-15: FAILURE OF PRIMARY SYSTEM
COMPRESSION FITTING, February 24, 1992.

34



27) Grimes, Brian K., Information Notice 93-20: THERMAL FATIGUE CRACKING OF
FEEDWATER PIPING TO STEAM GENERATORS, March 24, 1993.

28) Knapp, Malcolm R., Information Notice 94-38: RESULTS OF A SPECIAL NRC
INSPECTION AT DRESDEN NUCLEAR POWER STATION UNIT I FOLLOWING
A RUPTURE OF SERVICE WATER INSIDE CONTAINMENT, May 27, 1994.

29)NRC Bulletin 74-1OA: FAILURES IN 4--INCH BYPASS PIPING AT DRESDEN-2,
12/17/74.

30) Davis, John G., Information Notice 75-01: THROUGH-WALL CRACKS IN CORE
SPRAY PIPING AT DRESDEN-2, January 31, 1975.

31)NRC Bulletin 76-04: CRACKS IN COLD WORKED PIPING AT BWR'S,
March 30, 1976.

32) Thompson, Dudley, Circular 76-06: STRESS CORROSION CRACKS IN STAGNANT,
LOW PRESSURE STAINLESS PIPING CONTAINING BORIC ACID SOLUTION AT
PWR's, November 22, 1976.

33)NRC Bulletin 79-03: LONGITUDINAL WELD DEFECTS IN ASME SA -312 TYPE
304 STAINLESS STEEL, March 12, 1979.

34) NRC Bulletin 79-13: CRACKING IN FEEDWATER SYSTEM PIPING, June 25, 1979.

35) Moseley, Norman C., Information Notice 79-19: PIPE CRACKS IN STAGNANT
BORATED WATER SYSTEMS AT PWR PLANTS, July 17, 1979.

36) NRC Information Notice No. 81-04: CRACKING IN MAIN STEAM LINES,
February 27, 1981.

37) Sheron, Dr. Brian, Proposed Modifications to ECCS Analysis Requirements. Presentation
at Penn State University, September 23, 2004.

38)NRC Document, 10 CFR 50.46 LOCA Frequency Document (Attachment).

35



I
PLANTTYPE| PIPETYPE I SYSTEMGROUP APPARENT CAUSE

NFLPESZ IOIPAL f.
GROUP OOFRECOROS Large LeakCrack-LA I Crack-Part I Defoimalon Leak I PA-Leak I Rtvre I Severance I Snal Leak I WaN luring

-T - 1 -t , ,- --- l
; ca-ubo _5 7 I

5 1 1 1 1 1 1 1 1 1 1 1 1 i
6 I I_ I

I I 2 I 10 I
PWR 3 10 3
PWR II
PWR CS
PWR Cs A Corrosion-

Erosion-mAstabonPWR Cs AUXC
PWR I CS I AUXC _I _ E________ _

PWR
PVVR
PVVR
PVVR
PWR
PWR
PVVR

CS AUXC
AUXC-
AUXC
AUXC

AUXC
AUXC
A~UXC
AUXC
AUXC

Erosion-crosion 2 17
Erosion-corrosion 3 -V- - -- I --- I

4

6
6
-5-
_6
_2

2

4

13 I I I 41 6
1 I --- l- 3 1 5 I 1 1 -.10

3 I 9 7
I I

PWR CS .
PWR CS
PWR I CS I AUXC I
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

Cs AUXC 2
AUXC 2 . : 1

CS AUXC
CS AUXC
CS AUXC
CS AUXC
CS AUXC

CS AUXC

HF.HmWan Error 2 I

Snan Error
6

2
4
1t
12
3

PWVR

I I I I - - - I
6

I
I 1
3 1
7 1 3

1 1 1 3 5 I
I I I

I i
1 7 11 i I

I I I I I I I I I I
I I I I I I I I I I

PWR Cs AUXC MIC - Microtiolocalv kvxced Corrosion
PVwR CS AUXC

CS IAUXC Severe oveioauing Ir

4 2

-I-

-3-
-3-

17 I

PWR
PWR I SS _
PWR I SS CS __ SCC - I
PWR I SS CS TGSCC -Tranagraular SCC 5
PWR - SS CS Unrepoired 5 1 |

PWR SS Cs Wihabon.Iatigm 2 6 1

Vibrabonmaigie
Severe verioaditg
Vibration-faligue
Vibrtibon-Ealtgue
Vibration-labgu
Vbrabon-laugu
Vebrabor-Uabg

Corrosion
Corrosion
Corrosion

6 1 1

2

PWR JSS

PWR CS

PWR .- Cs

EPS =

FPS _
FPS
FPS
FPS
FPS

PWR
PWR
PWR

Cs
3

5
6-

2
3
9
I
II

3
4
3
3
4
2
2

7

4

1

__ I_ 1_-.1 1 - 2- 2 -

i --I_ __I I II I I 3 I _

2
-

I I
I I

;b MI(- MIoirOD10908awy IndO Corrosion
FPS MC - Mimtbiologicaly kakjed CorrosionPWR | CS 6

PWR_ _ C I_ FPS I _ sver_ _ _ _ _ _ _ _ 3 1 1

PWR CS
PWR 1CS
PWR I CS

FPS
FPS
FPS

Severe ovwmosn
Severe Ovearag
Severe ovwedwg

4
5
6

t

2-r



PWR I Ss FWC CCZTOSion 3 3
PWR I Ss FWC Corrosion

Ss_ FWC

. 1 , I . I , I
I 1 I I

PWR Accelerated Corrosion 3 7 I 3 I 2
PWR E be Accelerated Corrosion 4 11 I I 2 3 2 2
PWR SS I FWC FAC - Flow Accelerated Corrosion 6 27 I 2 * I II I 1 4 1 8

PWR I Ss FWC FAC - Flow Accelerated Corrosion 6 67 I I I I
PWR SS I FWC Fabg"e 1 _ 2 1 l

PWR SS FWC Fatgue 3 I
PWRI Ss

I

I

PWR Ss FWC
PWVR I SS I FWC
PWVR I as FWC
PWR I SS FWC

FWC
FWC
FWC
FWC
FWC
FWC
FWC

HF.FaMcabon Error -_

HFPREPAIRAWAJNT
HF:REPAIR/MAINT
HF.Welng Error
HF.Wekng Error
HF.Weling error
HF.Wel3ng error
HF.Weklng Error

Severe overloading
Severe oveinoadkg
Severe overloadng

4 J I I

6 I

I

4

I I I I I

I I

4
. 3 1 1 I

4 2 I I 1

PWR I 55 Severe overoa8ng 5 2 1 I-
PWR I as FWC Severe overba&V 6 1 6
PWR
PWR

FWC
FWC
FWC
FWC

MFW
FWC
FWC

FWC

Thermal Fo

3 2
- 23 - I I 2

Vibrabon-faugue 3 6 1 -1 3
PWR I SS VlWton-Faligue 4
PWR I SS FWC Vibration-Faegue _
PWR I Ss
PWR 55
P-R

FWC
FWC
FWC
UWSA
1-4SA
lSA
WSA
tLASA
iA SA

WSA
PCS
PCS
PCS

2
4 1
5

I
1

1
2
2

41

2

I

18

--I -- I I
2 I I

V(ilalon-faligue
Vibrablabt"gtPWR I CS

PWR JS
PWR 1 cs

Corroelon I

PWR CS

2 I 5- I

6
5

28 1- 1---12
28 I _ _ I

r . I
[3 1
1 2 1

4
T
3

3 I

7- 1
PCs Fague
ror I *ev s t l

PCs
tPCs

reuWSC
HF:WeM g rror 5 i I

'VVRI CS
PVR I CS PCs Severe vOeMG 3g



PVVR Cs PCs Sever* verloading 6 _ 2 _ _ - - -- 2 _ _

P R CSPCs Thermal tat"j 3 _ i_ _ _ __ _ _ __ _ _ _ _ _ _ _

PYWR Cs PCs Vibatom.FasueL i 21 1
PVVR Cs PCs Wraon-lat~ 2 10 19
PWR Cs PCs Vtrallon.-fel 3 i I
PWR Cs PCs Vitrabor4algu 6 4 4
PWR Ss RAS BJA-SCC 2 2 1 1
PWR Ss RAS B/A-SCC 3 5 I 4

65V S RAS Brjitie-IFlackire 1 I I
PVVR Ss RAS Caviahco-(o~sion 6 1
PVVR Ss RAS Corrosion I I I
PWR Ss HAS Corrosion 2 2 1 1
PWR as HAS Corrosion 4 6 ___ 1 3 1 ___

PVVR S3 HAS Coarosion 5 2 I___ -

PVV 5HA EC5CC - External Ct*MW Ine xled SCC 2 I I
PWR 6S I HAS I ECSCC - Exlernwa ctiaude klxwje 6CC 3 I I I
PWR SS I HAS I ECSCC -Extern~Qal urde k13ed SCC = 2
PAR SS HA Erosionl-camiaecon

Is3 _____A _______ Excessive Vairabon =
3

2

2
1

2

3
6

1 I l 1 I I

RAS HF CONSTANST 1

PWR I Ss RAS HF.C 3 5
DLAID CC DC- 1-

P I W I 5 :iZA .H.t 4 3
PWR Ss I RAS HF.Fa

*1

4
3

1

1
3

-4
43I - - I I

HF.Wekfng EIrou F 3 4 I- 2 I I

R AS~ mn- ev.Jrg8o, 4 1 I 1

FPWR I SS I RAS 4 I __I _ I
PRI SS I A I MIC -MicobcixAwljcxed Corroljon 1 I I __

PWR I Ss RAS Overiess"lzation
Fm

1 2
__ I -- 2 -I- = I

RAYS Severe verloacng 3 3 3
WHR I SS RAS TGSCC - Traregrw SOC I 5

PVVR
PWR

SS I RAS TGSCC . Transgraenar SCC I

I

Urore
I kr1ad

tI I I~
PWRVT SS 1

i i ff i i
Vi4rlavorum1a l .lo I 1 I I

- 1 HAS I ibabon-Iellgue 1 2 i0 I 1 2 7

WR SSPWR SS
RAS
RAS
RAS

Vteabon-Ialigue
3 1 44 I 2

PVVR
PVVR
PWVR
PVVR_

6S

0 -- I 4 5 I I1 -- I

le kAiced SCC I I I I I I I I I I - I -- I I I I
RPr-A Feyn I I I II A -- A



PWR I Ss I RCPB I I

PvVR I SS RCPB
PWR I Ss I RCPB _

5
12
2
11

1

1

1

1 2
4

1 __ ___ __ ___ i i 2 J I j ____I__

HF:Wekhg Error II I I I 9
PWR I as I RCPB I HFAWe4M nError 3 2 _ 2
PWR Ss I RCPB HF Weling error 6 I I I I I
PWR I Ss I RCPB Hydrogen enttnement I _ I I

P6VR 9s RC.PR GC-qrcrAc. SCm 5. 1 I I
- L -- 1 - ____________________ l4-

PWR aS RCPB PWSCC 1 2 -
PAWR I as I RCP8
PWR aS I RCPE

1 3
_3 1 I

_PWRI as TGSCC. Transorauiar SCC - -- - I 7 I 1 I I 4
PWR -- SS RCPB TG7CC . Trawsgrarar SCC 2 5 1 4
PINR I Ss RCPB TGSCC .Transgaraar SCC 5 1 1 I
PVVR
PVVR
PWR
PWR

SS RCPS
RCPB
RCP8
RCPB
RCPB
RCPB
RCPB
RCPB
RCPB
RCPO
RCP8

Thermal la~gque
Thermial fabg9e
The"a faigue
Thermial togu

Thermal Fat"u - Cyckng
ThermalFabge- Cychng

Vibrabon-Fab"u
Vibaabon-Faagu
Vibrabmb-lahgu
vibabomalaim

Vbatzon.1Fabge

i

1 31 .
2 7 82
3 11
4 7 2

I 7 5 I 24 I
2 3

' H r 66_PWR - SS
PWR 1 F
PWR 1 SS

PWR
PWR
PWR

SS RCS4NSTR I Fasgue

I
IIwmal Fabgoe 2 f1

I"1t -
rA- MOW F1re1erlu LAmrFaOSrl

HF.Weldig ErrorPWR CS
PWR CS

SG 6-S I
I 1 I z

SG I PWVSCC
PWR I CS SG

1

--- 5 I 3 7 A I
3

2
I

MPWR _ SS SIR
Cawabhonl-aotion

corrosion
ECSCO * EXternal ClIlorlde Indi
FOSrCO - Etrnal ctiord. km

PWR 6s SIR
PWR I SS
PWR
PWR
PWVR
PWR

aS
SIR
SIR
SIR
SIR
SIR
SIR
SIR
SIR
SIR
SIR
SIR

2-r
6
2

Y
I

-L
2 2

J 1
1

I

HF.REPAIR/IMINT
HF.Welclng Error

7
0

2*

I

PWR - ASS SIR I NFA/Wsklm errnr�5�.Ajg 1 -- 55 -- L __________
-



-

FWR I SS SIR I
FWVR I SS

3
1 1

I - 3 1 5 5
WVR 4 2 1 2

FWR I- SS SIR PWVSCC 5 17 I 2 2 3 1
PWR I SS I SIR Severe OveloedNg 1 t

PWR SS I SIR Severe overioang
PWR I SS I SIR
PWR SIR
PWR I

Severe orwerbedm
Severe overioavng

TGSCC- Transgramiar SCC
TGSCC- Transgraniuar SCC
TGSCC . Tratygentar SCC
TGSCC - Tranrsgralar SCC

Themal faigue
Thermal [at"gu
Thermal fatgue

Thermal Fabgie - Cy
Thermal Fabgue - Cyckng

2

6
6

2

3

3

3
2
2

3
I

-C

I 2 1 1 I
2 2 4

I-
PWR T-SS

2PWll
PWVR
PWVR
PWR

SS I SIR
SS
SS

SIR
SIR

=WR CS STEAV
FWR CS I STEAV
PWR I CS STEAM

STEAM

Unreported

Unrrepoted
Urlrepofled

Vbrabon-faigue
~Vlravonstaogue
Vibra lrfagume

VWrabon-taugue
VTbrabonrfatgue

Corrosion
Corrs=a14atgue

Erosion
FAC - Flow Accelerated COrroS
FAC. Flow Accelerated CorroSK
FAC. Flow Accelerated Corrose
FAC - Flow Accelerated COrrOs
FAC. Flow Accelerated Cclrosi

Freting
HF-CONSTANST

IHF.H Inan Error
HFPH lan error
HF.Weling Error
HF:Welrn Error

I I 3 3 1 2
t I I 7

-3-4 I 3
6

3
4

7

V
V

I I

PWR
PWR

3

5 1 1

6-I 3 1

CS

I
I

I
I
I

CS I STEAM

3
-I

9
2

2
2

3 1

1 I1

I

-V--
7- PWR -T CS

PVVR CS
STEAM
STEAM
STEAM
STEAM

6 4i 1
PWR CS

PWR

PWR
IWR-

Cs I STEAM

I
2 1 1

= 3 I 2

STEAM
STEAM Vibrabion-faligue -_

I 2
2 1 9-

TPR I Cs
PeVR I CS I STEAM _
-PWR CS I STEA I - I I

1041



PIPE SIZE TOTAL NO.
PLANT TYPE PIPE TYPE SYSTEM GROUP APPARENT CAUSE GROUP OF RECORDS Cadc-Fgj Crack-Part Deformalton LYP LeeaS Leak PakSWal ti

BWR Cs AUXC Corrosion I I I
SWR CS AUXC Corrosion 2 4 1 3
BWR CS AUXC Corrosion 3 2 1 1

BWR CS AUXC Corrosion 4 3 1 I I

BWR CS AUXC Corosion 8 4 I I I

BWR CS AUXC Corrosion 6 7 2 2 2

BWR CS AUXC ErosVoncsitabon 3 _ 1

BWR CS AUXC Erosiowviataeon 6 1 1

BWR CS AUXC Erosion-corrosaon 3 4 2 2

BWR CS AUXC Erosion-corrosion 4 7 1 2 1 3

BWR CS AUXC Erosion-corroslon 5 9 3 5 I

BWR CS AUXC EroSoncorrSoc 6 15 2 8 2 3

BWR CS AUXC HF CONSTANST 2 I

BWR CS AUxC HF:CONSTANST 5 1 1

BWR CS AUXC HF Fabicaton Error 5 I

BWR CS AUXC tIC - Microblogicafy kxsed Corrosion 2 _ 1

BWR CS AUXC SIC Microbioloakic Corro4in - 2 2

BWR CS AUXC MIC - Microblologma Irsljced C=rroson 5

BWR CS AUXC SIC Mcro catty Inaxcd CorrosIon 6 I I

BWR CS AUXC Severe overtoadwV 3 3 3

BWR Cs AUXC Severe overboadwg 5 2 1 1

BWR CS AUXC Severe overloa& 6 2 2

BWR CS AUXC Unreported 6 I I

BWR CS AUXC Vbraborw-las 2 11 _ 2 8

BWR CS AUXC Vibralon-Fabgue 3 -

BWR CS AUXC Vibrabon-Fatgue 4 1
BWR CS AUXC iAbraton-Fa-gue 1 1

BWR SS Corarmentrsy Sterm Bninte Iracktue 5
BWR SS Containment sytem Corrosion 2 _

BWR SS Containert System HF CONSTANST 6 1 1

BWR SS COrxaent System IGSCC - Intergraiuar SCC t 1 1
BWR SS Contaesoert systernm Severe overban 1 _1
BWNR £S Containret System Severe overban 6 2

BWR SS Cor--ni Systemn Vra i-Fasie 11
BWR SS CS Fasgue 1 1
BWR SS CS HF.Weldn Erro O = 1
8WR I Ss Cs WGSrCC- intergratuar SCC 4 I I I _

BWR | 6S Cs

I ---I -I I
BWR }Cs 0Ckc Vibraton-Fa uA I 3 3

BWR Cs EHC Vibrabon-tasue 2 7 1 2 2
BWR Cs EHC Vibrabon-fatigue 3 I I
BWVR I SS EPS I Fat"u
BWR Ss PS

1 I

FPS Fretngq 5 I 1
__ . ---

|BWR tos rt1b HF .- :I nNS , 0 II I- -

BWR es I FPS HF.Hunan error II __

-WR Cs IFPS
8WR I CS I FPS

- -

I
3 I I



L�TQSlOfl r r rT
rsArroso41 2 z

FWC jCorrosion I '-1..~ ---
BWR I SS _WC Corrosion 4 2
OWR j SS I FWC ICoaCoson 1 6-L-
BWR I SS FWC Corrosion _ 6 1 -

BWR I 6S FWC
8WR 1 6S FWC

6S FWC
FWC
FWC
FWVC
FWC
FwJC
FWC

1

1

icavitation 4 1 2 1 1

O BWR Erosion-cavitabon 2 2 _
BWR FWC FAC. Flow Accelrated Corrosion I

8WR I SS FWC FAC - Flow Accelerated Corrosion I 2 -

BWR 6S FWC FAC. Fw Accelerated C
8WR 6S FWC FAG - Fk
BWR I SS FWC

1i7--
I
I
1

I- I
r . 1 I 1I 1

HF.WekkM Error 2 1 2 2

OWR- S53 FWC
OWR 8 FWC
BWR I SS
8WVR SS

FWC
FWC

= N i SaflF

HF WeWV error
IGSCC - hidrgrmiar 6CC

Severe ovwdoaNig
Severe overtoedng
Severe overloibIng
Severe Overloading
Severe rbngock

SICC Sras-rate bivled Corrosion Crac"
8ICC - St an-rle kled Corrosion Crecwv
SICC - Stain-rate Irclieed Corrosion Cradng
61CC. Strf-rae kloicea Corrosion Crat"

Theiial atiu
Thermal FaIgue

5 1 1
4 1 1
1 1 1 1

1

3
4 3 1 7 16

OWN 1 55 I FWC 2 1 -3
OWR I 85
BWR 55

FWC
-FwC

FWC
FWNR 83

1
li 1

1 1
FWvC Vibration-leigue -
FWC I ~ rto-a
FWC I M R:o-ltiu

2 1 21

I i I 3
3 3 I

OWR 55
OWR 1 SS
8WR I Cs

FWC
FWC

-- S M
SA_

Vitbraiton-fatig
Vitiraton-faligue -

BWR Cs
BWR I CS

1 I

I

9SA

Severe Ovhrloding
Vibration-fatig
Vibrabon-Fatigue

21
2 _

OBWR I -CS

I

I

i

I
I
I
I
I

OWR CS PCS I
BWR CS PCS
BWR CS PCS

WR_ CS I PCS -- I I

6
12I AmA.



I PH

BBVMV I CCSS I P~
BWR I C ~ Severe oven

Severe overlBWR I CS PCs 2
SWR I CS PCS Thlemal fatgJe 2 1
BWR I CS PCS Vibrabon-faigue 1 1

BWR I CS PCS
PCs

Virabon-fatgue 2 7
Vibralons-fauggm
Vabration-fatigtia

Cavitabon-erosion
Corrosion
Corrosion
CoIrosion
Coriosjon

CorTosion-fatigue
ECSCC - External C*lonide Idijced SCC
ECSCC.- External Cirldo Indu eced 15CC

BBWR

_3

-r
I2

6

1

_2
3

2

3

6
13-3
-3
17

1:111i i ___ -i -- 1 j2--

2 1

4 I

I

6 l
BWR
BWR Ss RAS
BWR I _ RAS
BWR 8S RAS
BWR RAS ECSCC - Exiernal Choride kxljced SCC 2 2

RAS FAC. Flow Accelerated Corrosion 3 I

Faigue 1 4 I

I I
I

I

I I
BWR - SS RAS
BWR SS RAS

BWR SS RAS
BWR SS I RAS 4 1 I I 1
BWR SS RAS HF.Weklng error 2 2
BWR RAS HF.FWeklg error 3 2

HF.Wel~ng error
HF.Welding Error

I08CC * ~Intrdendr1be SCC
ISCC- kintgamaer SCO
nGSCC kuler~aruar 5CC
1GSOC . Wargr~artar SCC
)GSCC - Int4&wOrSCCBWRi S5 i HAS

BWR 55 I AS
SWR
BWR
SWR

Ss RAS
RAS
RAS

Severe Ovbioad g
Severe r madng
Severe overloarng

SCC -Transaru, a SCC
SCC - Transgrarn~i SCC
SCC . Traagaridr SCC

SCC -Transgrarlar SCC
Themnal fatigue
Trhmal fatgue
Thernal fugoe
Thermal Fabgue

4

6

4

2

3

2

6

2

3

-3-

1

12

3

F I

I i 1 2 I

4

I

I

7

96
T
-5
f

1

; I4

BWR SSI - RAS
BWR S5 RHAS
BWR I Ss RAS --- I
BWR 1 S5 RAS
BWR RAS Thermailfatigue 1 8 10 6

3 -

=BWR S5
BVVR
BWR
SWR
BWR _

SS RAS
SS RAS
SS_ RA5

Virabo-fauqie
Vibration-fatu"
Vibrtiaon-fatlgu

3 I--- 7
4 2 I

I I
rI*

I

-4-------



8WR aS RCPB ECSCC Exteral Ciode kxc"e SCC 4 I

BWR SS RCPB Erosion 2 2

BWR SS RCPB external clar1age 3t

BWR SS RCPB HFCONSTANST I_

BWR SS RCPB HFPCONSTANST 6 2 2

BWR SS RCPB H OFlabcAon Error 2 t 4 1

BWR SS RCPB HFFCcan Erro r 3 4 2 t

BWR SS RCPB HF Fatrcabonr Error 6 S t

BWR SS RCPB HfIREPACRANT 2 3 2 2

BWR Ss RCPB_ HF.We"i error I

BWR SS RCPB HFCWekVr error 2 2 2 2

BWR SS RCBHF:Weung Erro~r 3 
4

SW s 88 RCPB HFGWekling erra 5

BWR SS RCPB HF. Weldng 6ror 3 3 7 _

BWR SS RCPB Hot Cracing 42

BWR SS RCPB ISeCvC re n 4 4 2CC

BWR 6S RCPB tGlSCC hirrrh 2C 32

BWR 8S RCPB S tGSC 2 hlerrSCC

BWR 6S RCPB IGSCC hrra SCC 4 - 2 5 _ 2 7 4

BWR SS RCPB tGSCC - Tbr arar SCC 6 10 7 1 2

BWR 6S RCPB IGSCC - aIntrhr SCC 6 213 3 174 t 22

BWR SS RCPB oThessumzabore 4 2 2 _

BWR SS RCPB Severe od 4 1 1

BWR SS RCPB SICC -Starnrale xIre~dCorrrs oCracdd'g 6 t =

BW-R - SS RtPB TGSCC.- Trarr.ae~r SC-C I t - I

BWR 6Ss RC-PB TGSCC - Traqsurarmar SCC 2_

BW fV-R SS RCPB TtGSCC Tri re3 tar SCC

BW 5 RCPB _Tima r SCCg 2 2 _ 2

BWR SS RCPB Thennal Feagg 3 t 
1

BWR SS RCPB Vibraon-fatb 1 3 3

BWR SS RCPB Wbr om-Faiue 2 42 2 1 4 2 33

BWR -SS RCPB Vbra on-Fabgw 3 4 4

BWR Ss RCPB Vibloraboaiogue 4 I_

OWN SS RCS4NSTR ECSCC. Externail CaU06d klxed Scc 2 1 _

OWR SS RCS-INSTR ECSCC Exenal Clonde keed SCC - 1

BWR S S RC-S4NSTR HF We2 I I

BWR Ss RCS-INSTR tGSCC- tWgr ujar SCC 4 2 1 1

BWR SS RCS-INSTR TGSCC - Tr ICC 2

WR -SS RCS-INSTR TGscc0 Tr Mmlv 8CC 2 1 1

BWR 5S SIR 0 I 1

OWR SS SIR Ontoe trackwe 5 4 4

BWR SS SIR Corroeon 3 1 1

BWR SS SIR Corrosion-algue 5 t
BWR I Ss SIR ECSCC - Extal Ctlord kxlxed SCC I I I
BWR I Ss I SIR EC-'= - External Cllorde Iejiced SCC 6 _ 1_ I
BWR s8 SIR Erosiaon
BWR

I -I 1
-- 2 - ( 1 I J - I

5 I I
Is SIR Fatgue 6 I I

OWR I SS SIR 2 2 2
OWN R S SIR .-

-- BWR I 6S SIR .-
BWR Ss SIR I

- T 1 - - -
4 4 - ' 1

OWR I SS I SIR I

I
HF:W*lng Eror 10 9 I

SIR HF.WeWM Eiror 6 1 6 1 I 1 2 I

BWRUR I FL% AIR 2 1 3 I I I
-

IOAJN I � -- I .1. I - I - L - I -I-.-- -s



1 4 1 4 1 1 - 1 .1 1 2 1 1 1 1
6 64 2 61 6 5 I I

BWR A SS IGSCCO I.eromiler SCC 6 22 18 4
BWR SS I SIR MIC - licrobolgcaty Iniced Corrosion 5 I I

6WR I SS I SIR Overpressizalion
BWR I SS I SIR Oversliessid
BWRI SS I SIR

2
2

6

G
-r

27

II
2

3
3

3 F
- I I

BWR SS L WAIR
_BWR 55 5R
_BWR SS I SIR

5 2 I 1
aed I 5 |i I I II t I I I I_ _ 1 1 I

VAbrau-Falgue 0 2 2
BWR I SS I - SIR Vbratof-fabgje I 6 1

BWR I SS I SIR Vibraborsfalgue 2 27 9
BWR I SS SIR I Vibralon-latgue

Vibraobo-almg~

Vibraon-fabgui
Corrosion

xteral Ciore Wibiced sCC
Erosion

1

1

3 -- I I I
_WVR I CS I STEAM Erosion 4 I I

BWR I CS I STEAM FAC. Flow Accelerated Corrosion - 2 16 1
BWR CS
BWR
8WR
BWR
BWR
BWR
BWR

_BWR
_BWR

BWR
BWR
BWR
BWR
BWR

CS I
STEAM
STEAM
STEAM

STEAM
STEAM
STEAM
STEAM
STEAM
STEAM

FAC - Flow Accelerated Corrosion 3
FACG Fk

1 - 11
I

i
4 14_ I I I

CS
CS
CS

STEAM
STEAM
STEAM
STEAM

HFREPAIR/MAINT
HFeeking error
HF:Weklng error

f
2

1

6S -- I I I 1

BWR rCS I STEAM
CC - Stairifate keld Corrosion Crachng

TGSCC. Tra= r SCC
TGSCC-TrnsgruTSCCBWVR

BWVR
BWVR

CS
CS

STEAM
STEAM

6

1
2

3
-L

3
6

3 3

-I - I
611 1 2 2

2 _4 i 2HVibraon-Faiogue
_ Water Harrner 6 1 _

STEAMt Walert4mmrr 6 1 I I



Appendix B
Haddam Neck PWR Cs 2.25 4 Erosion GL 89-08

CANDU PWR Cs 4 4 Thermal Fatigue Korean
CANDU PWR CS 4 4 Thermal Fatigue Korean
CANDU PWR CS 4 4 Thermal Fatigue Korean
CANDU PWR Cs 4 4 Thermal Fatigue Korean

Millstone Unit 3 PWR CS 6 5 Erosion/Corrosion IN 91-18
Arkansas Nuclear One Unit 2 PWR CS 14 6 Erosion IN 89-53

DC Cook Unit 2 PWR CS 16 6 Erosion Bulletin 79-13
DC Cook Unit 2 PWR CS 16 6 Erosion Bulletin 79-13

Fort Calhoun Station PWR CS 12 6 FAC IN 97-84
Surry Unit I PWR CS 30 6 Not yet determined IN 81-04
Surry Unit 2 PWR CS 18 6 Erosion/Corrosion IN 86-106

Trojan 1 PWR CS 14 6 Erosion IN 87-36
Zion 1 PWR CS 24 6 Human Factor IN 82-25

FR (Framatome Reactors) PWR CS 10 6 Corrosion Korean
FR (Framatome Reactors) PWR CS 28 6 Corrosion Korean

-,- .>4.;DiabloCanyonUnit 'AT- , i.PWR r -CS; ' ,;Thermal Fatigue i; N f-(if'iN,92-20-':
;m::Lovilsa.UnHt;l 1TPWR~ - '.CS, - Erosion/Corrosion .:;9 lN91-18 .-

; : t,.Sequoyah Unit 1' .. ;....... A- % '.-PWR-.. ri < CS,> i ;' F . i. _.`,_i ,' 2Thermal Fatigue -'1, -,5-;-N 92-20'-.'
S;-It n1 ;-: V PWR N.CS:Js ,, r fi ,m Erosion/Corrosion.1 '. .lN 91-18 :
Wolf Creek PWR SS 0.25 1 Vibration IN 89-07

KSNP Korean Standard Nuclear
Power Plant PWR SS 0.375 1 Thermal Fatigue Korean

Oconee Unit 3 PWR SS 0.75 1 Mechanical Failure IN 92-15
WH-3 PWR SS 0.75 1 Flow Induced Vibration Korean
WH-3 PWR SS 0.75 1 Flow Induced Vibration Korean

H.B. Robinson Unit 2 PWR SS 2 3 SCC IN 91-05
Oconee Unit 2 PWR SS 2 3 Vibration IN 97-46

Prairie Island Unit 2 PWR SS 2 3 SCC IN 91-05
WH-3 PWR SS 2 3 Flow Induced Vibration Korean
WH-3 PWR SS 2 3 Flow Induced Vibration Korean
WH-3 PWR SS 2 3 Flow Induced Vibration Korean

Crystal River Unit 3 PWR SS 2.5 4 Fatigue IN 82-09
Fort Calhoun Station PWR SS 3.5 4 SCC IN 82-02

Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02

Ginna PWR SS 8 5 SCC IE Circular76-06
Foreign PWR SS 8 5 Thermal Stress Bulletin 88-08

Arkansas Nuclear One Unit 1 PWR SS 10 6 SCC IE Circular76-06
Oconee Unit 2 PWR SS 24 6 Erosion IN 82-22

Sequoyah Unit 1 PWR SS 16 6 Fatigue IN 95-11
Seauoyah Unit 2 PWR SS 10 6 Human Factor IN 97-19

Surry Unit 2 PWR SS 10 6 SCC IE Circular76-06
Palo Vetde- ' ,.P - --SSS aro . '' Human7-Fac032

San Onofre Unit 2- t i ^ PWR f .SS. '% ar fs;; , 'Human Factor.- . Bulletin 79-3
' SanOnofre Unit 3<,V,,1 9 PWR.. SS . 4are - Human Factorf., .,'Bulletin 79-03-

..-:, JTMIunit-1 i;'"'' ;.PWR' -1SSh !( '' SCC m--*. 1,IN-79-49 9:

- eTMlunlt1. fV BPWR.'.<"SS . -5-CC P 'IN 79-19'- -
,niFareylnt2- >., .PWR- ., ; _____I_.'L IN 8801 '

'- oint Beach Unit I1 " PWR. ', ______ ,_ 91 i-



Appendix B (cont.)

Plant Type Material Diameter PiGroup Failure Mechanism Reference

Dresden Unit 2 BWR Cs 4 4 Human Factor Bulletin 74-10
Nine Mile Point Unit 2 BWR CS 8 5 Fatigue Event 36016

Vermont Yankee BWR CS 12 6 SCC IN 82-22
Cooper Station BWR SS 0.25 1 Vibration IN 89-07

- Pilgrim BWR SS 1 2 Corrosion IN 85-34
Browns Ferry 3 BWR SS 4 4 SCC IN 84-41
Browns Ferry 3 BWR SS 4 4 SCC IN 84-41

Nine Mile Point Unit I BWR SS 6 5 SCC Bulletin 76-04
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01

Hatch Unit I BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit I BWR SS 22 6 SCC IN 83-02
Hatch Unit I BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 20 6 SCC IN 63-02
Hatch Unit 1 BWR SS 24 6 SCC IN 83-02
Montecello BWR SS 22 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02

Bro nsWFerry... 1-' -.. . ;BWV-. >Zf 7-' X a - .'* : IN82-24 -,1
-Desden Unit - BWR - __; : : Freezing IN 94-38-

|Highlighted plants were notused in the data analysis due'to missing information.: i n-



Appendix C. Collapsed OPDE Database

Collapsed OPDE Raw Data as function of Pipe Size

Plant Type Pipe Size Group Resulting Number of Failures
PlantType_ (inches) Cs Ss CS+SS

0.0-1.0 154 544 698
1.0-2.0 74 154 228
2.0-4.0 78 75 153
4.0-10.0 126 112 238
> 10.0 93 126 219
Total 525 1011 1536

0.0-1.0 118 257 375
1.0-2.0 32 75 107

BWR 2.04.0 32 227 259
4.0-10.0 50 234 284
> 10.0 39 291 330
Total 271 1084 1355

0.0-1.0 272 801 1073
1.0-2.0 106 229 335

PRBR2.04.0 110 302 412
PWR+BWR 4.0-10.0 176 346 522

> 10.0 132 417 549
Total 796 2095 2891



Collapsed OPDE Raw Data as function of Failure Mlechanism

Plant Type Failure Mechanism Resulting Number of Failures
PaTyFaueehi CS SS CS+SS

Corrosion 106 28 134
FAC 119 121 240
MIC 43 1 44

Erosion 96 12 208
Fatigue 92 501 593

PWR Human Factors 36 126 162
Mechanical Failures 22 37 59

SCC 5 169 174
Water Hammer 0 2 2

Misc 6 14 20
Total 525 1011 1536

Corrosion 29 32 61
FAC 58 63 121
MIC 6 1 7

Erosion 40 9 49
Fatigue 71 225 296

BWR Human Factors 24 85 109
Mechanical Failures 18 25 43

SCC 19 624 643
Water Hammer 2 1 3

Misc 4 19 23
Total 271 1084 1355

itz *K3 z~-c.t.r! .-- ;*** ,X , , , ,

Corrosion 135 60 195
FAC 177 184 361
MIC 49 2 51

Erosion 136 21 157
Fatigue 163 726 889

PWR+BWR Human Factors 60 l 211 271
Mechanical Failures 40 62 102

SCC 24 793 817
Water Hammer 2 3 5

Misc 10 33 43
Total 796 2095 2891
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EXECUTIVE SUMMARY

The Nuclear Regulatory Commission (NRC) is examining the technical basis for the
largest pipe size failure required for the design basis loss of coolant accident analysis.
Based on expert elicitation and fracture mechanics modeling, very low failure frequencies
are predicted for such large pipes. [1]

It was the objective of this paper to examine data from piping failures in nuclear power
plants and other industry in comparison to the failure frequencies predicted by the NRC.
The data was divided by materials into stainless steel and carbon steel, by failure type
into leaks and cracks versus ruptures, severances, and breaks, and by plant type into
pressurized water reactor (PWR) and boiling water reactor (BWR). The failure
frequencies were calculated based on 3390 reactor calendar years. These calculated
failure frequencies were compared to the NRC estimates.

Examination of all of the data together and then divided into stainless and carbon steel
subsets indicated that the pipe failure frequencies for smaller sized pipes were
comparable to or less than the NRC estimates. However, for larger pipe sizes, failure
frequencies of one to two orders of magnitude higher than the NRC estimates were
calculated.

In general the failure frequencies calculated from the data agreed well with the NRC
estimates for small pipe sizes; for larger pipe sizes the calculated failure frequency was
generally higher than the NRC estimates.

Better agreement was seen in large pipe sizes when the data was compared to the NRC
BWR failure frequencies. This may be due to the NRC's higher failure frequency in bin
5 for BWRs than PWRs.

The data indicated failure frequencies on the same order of magnitude regardless of
whether the data was classified into PWR and BWR bins. This was observed for the
database in general and for subsets of the database.
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1.0 Introduction

1.1 Project Introduction and Objective

The Nuclear Regulatory Commission (NRC) is examining the technical basis for the
largest pipe size failure required for the design basis Loss of Coolant Accident (LOCA)
analysis. In current regulations this design basis accident is initiated by a double ended
guillotine break of the reactor coolant system cold leg. Based on expert elicitation and
fracture mechanics modeling, very low failure frequencies are predicted for such large
pipes. [1]

It was the objective of this paper to examine data from piping failures in nuclear power
plants and other industries in comparison to the failure frequencies predicted by the NRC.
In order to do this, the data was divided by three main criteria: materials, which was
further broken up into stainless steel and carbon steel; failure type, which was divided
further into leaks and cracks versus ruptures, severances, and breaks; and by plant type,
which was divided into pressurized water reactor (PWR) and boiling water reactor
(BWR). Data collection, reduction, and analysis approach are examined in Sections 1.2,
1.3, and 1.4, respectively.
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1.2 Data Collection

1.2.1 General Search Approach

A literature search was conducted to search for failed pipe data. When references were
obtained which summarized data results, the original references were obtained when
possible to examine the original data.

Initial search results were not promising, yielding many failures that were thrown out
because the failures occurred in laboratories and not in service. Laboratory failures were
generally caused by purposeful testing to failure and were therefore not applicable for
this study. However, a large database of nuclear power plant piping failures was found
and formed the analyzed database.

1.2.2 Initial Searches

Initial searches for data yielded results from laboratories and the petrochemical industry.
A number of conference proceedings were available with summaries of piping failures in
various industries. Some of this data was unusable in the database because the failures
occurred in a laboratory setting, not in the pipe's service function.

Rejected Data:
1. Cronin and Roy created a database of pipe failures with 80 carbon steel pipes

taken out of service from the Canadian petrochemical industry due to excessive
corrosion. The researchers then pressurized the pipe sections in the laboratory to
failure. This data was removed from the database because the pipes did not fail
under their designed operating conditions.

2. Neto, Maneschy, and Nobrega used cracked pipes and stressed them to failure.
Again, as the pipes did not fail under their designed operating conditions, this data
was discarded.

3. Roos, et al, failed pipes in the laboratory, and this data was discarded because the
pipes did not fail in their designed setting.

Acceptable Data:
1. The failure of pipe in a petroleum refinery catalytic reforming unit, as discussed

by Buchheim, was retained because the pipe failed in service due to creep rupture.
It should be noted that this pipe was manufactured to ASTM A691 criteria,
different than those set for pipes in nuclear power plants. Due to this difference
and the inability to classify the pipe failure as a PWR or BWR failure this data
was not included.

The search ofjournal and conference papers did not yield substantial results. However,
the literature survey did indicate that databases of nuclear power plant pipe failure data
exist. Access to these existing databases was pursued, in addition to other, more general,
internet searches for failed pipe data.
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1.2.3 National Transportation Safety Board

The National Transportation Safety Board (NTSB) website was found through a general
internet search for failed pipes. A number of reports of oil or gas pipeline failures were
available. These reports were read and the pertinent data taken for the database. It
should be noted that these pipes, which failed in service, were designed to American
Petroleum Institute standards. The failure mechanisms were applicable to nuclear power
plants, such as corrosion and fatigue. When the failure mechanism was obviously not
applicable to a nuclear power plant, such as failure due to blunt force applied to the pipe
the data was excluded.

Because these pipes were not designed to the same standards as those in nuclear power
plants and could not be segregated into PWR or BWR plant type these failures were not
included in the final database. However, their effects on the failure frequencies
calculated from the final database are discussed where applicable.

1.2.4 Database of Nuclear Power Plant Failures

During the literature survey for failed pipe data, papers were found which referenced a
database of failures in nuclear power plants compiled over the course of many years by
Dr. Spencer Bush of Review & Synthesis Associates of Richland, Washington. Dr. Bush
was contacted for permission to access the database. He indicated that he no longer had
the data in electronic form, but was willing to send Penn State a hardcopy of the database.
The hardcopy was received and examined.

The database consisted of failures in nuclear power plants from the early 1970s to 1996.
Data was tabulated; the plant, failure date, system name, pipe size, break definition,
references, and comments were given. One section of data consisted entirely of non-
leaking cracks and wall thinning; this data was not included in the final database
examined for this study. The leaking cracks, failures, ruptures and severed pipe data
were transcribed to electronic form to constitute the database studied here.
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1.3 Data Reduction to Final Database

As briefly described in Section 1.2, many of the data points found in the literature for
pipe failure were discarded because they were intentionally failed in laboratory
conditions. The original Bush database had to be further examined in order to separate
the data into stainless steel and carbon steel components, and to eliminate data points for
which there was insufficient information to accurately classify them.

1.3.1 Separation of Data into Stainless and Carbon Steels

Each pipe failure was assigned stainless or carbon steel based on the system in which the
failure was found. It was assumed that primary system components were stainless steel;
secondary system components were carbon steel. The system designation is given in
Table 1.3.1 below. Due to inconsistency in labeling in the original database, there may
be some overlap in system nomenclature.

Table 1.3.1: System Designation of Carbon or Stainless Steel
Carbon Steel Stainless Steel

Aux. Feedwater accumulator
Bellows at steam relief valve AFW minimum flow line
Blown down line Atm dump
CCW - component cooling water Atmosphere control header
CCW HX Bldg Spray
CFCU Boiler feed
chillers Borated Line
circulation Boric Acid
Closed Cooling Water boron injection
Component coolers boron transporter
Condensate Buried RCIC
Cont. fan cooler Charging
Cont. recir. SWS Chemical and Volume Control
containment Chemical waste
Containment Air cooler Chlorination
containment fan cooler Cleanup
Containment heat removal Cold Leg Drain
D.G. cooler Containment spay
D.G. SWS Control Rod Drive
Discharge line condensate to river Coolant pump seal return line
Drain in steam line Coolant recirculation
ERCW Core Aux Cooling
ESW Core spray
Expansion joint condensate Demineralizer
Fan cooler Desuperheater
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Table 1.3.1 continued: System Desi nation of Carbon or Stainless Steel
Carbon Steel Stainless Steel

Feedwater Drains from drain tank to flash tank
Fire header ECW- Emergency cooling water (system)
Fire Main Emergency core cooling
Fire Main Extraction steam line
Fire Prevention Flow sensor
Fire Protection Flow Sensor
Fire suppression flow transmitter
Header to pier 1 flux thimbles
Main steam Gas line
RBCW High pressure core injection
salt SWS In core instrument nozzle
seal line Inst. Air cooler

Inst. Pressure sensing line, clean water
Service water storage tank
Spent Fuel Pool Instrument air
Spray pond line instrument line
Steam intake cooling water
Steam Generator Blow Down Jet pump rod inst line
SWS Laundry discharge
Turbine drain line Let down line
Turbine Exhaust LPCI
turbine return line lube cooling
waste concentrate Makeup System
Water to D.G. Moisture separator reheater

Pressurizer
Pump seal line
Radwaste
Reactor Coolant
Reactor recirculation
Reactor Sensor Line
Reactor Water Cleanup
Recirculation
Residual Heat Removal
Safety Injection

thimble tube
Torus sprayfLPSI
Vent line
Water box
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1.3.2 Removal ofData Due to Size Uncertainty

A number of data points were removed from the database due to uncertainty in the leak
size. Some of the pipe sizes were simply given as "unknown"; others were given in a
range of numbers such as 3-24. This was interpreted to mean that the pipe that failed had
a diameter between 3 and 24 inches. Due to this uncertainty, these points were removed.

The bulk of the data removed due to size was from failures which occurred at junctions.
For these points, the pipe size is given as, for example, 12x 16, indicating a junction from
a 12 inch to a 16 inch pipe. As it is unknown where the failure occurred, and a number of
these failures occurred in pipes whose sizes did not fall in the same analysis bins (see
Section 1.4), these data points were discarded.

A list of the data discarded from the original Bush database due to size uncertainty is
given in Appendix B 1.

1.3.3 Removal of Data due to Material Uncertainty

A number of data points were removed due to the uncertainty of suitability of their
material for this database. In some data points, the system in which failure occurred was
unknown. These data points could have been maintained in the database for graphs
which were not examined by material, but for simplicity they were removed. Other pipes
were clearly not made of stainless or carbon steel; they were labeled in the comments as
aluminum, copper, fiberglass, etc.

Other data points were removed because their systems did not clearly indicate whether
the pipe would be stainless or carbon steel.

A list of the data discarded due to material uncertainty is given in Appendix B2.

1.3.4 Questionable Large Pipes

The Bush database included 10 large pipes of diameter 100 in or 120 in. Nine were
classified as carbon steel, one was classified as stainless. It was uncertain, upon
examining these data, whether pipes this large existed in the plants or whether the pipe
sizes were typos. It was decided to include the data. The effect of removing these data
on the calculated failure frequencies is discussed briefly below.

1.3.5 Final Database for Analysis

The final database for analysis consists of only the applicable nuclear power plant data
from the Bush database, after data points were discarded due to their unsuitability as
discussed in Sections 1.3.2 and 1.3.3. The National Transportation Safety Board data
was not included as the pipes were manufactured to different specifications than those
required for nuclear-grade pipes. However, these pipes were designed to meet
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specifications and failed in service. Their effect on the failure frequencies calculated is
discussed where applicable.

The analyzed data is given in tabulated form in Appendix A. The National Transportation
Safety Board data is given in Appendix C. There are a total of 2529 data points in the
final database, and an additional 11 points from the National Transportation Safety Board
accident reports.
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1.4 Data Analysis Approach

The final database, shown in Appendix A, was analyzed based on pipe size, material,
plant type in which the pipe was in service, and failure type. The failure frequencies
calculated were converted to a per calendar year of reactor operation basis and the
failures were grouped according the NRC's pipe size bins in order to better compare the
data gathered to the NRC estimated failure frequencies.

1.4.1 Failure Size Classification

The NRC published information regarding pipe failures gives the estimated frequency of
failure per calendar year as a function of the flow that would be caused by the failure.
Therefore, the pipe break size for the same flow differs for PWR- and BWR-type plants.
The NRC flow ranges and corresponding ranges of pipe size for PWRs and BWRs are
shown in Table 1.4.1. [1]

Table 1.4.1: NRC Classification of Break Size
Bin LOCA Size PWR Effective Break Size BWR Effective Break Size

# (GPM) (in) (in)
1 > 100 0.5 <x< 1.625 0.5 <x< 1.875
2 >1,500 1.625 <x< 3 1.875 <x 3.25
3 >5,000 3 <x< 7 3.25 <x< 7
4 >25,000 7 <x< 14 7 <x< 18
5 >100,000 14 <x< 31 18 <x< 41
6 >500,000 31 <x 41 <x

As the compiled data gave pipe diameter sizes, the data was sorted into bins for
frequency analysis based on the NRC break size classifications for PWRs and BWRs.
The data was sorted into the 5 largest categories as given in Table 1.4.1. However, for
the smallest category, Bin 1 was extended from zero inches to the maximum of the bin,
1.625in for PWRs and 1.875in for BWRs.

The sizes of a number of pipes in the database were given as "less than 1 inch" or
"greater than 1 in" without further identification of pipe size. All of these cases were
classified into the lowest pipe size bin for data analysis. This classification was made on
the assumption that the pipe size was close to 1 inch and the failure belonged in the
lowest bin.

1.4.2 NRC Failure Frequency

The NRC failure frequencies are given in Table 1.4.2. [1] Mean, 5% and 95% failure
frequencies per calendar year are estimated for the U.S. nuclear fleet at the end of the
original licenses. "X-axis point" refers to the data point used for graphing purposes; it is
the lower bound of the bin size.
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Table 1.4.2: NRC Calculated Failure Frequencies
Effective

Plant Type Break x-axis point Failure Frequency (1/cal-yr)
Size (in)

5% Mean 95%
0.5 <x< 1.625 0.5 3.OE-04 2.1E-03 7.5E-03

1.625 <x< 3 1.625 4.9E-06 2.5E-04 9.3E-04
PWR 3 <x< 7 3 3.1E-07 1.8E-05 7.OE-05

7 <x< 14 7 6.0E-08 2.5E-06 9.6E-06
14 <x< 31 14 9.3E-10 6.1E-08 2.4E-07

31 <x 31 1.OE-10 4.6E-08 1.7E-07
0.5 <x< 1.875 0.5 2.30E-05 5.1OE-04 1.90E-03
1.875<x-<3.25 1.875 1.80E-06 1.20E-04 4.70E-04

BWR 3.25 <xS 7 3.25 2.40E-07 2.10E-05 8.OOE-05
7 <x< 18 7 5.70E-08 6.60E-06 2.50E-05
18 <x< 41 18 1.OOE-08 2.40E-06 6.90E-06

41 <x 41 2.80E-1 1 2.50E-09 9.50E-09

1.4.3 Conversion of Data to Failure Frequency

In order to convert the data compiled into a failure frequency, the data was divided into
bins based on the pipe size, as described in Section 1.4.1. The failure frequency was
calculated from the number of failures in that bin divided by the total number of failures.
If A is the number of breaks in the bin of interest, and B is the total number of failures,
then the failure frequency F' is given by:

F'=A
B

This gave the frequency of failure of that pipe size range as a function of all failures. In
order to study the frequency per calendar year of operation, 3390 calendar years of
operation were assumed. 3390 calendar years accounts for 2745 reactor years of
experience in the United States as of the end of 2003, divided by an assumed availability
factor of 0.81.

It should be noted that as the data in the database extends from the early 1970s to 1996,
the use of 3390 calendar years to calculate the failure frequency is not a conservative
assumption. The actual number of calendar years of operation for the time span of the
data is less than that used in the analysis and would therefore indicate higher failure
frequencies than those calculated.

Therefore, the frequency of failure for a given range of pipe sizes, F', was divided by Y,
the 3390 calendar years of operation to give the failure frequency F in failures per
calendar year.

F'F = F' failure frequency per calendar year
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When the data was subdivided, such as by material or plant type, the failure frequencies
were calculated on the basis of the number of failures in the subdivided data section, not
the total number of failures in the entire database.

1.4.4 Calculated Failure Frequencies

Failure frequencies were calculated based on all of the data and a number of subsets of
the data. Figure 1.4.1 shows a flow chart of which failure frequencies were calculated.

Figure 1.4.1: Flow Chart of Failure Frequency Calculations

Data was examined based on the pipe material, the plant type in which the pipe was
operating, and on the failure type.

1.4.5 Failure Mechanisms

The failure mechanisms were examined to determine if there were dominating
mechanisms across the database or the subsets described in Section 1.4.4.
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2.0 Results and Discussion

The failure frequencies calculated, as described in section 1.4, are presented and
discussed. Section 2.1 discusses the database as a whole. Section 2.2 shows failure
frequencies for only pipes which ruptured, severed, or broke, not those whose failure was
by cracking and leaking. Section 2.3 discusses the data when it is separated by plant
type. Section 2.4 gives an overview of the failure mechanisms observed in the data.

All of the data is compared to the appropriate NRC failure frequency bins. When there is
not an inherently appropriate bin, such as for data not divided by plant type, the
calculated failure frequencies are compared to both the NRC PXVR and BWR failure
frequency estimates. In these cases the database is divided into the appropriate ranges
based on the NRC pipe size ranges for PWR and BWR failures.

2.0.1 Discussion ofLarge Pipe Effect

As discussed in Section 1.3.4 there were ten large pipes in the database whose sizes were
questionable. As the data was felt to be reliable, these data points were included in the
database. When the all of the data was examined by material type, the effect was
negligible as discussed below. However, the effect of these pipes on the calculated
failure frequencies could be significant when the data was subdivided by plant type or
particularly, failure type.

If the one large stainless steel pipe in doubt is removed from the stainless steel database,
then the stainless steel failure frequency for pipes larger than 31 inches drops from
8.07x10 7 failures per calendar year to 5.38xlO 7 failures per calendar year. Dropping it
from the BWR bins decreases the failure frequency for pipes larger than 41 inches from
5.38xl 0,7 failures per calendar year to 2.69xl 0 7 failures per calendar year. These values
are still outside the 95% range of the corresponding NRC calculations.

If the 9 large carbon steel pipes are removed from the carbon steel subset of data, the
carbon steel failure frequency for pipes larger than 31 inches drops from 3.9 1x104
failures per calendar year to 2.07xl0_ failures per calendar year. Dropping it from the
BWR bins decreases the failure frequency for pipes larger than 41 inches from 2.27x104
failures per calendar year to 4.17x10 7 failures per calendar year. These values remain
well outside the 95% range of the corresponding NRC calculations.
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2.1 All Data

All of the data was examined against the NRC BWR and PWR failure frequencies. Then
the data was divided between carbon steel and stainless steel failures and compared
against the NRC BWR and PWR failure frequencies.

2.1.1 Failure Frequency: All Data Examined

Figures 2.1.1 and 2.1.2 show the frequency plot for all of the failure data, regardless of
pipe material or plant type, against the NRC PWR and BWR failure frequencies,
respectively. Table 2.1.1 gives the numerical failure frequency.
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Figure 2.1.1: All Data, PWR Bins
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Figure 2.1.2: All Data, BWR Bins

Table 2.1.1: Failure Frequencies, All Data
NRC PWR Bins NRC BWR Bins

Range Frequency Frequency Range Frequency Frequency
(in) (no. events) (l/cal-yr) (in) (no. events) (l/cal-yr)

0-1.625 1310 1.53E-04 0-1.875 1310 1.53E-04
1.625-3 260 3.03E-05 1.875-3.25 260 3.03E-05

3-7 297 3.46E-05 3.25-7 297 3.46E-05
7-14 511 5.96E-05 7-18 554 6.46E-05
14-31 129 1.50E-05 18-41 95 L.1lE-05
>31 22 2.57E-06 >41 13 1.52E-06

Figures 2.1.1 and 2.1.2 show relatively good agreement between the failure frequency
calculated from the compiled data and the NRC estimated failure frequency for small
pipe failures. If the failure frequencies for the data were calculated using a more realistic
number of reactor calendar years appropriate to the database coverage, the agreement
would be better for the small pipe failures.

However, Figures 2.1.1 and 2.1.2 indicate that for large pipe sizes, the failure frequency
calculated from the data is higher than that estimated by the NRC when all of the data is
considered. This is especially true for the PWR bin sizes. The BWR bin sizes show
better agreement between the data and the NRC calculations. However, the BWR failure
frequencies are still outside the 95% NRC calculated line for 7-18 inch and 18-41 inch
failures. The PWR failure frequencies show even less agreement at the fourth and fifth
bin ranges (7-14in and 14-3 lin); the failure frequency calculated from the data is
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approximately an order of magnitude higher than the NRC estimation for these bin
ranges.

2.1.1.1 Effect of National Transportation Safety Board Data

The inclusion of the National Transportation Safety Board Data slightly increased the
failure frequencies of the larger pipe sizes, further distancing them from the NRC
estimates. The exception is the greater than 41 inches bin, which slightly decreased. The
smaller pipe failure frequencies decreased slightly. The failure frequencies with the
National Transportation Safety Board data are given in Appendix E.

2.1.2 Failure Frequencies: Stainless Steel and Carbon Steel Pipes Separated

The data were separated into stainless steel and carbon steel pipes according to their
given system, as discussed in Section 1.3.1. These data could be separately analyzed for
failure frequency according to the method given in Section 1.4.3.

Figure 2.1.3 shows the failure frequency data for carbon and stainless steel for the NRC's
PWR bins. Figure 2.1.4 shows the same data in the BWR bins. Tables 2.1.2 and 2.1.3
give the numerical failure frequencies for carbon and stainless steel, respectively.
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Figure 2.1.3: All Carbon and Stainless Steel Data, PWR Bins
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Figure 2.1.4: All Carbon and Stainless Steel Data, BWR Bins

Table 2.1.2: Failure Freq encies, Carbon Steel Data
NRC PWR Bins NRC BWR Bins

Range Frequency Frequency Range Frequency Frequency
(in) (no. events) (1/cal-yr) (in) (no. events) (1/cal-yr)

0-1.625 611 1.26E-04 0-1.875 611 1.26E-04
1.625-3 149 3.07E-05 1.875-3.25 149 3.07E-05

3-7 194 4.OOE-05 3.25-7 194 4.00E-05
7-14 349 7.19E-05 7-18 388 7.99E-05
14-31 110 2.27E-05 18-41 79 1.63E-05
>31 .19 3.91E-06 >41 11 2.27E-06

Table 2.1.3: Failure Frequencies, Stainless Steel Data
NRC PWR Bins NRC BWR Bins

Range Frequency Frequency Range Frequency Frequency
(in) (no. events) (1/cal-yr) (in) (no. events) (1/cal-yr)

0-1.625 699 1.88E-04 0-1.875 699 1.88E-04
1.625-3 111 2.98E-05 1.875-3.25 111 2.98E-05

3-7 103 2.77E-05 3.25-7 103 2.77E-05
7-14 162 4.36E-05 7-18 166 4.46E-05

14-31 19 5.11E-06 18-41 16 4.30E-06
>31 3 8.07E-07 >41 2 5.38E-07
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Figures 2.1.3 and 2.1.4 show that carbon steel pipes have consistently higher failure
frequencies than stainless steel pipes except at the smallest sizes. For pipes 7 inches and
larger the carbon steel pipes fail more frequently; for smaller pipes the failure frequency
is approximately equal.

For the PWR binned data, the carbon and stainless steel failure frequencies remain
significantly higher than the NRC calculations, especially in the 14-3Iinch range. For the
BWR binned data, the agreement is better, especially in the 18-41 inch range. For the 18-
41 inch range the stainless steel failure frequency falls within the 95% line of the NRC
calculation. However, divergence is again observed for very large pipes in the BWR
bins.

2.1.2.1 Effect of National Transportation Safety Board Data

As all of the National Transportation Safety Board data are for carbon steel pipes, the
stainless steel frequency distributions are not affected.

For the carbon steel pipes, the failure frequency of the pipe bins greater than 7 inches
increased slightly. A large increase was seen in the largest PWR bin, for pipes greater
than 30 inches, from 3.91xlO to 4.50x104 failures per calendar year. The increased
failure frequencies for the larger pipe bins when the National Transportation Safety
Board data are included are given in Appendix E.

2.1.3 Summary and Discussion of Results: All Data

At the smaller pipe size ranges the calculated failure frequencies agree fairly well with
the NRC frequencies and the NRC estimated failure frequencies are often higher than
those calculated from the data. However, for the large pipe size ranges (14-3 in and
>31in for a PWR, 18-41 in and >41in for a BWR), significant deviation is shown
between the calculated failure frequencies and the NRC estimates. This is especially true
when the data is separated into the PWR bins and compared to the PWR failure
frequencies, and in the largest bin size of the BWR ranges (>41in). When the data is
separated into the BWR bins and compared to the BWR failure frequencies the
agreement is better in the 18-41inch bin but more divergence is seen in the largest bin
size than in comparison to the largest PWR bin size.

Examination of the numerical values of the failure frequencies estimated and calculated
indicates the NRC BWR failure frequency in the second to largest bin is one to two
orders of magnitude higher than the corresponding NRC PWR frequency. For the largest
pipe size bin, >31 in in a PWR and >41 inches in a BWR, the BWR failure frequency
estimate is one to two orders of magnitude lower than the PWR estimate. The failure
frequencies calculated from the data are on the same order of magnitude regardless of
how the data is classified. This is summarized in Table 2.1.4; the NRC's mean value is
given but the trend is also seen in the 5% and 95% values.
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Table 2.1.4: Large Pipe Range Estimated and Calculated Failure Frquency
NRC Mean value All Data Carbon Steel Stainless Steel

(1/cal-yr) (1/cal-yr) (1/cal-yr) (1/cal-yr)
PWR: 14-31in 6.10E-8 1.50E-5 2.27E-5 5.11E-6
BWR: 18-41 in 2.40E-6 1.11E-5 1.63E-5 4.30E-6
PWR: >31 in 4.60E-8 2.57E-6 3.91E-6 8.07E-7
BWR: >41 in 2.50E-9 1.52E-6 2.27E-6 5.38E-7

This difference between the NRC PWR and BWR failure frequency estimates for the
larger pipe sizes is further examined in Section 2.3 where the data is divided by plant
type.
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2.2 Rupture Analysis:

The data included in this section is the rupture only data set. The rupture data set is
defined as any failure, break, rupture, or severed pipe from the original pipe database.
The rupture data set excludes any leaks or cracks. All the rupture data was divided into
carbon and stainless steel and evaluated against the NRC PWR and BWR failure
frequencies. Then the rupture data was divided into PWR and BWR plant types and
evaluated against the NRC PWR and BWR failure frequencies.

2.2.1 Failure Frequencies: Carbon and Stainless Steel Ruptured Data

Figure 2.2.1 shows the frequency plot for all carbon and stainless steel ruptured data in
PWR bins against the NRC PWR failure frequencies. At larger pipe sizes the carbon
steel pipes have a higher failure frequency compared to stainless steel pipes and the NRC
data. The failure frequencies for the smaller pipe sizes for both carbon and stainless steel
are in good agreement with the NRC's estimated failure frequencies. Table 2.2.1 gives
the numerical failure frequencies.
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Table 2.2.1: Failure Frequencies in PWR Bins for Rupture Data
NRC PWR Bins - Carbon Steel NRC PWR Bins - Stainless Steel

Normalized Normalized
Range Frequency Frequency Range Frequency Frequency

(Inches) (no. Events) (G/cal-yr) (Inches) (no. Events) (1/cal-yr)
0- 1.625 97 1.69E-04 0- 1.625 69 2.24E-04
1.625-3 10 1.75E-05 1.625-3 8 2.59E-05

3 - 7 23 4.01E-05 3 - 7 7 2.27E-05
7 - 14 16 2.79E-05 7- 14 3 9.72E-06
14 - 31 11 1.92E-05 14 - 31 2 6.48E-06

>31 12 2.09E-05 >31 2 6.48E-06

Figure 2.2.2 shows the frequency plot for carbon and stainless steel ruptured data using
all data in BWR bins against the NRC BWR failure frequencies. In Figure 2.2.2 the pipe
database failure frequencies are in good agreement with the NRC BWR failure
frequencies except for the largest bin size (Bin 6 - >41in). For pipes greater than 41
inches the pipe databases failure frequency is larger than the NRC BWR estimated failure
frequencies. An important note is that the BWR normalized failure frequency for larger
pipes is smaller than the NRC PWR normalized frequency for larger pipes by
approximately one to two orders of magnitude. From Figures 2.2.1 and 2.2.2 the failure
frequency variation between PWR and BWR pipe database failure frequencies are on the
same order of magnitude. Table 2.2.2 gives the numerical failure frequencies.
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Table 2.2.2: Failure Frequencies in BWR Bins for Rupture Data
NRC BWR Bins - Carbon Steel | NRC BWR Bins - Stainless Steel

Normalized Normalized
Range Frequency Frequency Range Frequency Frequency

(Inches) (no. Events) (1/cal-yr) (Inches) (no. Events) (1/cal-yr)
0- 1.875 97 1.70E-04 0- 1.875 97 2.20E-04

1.875 - 3.25 10 1.76E-05 1.875 - 3.25 10 2.59E-05
3.25 -7 23 4.04E-05 3.25 -7 23 2.27E-05
7 -18 25 4.39E-05 7 -18 25 1.30E-05

18 - 41 4 7.02E-06 18 - 41 4 3.24E-06
>41 9 1.58E-05 >41 9 9.72E-06

2.2.2 Failure Frequencies: PWR and BWR Plant Type Ruptured Data

Figure 2.2.3 shows the frequency plot for the PWR plant type ruptured data set in PWR
bins against the NRC PWR failure frequencies. In Figure 2.2.3 the PWR plant type
failure frequencies for the smaller pipe sizes (Bins 1 through 3) are in good agreement
with the NRC PWR estimate failure frequencies. However, at the larger pipe sizes the
PWR rupture data set calculated a higher failure frequency then the NRC PWR estimated
failure frequencies. Table 2.2.3 gives the numerical failure frequencies.
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Table 2.2.3: PWR Rupture Data Set in PWR Bins
NRC PWR Bins

Range Frequency Normalized Frequency
(Inches) (no. Events) (1/cal-yr)
0- 1.625 88 1.87E-04
1.625-3 9 1.91E-05

3 - 7 19 4.03E-05
7-14 12 2.55E-05

14 - 31 7 1.49E-05
>31 4 8.49E-06

Figure 2.2.4 shows the frequency plot for the BWR plant type ruptured data set in BWR
bins against the NRC BWR failure frequencies. In Figure 2.2.3 the BWR plant type
failure frequencies for pipe sizes up to 41 inches (Bins 1 through 5) are in good
agreement with the NRC BWR estimate failure frequencies. However, at the largest bin
(>41 inches) the BWR rupture data set calculated a higher failure frequency then the
NRC BWR estimated failure frequencies. Table 2.2.3 gives the numerical failure
frequencies.
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PWR Bins, Ruptures and Failures Normalized to All Data for Material Type
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BWR Plant Ruptures, Normalized to All BWR Plant Events
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PWR Plant Ruptures, Normalized to All PWR Plant Events

1 .OOE-02

1 .OOE-03

--I

1 .OOE-04

U
am
= 1.OOE-05
a,
I.
a)

- 1.OOE-06

.IL
at

1-
0
z

1 .OOE-08

1 .OOE-09

1.OOE-10

.. .... .... .. _....... 

....
I

,- * PWRData'7

* PWR SS
-*PWR CS
-_. 5%
- - -Mean

----- 95%

0 5 10 15 20 25 30 35

Pipe Size (inches)

W 4UXX~ I y . Qt I, 1 4( ); SWoeM C



BWR Bins, Ruptures and Failures Normalized to All Data for Material Type
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BWR Bins - No Leaks or Cracks - All Data

I Bail I Bin 2 1 I Bin 3 1 Bin 4 1 Bin5 1 Bin6 I

Cs
Ss

CalefldarYearns

97
68

10
8

23 25
7 4

4 9
3

*1339OW

,Carbon Steel. I3WR NRC.Bins

Nonnalized Frev-mFY, Normalized.

Bins Total Entries (Meen) Total Events' i Frequency.

0 1.875 97 0.06774 2.00E-05

1.875 3.25 10 0.00698 2.06E-06

325 7 23 001606 474E.06

7 18 25 001746 5 .SE-06

18 41 4 0.00279 8.24E-07

41 greater 9 0.00628 1.85E-06
Sum 168

*Total Ca~b6nSteel Eventsfear...1 432.
CFR 50.46 Guldance . BWR

Normalized
Normalized Frequency Normalized Ffequency Frequency

Bins (5%) (Mean) 195%)

0

1.875
3.25

7
18
41 greater

1.815 2.30E-05
3.25 1.80E-06

7 2.40E-07
18 5.70E-08
41 1.00E-08

2.80.-1 1

5.I0E-04
1.20E-04
2.1012-05
8.60E-06
2.40E-06
2.S0E-09

1.90E-03
4.70E-04
8.00E-05
2.50E-05
6.90E-08
9.50E-09

NRC BWR Blns, CarbonSfeel _ _ _ _ NRC BWR Bins -Stainless Steel

Range Normalized Frequency Normaltzed Frequency Range Frequency (no. Normalized Frequency Normalized Frequency

(Inches) Frequency (no. Events) (l/calyr) (Total Events) (Inches) Events) (1/cat-yr) (Total Events)

0- 1.875 97 1.70E-04 2.ooe-05 0- 1.875 97 2.20E-04 1.83E-05

1.875-3.25 10 1.76E-05 2.06E-06 1.875 -3.25 10 2.59E-05 2.15E-06

3.25.7 23 4.04E-05 4.74E-06 3.25.7 23 2.27E-05 1 .88E-06

7.18 25 4.39E-05 5.151-06 7 -18 25 1.30E-05 1.08E-06

18 - 41 4 7.02E-06 8.24E-07 18-41 4 3.24E-06 2.69E-07

'41 9 1.581-05 I 1.85E-06 '41 9 9.72E-06 8.07E-07

fAtl to fiel rf vo 4
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Calendar Years 3390

StaifiesiS-RI-AtB NRC iBns

Normalized
Frequency

(Mean) Total Normalized
Bins Total Entrie Events Frequency

0 1.875 68 0 06199 1.83E-05
1.875 3.25 8 000729 2.15E-08
3.25 7 7 0 00638 1.88E-06

7 18 4 0 00365 1.08E-06
18 4t 1 0.00091 2.69E-07
41 greater 3 0.00273 8.07E-07

Sumn 91
Total SS Events 1097



PWR Bins - No Leaks or Cracks - All Data

I Bin I I Bin2 | | Bin3 | Bin4 | Bin 5 1 Bin6
Cs
Ss

97
69

10
8

23
7

16
3

11
2

12
2

Calendar Years

Carbon Steel - PWR NRC Bins

3390

Bin Minimum
Limit

Normalized
FrequietyBins Range Total Entries Normalized

1 0 0- 1.625 97 0.06774 2.OOE-05
2 1.625 1.625-3 10 0.00698 2.06E-06
3 3 3 - 7 23 0.01606 4.74E-06
4 7 7 - 14 16 0.01117 3.30E-06
5 14 14 - 31 11 0.00768 2.27E-06
6 31 >31 12 0.00838 2.47E-06

Sum 169
Total Carbon Steel Events 4A43aX

tFRi5O.46.Guldance-- PWR'
Normalized Normalized

Bins Minimum Normalized Frequency Frequency Frequency
Bins Limit Bin Maximum Limit (5%) (Mean) (95%)

1
2
3
4
5
6

0
1.625

3
7

14
31 greater

1.625 3.OE-04
3 4.9E-06
7 3.1E-07

14 6.OE-08
31 9.3E-10

1.OE-10

2.1 E-03
2.5E-04
1.8E-05
2.5E-06
6.1 E-08
4.6E-08

7.51E-03
9.3E-04
7.OE-05
9.6E-06
2.4E-07
1.7E-07

NRC PWR Bins - CarbonSteel |-NRC PWR Bins - Stainless-Steel

Range Frequency Normalized Frequency Normalized Frequency Range Frequency Normalized Frequency Normalized Frequency
(Inches) (no. Events) (1/cal-yr) Total Events (Inches) (no. Events) (11cal-yr) Total Events
0- 1.625 97 1.69E-04 2.OOE-05 0- 1.625 69 2.24E-04 1.86E-05
1.625-3 10 1.75E-05 2.06E-06 1.625-3 8 2.59E-05 2.15E-06

3 - 7 23 4.01E-05 4.74E-06 3 - 7 7 2.27E-05 1.88E-06
7 - 14 16 2.79E-05 3.30E-06 7 - 14 3 9.72E-06 8.07E-07
14 - 31 11 1.92E-05 2.27E-06 14 - 31 2 6.48E-06 5.38E-07

>31 12 2.09E-05 2.47E-06 >31 2 6.48E-06 5.38E-07
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Calendar Years

Sthlnle~ssSteelt PWR-NRC Bins

3390

Bins Minimum Bin Maxir
Limit LimitBins

-

1
2
3
4
5
6

0
1.625

3
7

14
31

num Normalized
Total Entries Normalized Frequency

1.625 69 0.06290 1.86E-05
3 8 0.00729 2.15E-06
7 7 0.00638 1.88E-06

14 3 0.00273 8.07E-07
31 2 0.00182 5.38E-07

2 0.00182 5.38E-07areater
Sum 91

Total SS Events I1097x
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Table 2.2.4: BWR Rupture Data Set in BWR Bins

NRC BWR Bins

Range Frequency Normalized Frequency
(Inches) (no. Events) (1/cal-yr)
0- 1.875 76 1.88E-04

1.875 - 3.25 9 2.23E-05
3.25 -7 11 2.73E-05
7 -18 12 2.97E-05

18 - 41 3 7.44E-06
>41 8 1.98E-05

2.2.3 Effect of National Transportation Safety Board Data

The figures and tables in section 2.2 evaluated the effect of the NSTB data. In Section
2.2.1, if the NSTB ruptures were included the normalized failure frequency would
increase slightly for the carbon steel pipes. In Section 2.2.2, the NTSB ruptures were not
included due to the inability to segregate the ruptures into a PWR or BWR plant specific
failure.
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2.3 Plant Data

The United States Light Water Reactor designs may be divided into Pressurized Water
Reactors (PWR) and Boiling Water Reactors (BWR). Though many similarities exist
between these two plants designs, each design has different system parameters that will
affect pipe leakage and failures. More specifically, the operating pressure of a PWR is
roughly double that of a BWR. Also, the physical plants designs employ a different
range of pipe sizes. Due to the different pipe sizing used in each plant design, the NRC
found in necessary to create different bin sizes for the piping failure frequency. Because
of the different operating conditions and different size of the piping used it was found to
be useful to break down the collected data into PWR and BWR sections for comparison.

2.3.1 Pressurized Water Reactor Data Set

The PWR data was broken up into the prescribed bin size used by the Nuclear Regulatory
Commission (NRC) [1]. Table 2.3.1 displays all PWR data collected and the normalized
frequency of the data.

Table 2.3.1: All Collected PWR Data
Range Total Normalized Frequency

(in) Entries (1/cal-yr)
0-1.625 879 1.48E-04
1.625-3 182 3.07E-05

3-7 179 3.02E-05
7-14 413 6.97E-05

14-31 83 1.40E-05
>31 12 2.03E-06

There were a total of 1748 usable pipe failure incidents found in PWR operating systems.
A plot for comparison between the collected PWR data and the NRC mean, 5% and 95%
failure frequencies per calendar year is shown in Figure 2.3.1. The data was estimated
for the U.S. nuclear fleet at the end of the original licenses. Figure 2.3.1 displays an
agreement between the NRC data and the collected data at lower bin sizes; however,
deviations between the two data sets occur as bin size increases.
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Figure 2.3.1: All Collected PWR Data Failure Frequency

To further analyze the PWR pipe failure frequency, the pipe data was broken into carbon
and stainless steel incidents. Table 2.3.2 and Table 2.3.3 show the PWR plant failures
subdivided by pipe material.

Table 2.3.2: PWR Carbon Steel Failures
Range Total Normalized Frequency

(in) Entries (l/cal-yr)
0-1.625 432 1.17E-04
1.625-3 117 3.17E-05

3-7 143 3.87E-05
7-14 314 8.50E-05
14-31 75 2.03E-05
>31 9 2.44E-06

Table 2.3.3: PWR Stainless Steel Failures
Range Total Normalized Frequency

(in) Entries (l/cal-yr)
0-1.625 447 2.00E-04
1.625-3 65 2.91E-05

3-7 36 1.61E-05
7-14 99 4.44E-05
14-31 8 3.59E-06
>31 3 1.34E-06
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The PWR data collected has a total of 1090 carbon steel failure compared to 658 stainless
steel failures. Figure 2.3.2 compares the PWR carbon and stainless steel failure data
collected to the NRC mean 5% and 95% failure frequencies per calendar year. The
carbon steel has a higher failure frequency then the stainless steel, which is expected.
Both were significantly higher than the NRC predicted failure frequencies.
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Figure 2.3.2: Carbon and Stainless Steel PWR Data Failure Frequency

2.3.2 Boiling Water Reactor

The BWR data was broken up into the prescribe bin size used by the Nuclear Regulatory
Commission (NRC) as discussed Section 1.4.1. Table 2.3.4 displays all BWR data
collected and the normalized frequency of the data.

Table 2.3.4: All Collected BWR Data
Range Total Normalized Frequency

(in) Entries (1/cal-yr)
0-1.875 426 1.62E-04

1.875-3.25 78 2.97E-05
3.25-7 118 4.49E-05
7-18 114 4.34E-05

18-41 31 1.18E-05
>41 8 3.05E-06
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A total of 775 pipe failures were collected from BWR plant operation. A similar plot to
Figure 2.3.1 is shown in Figure 2.3.3 for the comparison between the collected BWR data
and the NRC mean 5% and 95% failure frequencies per calendar year. Similar to the
PWR failure frequencies, the BWR data agreed well with the NRC data at lower bin sizes
and began to diverge from the NRC data at larger bin sizes. For the bin 5 data, the
comparison was better with the NRC BWR predicted frequency than the NRC PWR
predicted frequency.
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Figure 2.3.3: All Collected BWR Data Failure Frequency

The BWR data was also divided into carbon and stainless steel failure incidents, which
are displayed in Table 2.3.5 and Table 2.3.6.

Table 2.3.5: BWR Carbon Steel Failures
Range Total Normalized Frequency

(in) Entries (1/cal-yr)
0-1.875 177 1.55E-04

1.875-3.25 32 2.80E-05
3.25-7 51 4.46E-05
7-18 49 4.29E-05

18-41 22 1.93E-05
>41 6 5.25E-06
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Table 2.3.6: BWR Stainless Steel Failures
Range Total Normalized Frequency

(in) Entries (l/cal-yr)
0-1.875 249 1.68E-04

1.875-3.25 46 3.1 OE-05
3.25-7 67 4.51E-05
7-18 65 4.38E-05
18-41 9 6.06E-06
>41 2 1.35E-06

A total of 337 carbon steel failures in BWRs were found compared to 438 total BWR
stainless steel failures. Figure 2.3.4 compares the BWR carbon and stainless steal failure
data collected to the NRC mean, 5% and 95% failure frequencies per calendar year.
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Figure 2.3.4: Carbon and Stainless Steel BWR Data Failure Frequency

2.3.3 Plant Data Conclusion

The comparison of the PWR and BWR plant data collected for this report showed similar
failure frequencies at the NRC report, however at larger bin sizes significant deviations
between the two data sets were observed. The BWR data collected showed better
comparison to the NRC data than the PWR data collected for the larger bin sizes.
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The NRC BWR estimated failure frequency in bin 5 was one to two orders of magnitude
higher than the NRC PWR estimated failure frequency for the same bin. This trend was
not observed in the collected data. The failure frequencies for all PWR data, PWR
stainless steel data, PWR carbon steel data, all BWR data, and BWR carbon steel data
were all on the order of 10-5 failures per calendar year. The BWR stainless steel failure
frequency was slightly lower, on the order of 106 failures per calendar year.

33



NPP Piping Failures
6 April 2005

2.4 Failure Mechanisms

The failure mechanisms were evaluated for the PWR, BWR, all, carbon steel, and
stainless steel data sets using percentages. The percentages were obtained by dividing the
numberof occurrences of a given failure mechanism in a bin by the total number of
failures for the bin. Eight failure mechanisms were chosen to evaluate the percent
occurrence of a given failure mechanism. The ninth failure mechanism was an "other"
category. The other category consisted of the Bush data, which listed failure mechanisms
as othqr, unknown, or not given and the irregular failure mechanisms.

2.4.1 Failure Mechanism: PWR Data Set

Table 2A.lI below lists the failure mechanisms observed in the Pressurized Water Reactor
(PWR) data set and the percent the failure mechanism occurred in a given PWR bin. The
PWR bin sizes were explained in Section 1.4.1. For the PWR data set no occurrences of
aging or flow assisted corrosion (FAC) occurred. For Bin I fatigue was the dominating
failure mechanism and for the rest of the bins fatigue pipe failures were minimal. In bin
6 the dominating failure mechanism was corrosion. Appendix D contains the numerical
data for the calculated percentages.

Table 2.4.1: Failure Mechanisms for the PWR Data Set in PWR Bins
Bin I Bin 2 Bin 3 Bin 4 Bin 5 Bin 6

Failure Mechanism (%/0) ( (%) () (%/)
Aging 0.00 0.00 0.00 0.00 0.00 0.00
Corrosion 20.17 11.46 34.94 43.31 16.13 5833
Defects, Construction Errors 11.54 17.36 1.14 13.52 17.56 0.00
Wear 0.29 2.26 0.00 0.13 0236 0.00
WaterHammer 1.45 0.87 0.57 0.39 0.36 16.67
Flow Assisted Corrosion (FAC) 0.00 0.00 0.00 0.00 0.00 0.00
Fatigue 29.29 6.60 4.55 0.66 2.51 0.00
Intergranual Stress Corrosion
Cracking (IGSCC) 10.67 19.10 16.76 17.45 9.32 0.00
Other 26.58 4236 42.05 24.54 53.76 25.00

2.4.2 Failure Mechanism: BWR Data Set

Table 2.4.2 below lists the failure mechanisms observed in the Boiling Water Reactor
(BWR) data set and the percent the failure mechanism occurred in a given BWR bin.
The BWR bin sizes were explained in Section 1.4.1. For the BWR data set no
occurrences of flow assisted corrosion (FAC) occurred. For Bin I other was the
dominating failure mechanism. Bin 2 corrosion was the dominating failure mechanism.
For Bins 3, 4, and 5, intergranual stress corrosion cracking was the dominating failure
mechanism. Appendix D contains the numerical data for the calculated percentages.
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Table 2.4.2: Failure Mechanisms for the BWR Data Set in BWR Bins
Bin I Bin 2 Bin 3 Bin 4 Bin 5 Bin 6

Failure Mechanism (%) (%) (%) (%) (%) (%)
Aging 0.21 0.00 0.00 0.00 0.00 12.50
Corrosion 15.02 33.33 26.15 22.81 35.48 0.00
Defects, Construction Errors 11.93 11.54 6.15 7.02 6.45 0.00
Wear 0.00 0.00 0.77 0.00 0.00 0.00
Water Hammer 1.23 2.56 2.31 0.88 0.00 12.50
Flow Assisted Corrosion (FAC) 0.00 0.00 0.00 0.00 0.00 0.00
Fatigue 25.10 11.54 6.15 7.02 0.00 0.00
Intergranual Stress Corrosion
Cracking (IGSCC) 9.88 12.82 40.77 44.74 35.48 0.00
Other 36.63 28.21 17.69 17.54 22.58 75.00

2.4.3 Failure Mechanism: Summary

Table 2.4.3 below lists the percentage of occurrences for the failure mechanisms
observed in all, stainless steel pipes only, carbon steel pipes only, PWR, and the BWR
data sets. For stainless steel and carbon'steel pipes corrosion and intergranual stress
corrosion cracking contributed the most to the pipe failures. Flow Assisted Corrosion
(FAC) did not occur in any of the data sets and aging caused minimal failures. Stainless
steel pipes encountered more failures due to fatigue then carbon steel pipes. Carbon steel
pipes have more failures due to corrosion then stainless steel. If the "other" failure
mechanism is excluded because it is a combination of irregular failure mechanisms then
IGSCC or corrosion is the dominating mechanism for each data set. Appendix D
contains the numerical data for the calculated percentages.

Table 2.4.3: Summary of Failure Mechanisms
All SS CS PWR BWR

Failure Mechanism (%) (%) (%/) (%) (%)
Aging 0.05 0.00 0.09 0.00 0.24
Corrosion 24.59 11.69 33.55 25.86 20.07
Defects, Construction Errors 11.92 12.77 11.33 12.45 10.04
Wear 0.49 0.13 0.75 0.60 0.12
Water Hammer 1.06 0.63 1.36 0.93 1.53
Flow Assisted Corrosion (FAC) 0.00 0.00 0.00 0.00 0.00
Fatigue 13.35 20.61 8.30 12.22 17.36
Intergranual Stress Corrosion Cracking
(IGSCC) 15.83 25.22 9.31 14.54 20.43
Other 32.70 28.95 35.31 33.40 30.22

2.4.4 Effect of National Transportation Safety Board Data

For Section 2.4, the NTSB data set was insignificant due to the number of data points
acquired. Therefore, the NSTB data was not included in this section.
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3.0 Conclusions

Data from piping failures in nuclear power plants and other industry were compared to
the failure frequencies predicted by the NRC. The data was divided by materials into
stainless steel and carbon steel, by failure type into leaks and cracks versus ruptures,
severances, and breaks, and by plant type into pressurized water reactor (PWR) and
boiling water reactor (BWR).

In general the failure frequencies calculated from the data agreed well with the NRC
estimates for small pipe sizes; for larger pipe sizes the calculated failure frequency was
generally higher than the NRC estimates.

Better agreement was seen in large pipe sizes when the data was compared to the NRC
BNWR failure frequencies. This may be due to the NRC's higher failure frequency in bin
5 for BWRs than PWRs.

The data indicated failure frequencies on the same order of magnitude regardless of
whether the data was classified into PWR and BWR bins. This was observed for the
database in general and for subsets of the database.
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Station Plant Type Date System Name Pipe Size Break Def References Failure Mechnism Comments - Material

OconebilV BWR 5/19/1973. Instnument iine 0.125 Leakc ________ Unknown lube leak, unknown cause Ss
LaCrosse BWR 5/11/1973 Core spray 0.25 Leak ________Unknown Stress Corrosion Ss

ORNL-NSIC-
Dresden 3 B'WR~ *4/2511 975 Main steam -70.25 -Severed 126:102289 -Construction Detect/Errors Maintenance error Cs
Oyster Creek BWR 4/25/1976 Flow sensor 0.25 Leak Fatigue-Vibrational Fatigue-vibration Ss

Dresden 3--7--- -BWR7' 11/8/1 976' Instrument fine' 0.25" Leak 76-033 -Construction Defect/Errors Cross-threaded Ss
Robinson 2 PWR 12/2/1976 service water 0.25 failed 80-030/3L fatigue-vibrational fatigue-vibration Cs
Oconee 1 BWR 1/26/1977 Instrument line 0.25 Leak -. Unknown Plugged tubes Ss
Palisades PWR .2/1111977 Component cooling 0.25 Leak Fatigue-Vibrational Fatigue-Vibrational Cs
Salem 1 PWR 5/19/1977 component cooling 0.25 leak 81-053 other personnel error - Cs
Sequoyah 2 PWR. 11/1111977 instrument line 0.25, leak. 81-1 36 . fatigue-vibrational fatigue-vibrational Ss
Dresden 1 BWR 213/1978 Reactor Water Cleanup 0.25 Rupture RO 78-8 Other Frozen line Ss
Calvert Cliffs 2 PWR 3/16/1980 Service water. 0.25 leak 80-017 Erosion/Corrosion Erosion/Corrosion Cs
Oyster Creek BWR- 10/2/1980 Core spray 0.25 Leak Fatigue-Vibrational Fatigue-vibration. Ss___

- . .. * -. .~, .* -Test tubing cracked.-
Hatch 2 BWR - 11/13/1980 Residual heat removal -0.25 Leak ________other - vrtesd-SS'

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ e a c or C O ~ ant0 2 5e a. . . . . - - E rosio n /C o rro sio n o f fa n
Indian Point 3 i PWR i121511980 Reactor__Coolant __ 0.2 Lek Erosion/Corrosion cooler tube.., Ss
Browns Ferry 2 BWR 7/1/11981 Residual Heat Removal 0.25 Leak 81-031 Corrosion/Fatigue Corrosion/Fatigue sS

- . ~. .. .., *. . - Erosion/Corrosion of fan
Indian Point 3 PWR :12/8198al Reactor Coolant 0.25 Leak Erosion/Corrosion cooler tube. Ss

Erosion/corrosion, capillary
McGuire I PWR 6/20/1982' Containment heat removal 0.25 LekErosion/Corrosion - ine -*Cs --

Browns Ferry 1 BWR - 8/28/1982 Residual Heat Removal 0.25 Severed 82-074 Construction Defect/Error Maintenance Error Ss
Kewaunee PWR 12/6/1983 Reactor Coolant 0.25 Leak Erosion/Corrosion Erosion of cooling coils Ss

Leaked thermocouple tube,
Catawba 1 PWR 10/23/1984 Instrument line 0.25 leak 84-018 -unknown separation of fitting Sss

Indian Point 2' PWR 10/4/1985' Containment heat removal 0.25 'Leak _________Unknown Leaked tube In fan cooler Cs
* . erosion/corrosion,

Salem 1 PWR 11/29/1986 service waler 0.25 leak 90-026-04 eroslon/corrosion Instrument tubing leak Cs
Chemical and volume

Dresden 3 .- BWR lIl01/1 974 control 0.275 Failed IORNL NSIC 095883 Construction Defect/Errors Maintenance error .Ss

NPE PWR-2-XIV-
Point Beach 2 PWR 8/31/1970 isample fines 0.375 leak lNo. 16 not given . .- Cs
Yankee Rowe PWR 12/1/1970. thimble tube 0.375 leak Ltr DL 8/30/74 unknown unknown cause,. Ss

Oconee 1 BWR 7/5/1 973 Instrument fine 0.375 Leak ________Unknown. .tblekunowcase Ss
Kewaunee PWR 2/8/1974 Instrument fine 0.375 Crack/Leak ________Unknown Unknown cause Ss
Kewaunee PWR 4/18/1974 Instrument line 0.375 Crack/Leak ________ Unknown Unknown cause -. Ss
Kewaunee PWR 7/9/1974. instrument line 0.375 Leak _________Unknown Fatigue-Vibration Ss
Oconee 3 BWR 110/29/1974 lCore spray 0.375 1 Leak __________Fatigue-Vibrational Fatigue-vibration SS
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Statton Plant Type Date System Name Pipe Size Break Def References Failure Mechnlsm Comments Material
RO 74-01, AO 74- Stress Corrosion Cracking, Leaked weld (1/3), IGSCC,

ANO1 PWR 1119/1974 Instrument Une 0.375 Leak 12 IGSCC -' --- - poorweld SS
RO 74-01, AO 74- Stress Corrosion Cracking, Leaked weld (2/3), IGSCC,

ANO1 PWR 11/911974 Instrument Une 0.375 Leak 12 IGSCC poor weld Ss
RO 74-01, AO 74- Stress Corrosion Cracking, Leaked weld (3/3), IGSCC.

ANO1 PWR 11/9/1974 Instrument Une 0.375 Leak 12 IGSCC poorweld SS
Oconee 1 BWR 11/12/1974 1alety injection 0.375 Leak Fatigue-Vibrational Fatigue-vibrational Ss

Construction Improper weld, construction
Millstone 2 PWR 10/18/1975 Instrument line 0.375 Leak Defects/Errors defect Ss
Indian Point 3 PWR 4/15/1976 Pressurizer 0.375 Leak Fatigue-Vibrational Faligue-Vibrational SS
Millstone 2 PWR 1/12/1977 Safety Injection 0.375 Leak Fatigue-Vibrational Fatgue-vibration Ss

poor weld, construction
Surry 1 PWR 5/2311978 steam 0.375 leak 82-024 construction defect/errors defect CS
Yankee Rowe PWR 10/8/1978 coolant recirculation 0.375 leak 82-034 thermal fatigue thermal fatigue SS

Surry 2 PWR 9/20/1979 coolant recdrculation 0.375 leak 83-038 construction defect/errors construction defectseors Ss
Trojan PWR 9/16/1980 pressurizer 0.375 leak PNO-V-84-062 unknown loose fitting SS

leak at swage lock,
Grand Gulf BWR 10/20/1980 Component cooling 0.375 Leak Part 21 Report Unknown unknown cause CS
Calvert Cliffs 2 PWR 11/9/1981 Reactor Coolant 0.375 leak 81-051 Fatigue-Vibrational Fatigue-vibration Ss
Hatch 1 BWR 2/12/1982 Reactor Coolant 0.375 Leak Fatigue-Vibrational Fatigue-Vibrational SS

Fatigue-vibration, cracked
Fort Calhoun PWR 3124/1982 Component cooling 0.375 Leak 82-007 Fatigue-Vibrational tube in diesel generator CS

Construction defects/errors
Indian Point 2 PWR 4/22V1983 Containment heat removal 0.375 Leak Construction Defect/Errors during inspection CS
Ginna PWR 6/2011983 Pressurizer 0.375 Leak 83-025 Thermal FaUgue Thermal Faigue SS
Salem 1 PWR 12/6/1986 residual heat removal 0.375 leak 90-026-04 erosion/corrosion erosion/corrosion Ss
Salem 1 PWR 12/11/1986 residual heat removal 0.375 leak 90-026-04 erosion/corrosion - erosion/corrosion sS
Cook 1 PWR 9/7/1988 Reactor Coolant 0.375 leak PNO-111-88-079 Fatigue-vibrational' fatigue-vibration SS

_ _ _ Sensign Une seal leak,
ANO2 PWR 9/22V1988 Flow Sensor 0.375 Leak PNO-IV-88-062A Corrosion/Fatigue corrosion/fatigue SS

; _ .Intercooler tube rupture
Grand Gulf BWR 9/30/1988 Component cooling 0.375 Leak Part 21 Report Other from freezing CS

special report OSR- leaked tube due to failed
Zion 1 PWR 12/30/1988 flow sensor 0.375 leak 008-93 unknown fittings SS
San Onofre 3 PWR 9/18/1992 RCS 0.375 leak 96-004 fatigue-vibrational Ss

missing connection plug on
drywell penetration.

Turkey Point 4 PWR - 10/14/1970 reactor coolant 0.5 leak AO 74-14. construction defect/errors personnel error SS
Point Beach 2 PWR 8/11/1972 boric acid 0.5 leak 76-013 fatigue-vibrational fatigue-vibration SS
Three Mile Island 1 PWR 3/2311974 service water 0.5 leak 78-017 unknown - - damaged weld joint - - CS
Three Mile Island 2 PWR 3/23/1974 residual heat removal 0.5 leak 78-017 fatigue-vibrational fatigue-vibrational - - SS
Browns Ferry 1 BWR 9/1/1974 Service Water 0.5 Failed AO 74-43 Fatigue-Vibrational Fatigue-vibrational (1/2) CS
Browns Ferry 1 BWR 9/11974 Service Water 0.5 Failed AO 74-43 Fatigue-Vibrational Fatigue-vibrational (2/2) CS
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Station Plant Type Date System Name Pipe Size Break Def References Failure Mechnism Comments Material

Browns Ferry 1 BWR 9/20/1974 |RHR 0.5 Failed ROBFAO-7448T Fatigue-Vibrational SS
RO BFAO-50-260-

Browns Ferry 2 BWR 9/20/1974 Residual Heat Removal 0.5 Failed 7448T Fatigue-Vibralfonal Fatiguelvibrational SS
Leaks at 3 threaded joints,

Dresden 1 BWR 10/17/1974 Main steam 0.5 Leak AO 74-15 Eroslon/Corroslon erosion CS

AN10 PWR 1/23/1975 Makeup System 0.5 Leak AO 75-02 Construction Defect/Error Construction Defect/Error SS
GInna PWR 6/17/1975 Instrument line 0.5 Failed AO Water Hammer Water Hammer SS
Peach Bottom 3 BWR 6/25/1975 steam 0.5 leak PNO-79-194 fatigue-vibrational fatigue-vibration CS
Monticello BWR 811/1975 Service water 0.5 Leak _ Fatigue-Vibrational -- CS
Monticello BWR 8/18/1975 Reactor water cleanup 0.5 Leak Fatigue-Vibrational Fatigue-vibrational SS

Monticello BWR 8/26/1975 Reactor water deanup 0.5 Leak Construction Defect/Errors Construction defect SS

Ginna PWR 12114/1975 Feedwater 0.5 Leak 75-012 Construction Defect/Errors Construction Defect/Errors CS
Monticello BWR 2/20/1976 Condensate 0.5 Leak Erosion/Corrosion Erosion from steam CS

.. Cracked weld due to
ANO1 PWR 5/2611976 Flow Sensor 0.5 Leak RO 76-10 Fatigue-Vibrational vibration or Improper fit SS -
Monticello BWR 8/2/1976 Steam 0.5 Leak Erosion/Co rrosion Lrosionicorrosion. CS

Residual Heat Removal . . - Leaked welds on valve,
ANOI PWR 8/2811976 Socket Weld 0 5 Leak RO 76-24 Fatigue-Vibrational fatigue-vibration SS
Calvert Cliffs 2 PWR 5/1/1977 instrument line, 0.5 leak 77-030 - fatigue-vibrational cracked weld - - - - SS--
Calvert Cliffs 2 PWR 5/11/1977 safety Injection 0.5 leak 77-035 fatigue-vibrational fatigue-vibration SS

threaded connection backed
Salem 2 PWR 513111977 SWS- 0.5 leak- NPE VYI.C.72 - not given off * CS-

chemical and volume
Salem 2 -- PWR '6/22/1977 control - 0.5 leak 81-038 fatigue-vibrational fatigue-vibrational SS
ANO1 PWR 8/24/1977 Makeup System 0.5 Leak RO 77-17 Unknown Unknown Cause SS
Calvert Cliffs 2 PWR 1017/1977 Instrument line 0.5 leak 77-073 Fatigue-vibrational fatigue-vibration SS

pipe leaked during
Salem 2 PWR t 11/911977 service water - 0.5 leak 81-118 construction defect/errors maintenance work, error CS
Quad Cities 1 BWR 817/1978 residual heat removal 0.5 leak 82-021 fatigue-vibrational fatigue-vibration SS
Quad Cities 1 BWR 8112/1978 residual heat removal 0.5 leak 182-021 fatigue-vibrational fatigue-vibration SS
Three Mile Island 2 PWR 2/1511979 fire protection I 0.5 leak 83-004 other: frozen pipe CS
Monticello BWR 7/9/1979 Instrument line 0.5 Leak Fatigue-Vibrational - Fatigue-Vibrational Ss

Through wall leak due to
Calvert Cliffs 1 PWR 1/26/1980 Containment heat removal 0.5 Leak 80-008 Other wear CS

High pressure core
Duane Arnold BWR 1/28/1980 injection 0.5 Leak 80-003- Unknown Damaged nipple pipe fitting SS

Corrosion cracking of nipple
Browns Ferry I BWR 61211980 Flow Sensor - 0.5 Leak 80-048 Corroslon - threading:. -- - -- , Ss
ANO2 PWR 11/3/1980 Flow Sensor 0.5 Leak 80-086 Fatigue-Vibrational Fatigue-vibration SS
Big Rock Point BWR 12/12/1980 RWCU 0.5 Leak LER 96-001 IGSCC Branch connect SS

Maine Yankee I PWR 12/23/1981 Coolant recirculation 0.5 . Leak Unknown Cracking, unknown cause SS
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Station Plant Type Date System Name Pipe Size Break Def References Fal ure MechnIsm Comments Material

- - -
3 pinhole leaks next to a
weld. Sensing line replace,

Hatch I BWR 1/1911982 Coolant recirculation 0.5 Leak Unknown unknown Ss

Dresden 3 BWR 3/1711982 Containment heat removal 0.5 Leak 82-014 Erosion/Corrosion Erosion/Corrosion CS

Cook 2 PWR 5/20/1982 Service Water 0.5 leak 82-046 Construction Defect/Errors Construction Defect/Errors CS
Oyster Creek BWR 6/16/1982 Condensate 0.5 Severed Fatigue-Vibrational Fatigue-vibrational CS

Big Rock Point BWR 10/27/1982 Containment heat removal 0.5 Leak 82-029 Construction Defect/Enror Construction Defect/Error Cs
Big Rock Point BWR 10129/1982 Flow Sensor 0.5 Leak RO Unknown Unknown Cause SS
LaSalle I BWR 11/18/1982 Reactor water cleanup 0.5 Leak Fatigue-Vibrational Fatigue-vibrational SS
Browns Ferry 1 BWR 12/8/11982 Core Spray 0.5 Leak 82-099 Fatigue-Vibrational Fatigue-Vibrational Ss

LaSalle 1 BWR 3/2G/1983 Main steam 0.5 Leak Construction Defect/Errors Construction defect/errors CS
Poor weld, Construction

Big Rock Point BWR 8/15/1983 Flow Sensor 0.5 Leak 83-008 Construction Defect/Error defect Ss
Big Rock Point BWR 8/15/1983 Flow Sensor 0.5 Leak RO Unknown Unknown Cause Ss
Indian Point 2 PWR 10/11/1983 Feedwater 0.5 Failed Unknown Nipple failure CS

Calvert Cliffs 2 PWR 11/2311983 Containment heat removal 0.5 Leak 83-062 Fatigue-Vibrational Fatigue-vibrational CS
Leaked compression tube
fitting on flow sensor,

Catawba 1 PWR 10/10/1985 Reactor Coolant 0.5 leak 85-059 Construction defectlerrors untightened fitting, error SS
corrosion. Pipe painted for

Salem 2 PWR 12/19/1986 service water 0.5 leak 90-042 corrosion protection CS
thimble tube leakage due to

Trojan PWR 1/21/1987 instrument line 0.5 leak 91-002 [10-91:2941 fatigue-vibrational vibration SS
Calvert Cliffs 2 PWR 3/24/1987 Service Water 0.5 Leak 87-003 Erosion/Corrosbon Erosion/Corrosion CS
Calvert Cliffs 1 PWR 5/7/1987 SIS - 0.5 Leak NPE VIIA552 Fatigue-Vibrational SS
Calvert Cliffs 2 PWR 5/7/1987 15ervice Water 0.5 Leak 87-004 - rosion/Corrosion trosionJCorrosion CS
Turkey Point 4 PWR 6/15/1988 main steam 0.5 leak ACN:9207060014 erosion/corrosion CS

_ High pressure core . Fatigue-vibrational, poor
Fitzpatrick BWR 9/17/1991 injection 0.5 Leak 91-019 (11-91:521 Fatigue-Vibrational weld SS

Ginna PWR 10/11/1991 Service Water 0.5 Leak RO Construction Defect/Errors Defect copper tubes CS
Construction Installation error,

Umerick 2 BWR 3/15/1994 Instrument line 0.5 Leak Defects/Errors construction defect SS
Leak at valve stem leak off

Millstone 3 PWR 12/2/1995 RHR 0.5 Leak Not Given pipe Ss
Fermi 2 BWR 5/28/1988 Instrument line 0.625 Leak PNO-111-88-052 Water Hammer Water Hammer SS
Ginna PWR 9/3/1991 Service Water 0.625 Leak Spedal Report Unknown Unknown cause CS

fatigue-vibration, leaked
Calvert Cliffs 2 PWR 5/11/1977 Reactor Coolant Vent Line 0.74 leak 77-038 fatigue-vibrational sealants SS
Zion 1 PWR 6/8/1969 service water 0.75 breakage DL Itr 6/20/73 fatigue-vibrational fatigue-vibration - CS

I - ,-Page 4
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Station PlantType Date System Name Pipe Size Break Def References Failure Mechnism Comments Material

Zion 1 PWR 7/31/1969 charging pump relief line 0.75 severed fatigue-vibrational letter DL S SS
letter to NRC

Zion 1 - PWR 11124/1969 charging line 0.75 leak 1116/73- construction defect/errors- construction defect.. - SS
Zion 1 PWR 12/5/1969 reactor coolant 0.75 leak Ltr DL 12/6173 fatigue-vibrational fatigue-vibration SS
Zion 2 PWR 1/16/1970 control rod drive 0.75 leak letter 6/29/74 stress corrosion/IGSCC stress corrosion SS

Quad Cities I BWR 4/12/1970 condensate 0.75 rupture NUREG/CR-2781 unknown failed rubber expansion joint CS
Quad Cities 2 BWR 6/18/1970 feedwater 0.75 leak AO 74-14 fatigue-vibrational fatigue-vibrational CS
Point Beach 2 PWR 9/22/1970 reactor coolant 0.75 leak, AO 74-25 fatigue-vibrational fatigue-vibration SS
Zion 2 PWR 9/30/1970 charging line 0.75 leak NPE VIII.A.64 fatigue-vibrational Ss

poor fit between pipe and
Turkey Point 4 -- PWR 10/20/1970 safety Injection 0.75 leak AO 74-7 construction defect/errors coupling SS
Zion 2 PWR 10/31/1970 pressurizer 0.75 leak AO 50-304/74-43 fatigue-vibrational fatigue-vibration SS
Turkey Point 4 PWR 11/7/1970 SIS 0.75 leak AO-74-7 fatigue-vibrational SS
Zion 2 PWR 11/20/1970 pressurizer 0.75 leak AO 50-304/74-48 fatigue-vibrational fatigue-vibration - Ss
Zion 2 PWR 12/30/1970 reactor coolant 0.75 crack/leak AD 74-56 fatigue-vibrational fatigue-vibrational Ss
Point Beach 1 PWR 12/31/1970 service water 0.75 severed Ltr DL; 1/22/75 fatigue-vibrational fatigue-vibration CS
Turkey Point 4 PWR 1127/1971 SIS vent line - 0.75 leak- letter DR -- Installation error . Ss

poor weld, construction
Quad Cities 1 BWR 2/2211971 reactor coolant 0.75 leak AO 75-5 construction defectlerrors defect SS
Zion 2 - PWR 4/27/1971 reactor coolant ,.... 0.75 leak AO 75-19 - fatigue-vibrational - - fatigue-vibration . .,, - SS
Quad Cities 2 BWR 5/19/1971 reactor water cleanup 0.75 breakage AO 75-19 fatigue-vibrational fatigue-vibrational - .S
Quad Cities I BWR 5/22/1971 reactorwaterdceanup 0.75 leak AO fatigue-vibrational fatigue-vibration Ss

- 3rd Semiannual - - .
Report under

Ginna PWR 5/28/1971 Pressurizer 0.75 Leak shutdown Stress Corrosion/iGSCC IGSCC Ss
Prairie Island 2 PWR 5/31/1971 RHR . .- 0.75 leak - NPE Viii.B.73 improper support - SS
Zion 2 PWR 6/15/1971 pressurizer 0.75 leak AO 50-304/75-26 fatigue-vibrational fatigue-vibrational SS

improper support of pipe,
Prairie Island 1 - PWR 6/26/1971 Iresidual heat removal.:- -- 0.75 i leak- AO 75-22A design-dynamic load dynamic load. Ss
Three Mile Island 1 PWR 7/10/1971 makeup system 0.75 leak AO 75-22 fatigue-vibrational fatigue-vibrational Ss
Palisades PWR 8/19/1971 Pressurizer 0.75 Leak Fatigue-Vibrational Fatigue-Vibrational Ss
Quad Cities 2 BWR 8/30/1971 feedwater . - 0.75 - failed 75-036 fatigue-vibrational fatigue-vibrational CS
Indian Point 1 PWR 9/9/1971 Reactor Coolant 0.75 Leak Fatigue-Vibrabonal Fatigue-Vibrational. .SS

Peach Bottom 2 BWR 11/811971 residual heat removal 0.75 leak AO 75-72 fatigue-vibrational fatigue-vibration SS
Oyster Creek BWR 12/11/1971 Residual heat removal 0.75 Failed Fatigue-Vibrational Ss
Palisades PWR 12/28/1971 Atm dump 0.75 Leak Fatigue _ SS _
Quad Cities 1 BWR 1/4/1972 reactor coolant 0.75 leak RO 76-001 fatigue-vibrational fatigue-vibration SS

Isolation condenser vent . .

Oyster Creek BWR 1/12/1972 line 0.75 Leak Fatigue-Vibrational CS
St. Lucie 2 PWR 2125/1972 residual heat removal 0.75 leak NSIC 138 fatigue-vibrational fatigue-vibrational Ss
Oyster Creek BWR 2/26/1972 Service water 0.75 Leak Fatigue-Vibrational Fatigue-vibration CS

Nozzle I of 21 nozzles
Oconee 1 BWR 3/1/1972 In core Instrument nozzle 0.75 Failed~ . Not Given broke off, 14 were cracked Ss
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Station Plant Type Date System Name Pipe Size Break Ded References Failure MechnIsm Comments Material

Nozzle I of 21 nozzles
Oconee I BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off. 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off. 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off, 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off, 14 were cracked SS

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off. 14 were cracked Ss

Nozzle 1 of 21 nozzies
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed I _Not Given broke off. 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee I BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off, 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off, 14 were cracked SS

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core Instrument nozzle 0.75 Failed Not Given broke off, 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed I _Not Given broke off, 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core Instrument nozzle 0.75 Failed Not Given broke off. 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee I BWR 3/1/1972 In core instrument nozzle 0.75 Failed I _Not Given broke off. 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off. 14 were cracked Ss

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core Instrument nozzle 0.75 Failed ________Not Given broke off, 14 were cracked SS

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1 972 In core instrument nozzle 0.75 Failed _______ Not Given broke off, 14 were cracked Ss

1-)~ -. Page 6
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Station PlantType Date- - System Name PipeSze BreakDef - References - Failure Mechnism- - Comments*- Material... a- -a- e, . --

Nozzle 1 of 21 nozzles
Oconee 1 BWR 3/1/1972 In core instrument nozzle 0.75 Failed Not Given broke off. 14 were cracked SS

Nozzle 1 of 21 no&les
Oconee I BWR 3/111972 In cre Instrument nozzle 075 Failed - Not Given - broke off. 14 were-cracked SS

Nozzle 1 of 21 nozzles
Oconee1 BWR 3/1/1972 In core Instrument nozze -_ 0.75 - Failed Not Given - --- broke off, 14 were-cracked SS

- -
,_ .. Nozzle 1 of 21 n6zzls .

Oconee 1 BWR 311/1972 In core Instrument nozzle 0.75 Failed Not Given broke off. 14 were cracked SS

Nozzle 1of 21 nozzles
Oconee I - WR- 3/1/1972 - In core Instnumentinozzle 0.75 Failed Not Given' broke off, 14 were cracked SS-

ORNL-NSIC-
Salem 1 PWR 3/15/1972 residual heat removal 0.75 failed 138:112141 fatigue-vibrational fatigue-vibration SS

Several welds found lacking
Indian Point 2 PWR 9/26/1972 Vent line 0.75 Leak FabricatIon Defect full penetration SS

.. ... . .m - . - Several welds found lacking
indian Point 2 _ __ _ '-PWR ' 10/31/1972 Vent lln-e 2- ----- ' 0.75-- L-eak__ Fabrication Defect - : full penetratlion' - - * * SS -

chemical and volume _ i
Saler n - PWR T-1/2/1973. ctrl.7Z~ - 0.75' . sevenrd 77-002/3L ---- fatigue-vibrational '- SS '
Indian Point 2 PWR 5/15/1973 Residual heat removal 0.75 Leak Unknown Unknown cause SS
Oyster Creek BWR 10/17/1973 Service water 0.75 Failed Corrosion - Corrosion Cs
Indian Point 2 PWR 10/31/1973 Residual heat removal 0.75 Leak Fatigue-Vibrational Fatigue-Vibrational Ss

; . 8th Semiannual
. .- ; .-- Report under -

Ginna PWR 12/11/1973 Pressurizer 0.75 Leak shutdown Construction Defect/Errors defect weld SS

Construction defects/errors
Indian Point 2 PWR 1/21/1974 Instrumentation 0.75 Leak Construction Defectl/Errors during Inspection SS
LaCrosse BWR 1/23/1974 Core spray 0.75 Leak -* Stress Corrosion/IGSCC Improper fitting at hose SS

Letter to NRC
Dresden 3 _ BWR 4/2/1974 Control Rod Drive 0.75 Leak (6/11/74)- Fatigue-Vibratidnal ' F60tue1ibratld6- Ss
Fort Calhoun PWR 4/15/1974 Flow sensor 0.75 Severed NSIC-122;090422 Fatigue-Vibrational Fatigue-Vibrational SS

Chemical and volume ,; -
Ginna PWR 4/18/1974 control 0.75 Leak AO 74-5 Stress Corroslon/AGSCC Stress corrosion SS
Turkey Point 3 PWR 4/30/1974 charging 0.75 leak NPE VIII.A.317 fatigue-vibrational I Ss
Oconee 2 BWR 5/11/1974 Core spray 0.75 Leak Fatigue-Vibrational Fatigue-vibrational Ss
Haddam Neck 1 PWR 6/1/1974 Feedwater 0.75 Failed Fatigue-Vibrational Fatigue-Vibrational CS
Dresden 3 BWR 6/10/1974 Feedwater - 0.75 Rupture Ltr DL; 6/18174 Fatigue-Vibrational Fatigue-vibration Cs
Ginna PWR 6/29/1974 Service Water 0.75 Leak AO 74-12 Fatigue-Vibrational Fatigue-Vibrational CS

. . . - . .. .. Construction defectlerrors
Ginna PWR 7/211974 Service Water 0.75 Leak AO 74-13 Construction Defect/Errors and fatigue-vibration CS
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Station Plant Type Date System Name Pipe Size Break Def References Failure Mechnism Comments Materlal
Palisades PWR 8/1/1974 Letdown line 0.75 Leak Design Error Ss
Zion 1 PWR 9/3/1974 steam 0.75 leak 78-096 fatigue-vibrational fatigue-vibration CS
Zion 1 PWR 9/7/1974 steam 0.75 leak 78-088 fatIgue-vibrational fatigue-vibration Cs
Palisades PWR 9/9/1974 Reactor coolant 0.75 Leak Fatigue-Vibrational Fatigue-Vibrational Ss
Zion 1 PWR 9/13/1974 steam 0.75 leak 78-090 fatigue-vibrational fatigue-vibration Cs
Dresden 3 BWR 9/20/1974 Feedwater 0.75 Leak AO 74-28 Fatigue-Vibrational Fatigue-vibration Cs
Kewaunee PWR 1/17/1975 Reactor Coolant 0.75 Leak Fatigue-Vibrational Fatigue-Vibration Ss

NPE VII.D. 179
Quad Cities I BWR 1/31/1975 RHR vent line 0.75 leak (BWR-2. Book-2) fatigue-vibrational Ss

AO BFAO 50-259-
Browns Ferry 1 BWR 2/5/1975 Core Spray 0.75 Leak 752T Corrosion/Fatigue Corrosion/Fatigue SS

Dresden 3 BWR 2/8/1975 Feedwater 0.75 Crack/Leak AO 75-5 Construction Defect/Errors Construction defect CS

Construction defect, slag
Dresden 1 BWR 4/1211975 Core Spray 0.75 Leak AO 75-6 Construction Defect/Errors inclusion and poor adhesion SS

High pressure core
Duane Arnold BWR 4/18/1975 injection 0.75 Leak AO 75-21 Fatigue-Vibrational Fatigue-vibration Ss
Beaver Valley 1 PWR 6/8/1975 Safety Injection 0.75 Leak Fatigue-Vibrational Fatigue-vibration Ss
ANO1 PWR 7/1/1975 Makeup System 0.75 Leak NPE VllA 90 Weld Defect SS
Millstone 1 PWR 11/13/1975 Jet pump rod inst line 0.75 Leak Fatigue-Vibrational SS
Millstone 2 PWR 11/16/1975 Instrument line 0.75 Leak Fatigue-Vibrational Fatigue-vibration SS
Quad Cities 1 BWR 11/18/1975 feedwater 0.75 crack/leak PNO-11-79-041 fatigue-vibrational fatigue-vibration CS

Construction defects in
Ginna PWR 11/20/1975 Service Water 0.75 Leak 75-011 Construction Defect/Errors discharge draln line Cs
Millstone 2 PWR 11/29/1975 Reactor coolant 0.75 Leak Fatigue-Vibrational Fatigue-vibration SS

Construction Weld porosity, construction
Maine Yankee 1 PWR 12/9/1975 Reactor Coolant 0.75 Leak Defects/Errors defect SS

Fort Calhoun PWR 12/28/1975 Containment heat removal 0.75 Severed 75-026 Fatigue-Vibrational Fatigue-Vibrational CS
Millstone 2 PWR 1/3/1976 Service water 0.75 Leak Fatigue-Vibrational Fatigue-vibration CS
Salem 1 PWR 2/17/1976 main steam 0.75 leak 80-002 erosion/corrosion erosion/corrosion CS

Excessive stress at weld
connection at installation,

Indian Point 3 PWR 4/5/1976 Feedwater 0.75 Leak Construction Defect/Errors error Cs
Moisture separator

Monticello BWR 5/15/1976 reheater . 0.75 Leak Fatigue-Vibrational Fatigue-vibration. Ss
high pressure core

Quad Cities 2 BWR 6/3/1976 injection 0.75 leak 80-015 thermal fatigue thermal fatigue Ss
Calvert Cliffs 1 PWR 6/2111976 SWS 0.75 Leak RO 76-31 Unknown Unknown Cause CS
Calvert Cliffs 1 PWR 7/12/1976 Service Water 0.75 Leak RO 76-43 Fatigue-Vibrational Cs
Millstone 2 PWR 8/V1976 Service water 0.75 Leak Fatigue-Vibrational Fatigue-vibration CS

Dresden 1 BWR 9/13/1976 Core Spray 0.75 Leak AO 75-6 Construction Defect/Errors Construction defect Ss
Fitzpatrick BWR 9/13/1976 Residual heat removal 0.75 Leak 76-054 Unknown Unknown cause SS
ANO1 PWR 10/3/1976 Makeup System 0.75 Leak RO 76-29 - Fatigue-Vibrational Fatigue-vibration SS

- he ,-.Page 8
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Station Plant Type Date - System Name Pipe Size Break Def . References . - Failure Mechnism- Comments Material

*RO 76-25, LER 76- Construction defect,
Ginna PWR i011011976 Residual heat removal 0.75 Leak 025 - Construction Defect/Errors Improper filup ' Ss
Calvert Cliffs 1 PWR 111111976 Charging 0.75 Leak NPE VIII.A.238 Fatigue-Vibrational ___________ Ss

Aux.- Feedwater Drain
Beaver Valley I PWR 111511976 it-ne.0.75- ~Ruptur- 176-83 Water Hammer. -Cs-

Salem 1. PWR 12117)1976 main steam 0.75 rupture 80-065 erosion/corrosion erosion/corrosion Cs
Calvert Cliffs 2 PWR 1/311977 Reactor Coolant 0.75 crack/leak 77-010 fatigue-vibrational fatigue-vibration Ss

. Cracked weld, unknown
Brunswick 2' BWR 2)14/1977' Coolant Recirculation- -0.75- Leak' RO 2.77-2 Unknown- cause .Ss5
Turkey Point 4 PWR 2)17/1977 core spray 0.75 leak 81-003 fatigue-vibrational fatigue-vibrational Ss
Maine Yankee 1I PWR 3/31)11977 Reactor Coolant 0.75 Leak .Fatiguea-Vibrational Fatigue-Vibrational Ss

. . . . chemical and volume ..

Salem 2 PWR 6/8/1977 control 0.75 leak 81.040 fatigue-vibrational fatigue-vibrational Ss
Salem 1 -PWR 7/14/1977 service water. 0.75 leak 81-064 unknown .cracked weld Cs
Calvert Cliffs 1I PWR - 812511977 Reactor Coolant .0.75 Leak 77-077 Fatigue-Vibrational . ,Ss

fatigue-vibration, cracked
Calvert C~lfs 2 . PWR -9/1 911977 Service Water,. 0.75' leak" .77-068 - . Fatigue-vibrational weld Cs

Construction defect, lack of
Ginna .PWR~ 9)2/1977' Pressurlzer,- .7 . 0.75 Leak RO 75-1 and 75-12 Construction Defect/Errors weld fusion' Ss
Calvert Cliffs 1 PWR 9/2311977 Charging 0.75 Leak NPE VIII.A.238 Fatigue-Vibrational :. _____Ss

AN017-.- - PWR~ 12/3/1977- Residual Heat Removal 0.75 Leak 77-027 Fatigue-Vibrational Fatigue-vibration Ss
Big Rock Point BWR 12/8/1977 Control Rod Drive 0.75 Leak RO 77-49 Fatigue-Vibrational Fatigue-vibration Ss
Big Rock Point --- BWR" 12116/1977 lControl Rod Drive 0.75 Leak. RO-77-49 Fatigue-Vibrational .*. .... , ss
Calvert Cliffs 1I PWR 1/7/1978 -Reactor Coolant -- 0.75 Leak RO 78-22/3L Fatigue-Vibrational Fatigue-vibration Ss
Ginna . -- PWR -- 7/11/19-78 ~ressurnzer -- 0.75 - 7 ea -'801 F-atigue-Vibrational F 1atigue-vibration Ss

- - - -pitting of line, 0.25 gpm
Quad Cities 2 BWR 2/22I1978- control rod drive .0.75 leak 82.003 eroision/corrosion leak,' sch 80 Ss
Hatch 1 --. BWR 3/6/1978 Reactor Coolant 0.75 Leak . Stress Corroslon/IGSCC Stress Corrosion Ss
Millstone 1 PWR 3/19/1978 lCoolant recirculation 0.75 Leak _________Fatigue-Vibrational Fatigue-vibrational SS
AN02 PWR - 8/1/1978. LPSI -0.75 Leak NPE VII.A.192 Fatigue-Vibrational ___________ Ss

1 gpm leak from
Salem 2 PWR, 10/4/1978' containment heat removal 0.75' leak 82-112 unknown containment flange coil Cs

-. .- * -. . -confstruction defects/6rrors,

Pilgrim BWR 11b17/978 ireactorwatercieanup 0.75 leak 82-047, construction defect/errors faulty weld ss

Big Rock Point..-- BWR 10/18/1978 Containment heat removal ' 0.7'5 Leak 78.044' Fatigue-Vibrational Fatigue--Vibrational Cs
Big Rock Point - BWR 10/18/1978 RWCU 0.75 Leak LER 96-001 IGSCC Branch connect .Ss

Dresden 2 -BWR 11)24/1978 Reactor Water Cleanup 0.75 Leak 78-064 Corrosion Acid corrosion Ss
Leaked thimble tube weld,

Big Rock Point BWR 4/23/1979 Control Rod Drive 0.75 Leak PNO 79-90 Unknown unknown cause Ss
Construction

North Anna 1 PWR 5/3/1979 Component cooling 0.7,5 Leak ________Defects/Errors Construction defect Cs

Oyster Creek BWR 5/18/1979 Radwaste 0.75 Leak ________Construction Defect/Errors Poor weld Ss
,Monticello BWR 8/6/1979 MaIn steam 0.75 Leak . . . Erosion/Corrosion Erosion/Corrosion Cs
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Calvet Cliffs -PWR 8 31/197 Containment heat remova 0.75 Leak 79-039 Fatigue-Vibrational Fatigue-vibrational (1/2) Cs

Calvert Cliffs 1 PWR 8/31/1979 Containment heat removal 0.75 Leak 79-039 Fatigue-Vibrational Fatigue-vibrational (2/2) CS

Personnel error, weld arc
Brunswick 2 BWR 12/28/1979 Coolant Recirculation 0.75 Leak 79-109 Other stick on reducing insert Ss
Indian Point 3 PWR 1/10/1980 Charging 0.75 Leak Fabrication Defect Ss

Yankee Rowe PWR 1/23/1980 main steam 0.75 leak 84-001 stress corrosion/IGSCC chloride stress corrosion CS

Maine Yankee 1 PWR 1/31/1980 Safety Injection 0.75 Leak Unknown Unknown cause Ss

Indian Point 3 PWR 3/11/1980 Boiler feed 0.75 Leak _ Not Given Ss

NPE VIIIA64
Brunswick 2 BWR 4/11980 RWCU 0.75 Leak (BWR-2. Book 2) Unknown Ss

chemical and volume
Trojan PWR 8/29/1980 control 0.75 leak PNO-V-84-056 unknown unknown cause SS

Salem 1 PWR 11/17/1980 service water 0.75 leak 84-027 corrosion extemal surface corrosion CS

NPE VI.E.142
Dresden 2 BWR 1/1/1981 Turbine floor drain 0.75 Rupture (BWR-2. Book-8) Fatigue-Vibrational CS

Beaver Valley 1 PWR 1/22/1981 Residual heat removal 0.75 leak PNO-1-81-027 Fatigue-Vibrational Fatigue-vibration SS
WPPSS 2 2/2/1981 pressurizer 0.75 leak 85-011 fatigue-vibrational fatigue-vibrational Ss
Dresden 2 BWR 4/26/1981 Condensate 0.75 Leak 81-019 Thermal Fatigue Thermal fatigue CS
Dresden 2 BWR 4/26/1981 Containment spray 0.75 Leak 81-018 taligue-Vibrational Fatigue-vibration Ss

Dresden 2 BWR 5/3/1981 Condensate 0.75 Failed 81-022 Thermal Fatigue Thermal fatigue CS

Trojan PWR 5/31/1981 containment heat removal 0.75 leak 85-005 fatigue-vibrational fatigue-vibrational CS
leaked pipe plug, unknown

Salem I PWR 7/28/1981 containment heat removal 0.75 leak 85-008 unknown cause CS

Salem 2 PWR 9/10/1981 containment heat removal 0.75 leak 85-019 unknown damaged nipple CS

Fatigue-vibration at
Big Rock Point BWR 2/19/1982 Control Rod Drive 0.75 Crack 82-005 Fatigue-Vibrational threaded connection Ss
San Onofre 3 PWR 2/26/1982 instrument line 0.75 leak 86-003 stress corrosion/IGSCC IGSCC SS

Browns Ferry 1 BWR 3/20/1982 Reactor Water Cleanup 0.75 Leak 82-020 Fatigue-Vibrational Fatigue-vibration, large leak Ss

Dresden 3 BWR 4/17/1982 Core Spray 0.75 Leak 82-019 Fatigue-Vibrational Cracked weld Ss

Calvert Cliffs 2 PWR 7/1/1982 Service Water 0.75 leak 82-035 Corrosion Corrosion, salt water attack CS

Millstone 2 PWR 7/211982 Reactor coolant 0.75 Leak Erosion/Corrosion Erosion/corrosion SS

High pressure core Construction
Maine Yankee 1 PWR 8/8/1982 injection 0.75 Leak Defects/Errors Construction defects/errors SS

Calvert Cliffs 1 PWR 11/1/1982 Charging 0.75 Leak NPE VIII.A.647 Fatigue-Vibrational SS

LaSalle 1 BWR 11/24/1982 Condensate 0.75 Leak Fatigue-Vibrational Fatigue-vibrational CS

Calvert Cliffs 2 PWR 11/27/1982 Service Water 0.75 Leak 82-074 Fatigue-Vibrational Vibrational, thermal fatigue CS

Chemical and Volume
Calvert Cliffs 1 PWR 12/7/1982 Control 0.75 Leak 82-074 Fatigue-Vibrational ss
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. Station Plant Type Date System Name Pipe Size Break Def References Failure Mechnism. Comments Material

Cracked socket weld,
Calvert Cliffs 2 PWR 4/18/11983 Service Water 0.75 Leak 83-024 Fatigue-Vibrational Vibration CS
Ginna PWR 4/18/1983 Boric Acid 0.75 Leak 83-016 Stress Corrosion/IGSCC Stress corrosion SS
Indian Point 3 PWR 5/31/1983 Service water 0.75 Leak Fatigue-Vibrational Fatigue-Vibrational CS
Dresden 2 BWR 6/3/1983 Main steam 0.75 Leak 83-044 Fatigue-Vibrational Fatigue-vibration CS
Indian Point 3 PWR 6/4/1983 Reactor Coolant 0.75 Leak -: Fatigue-Vibrational Fatigue-Vibrational SS
Oyster Creek BWR 6/6/1983 Chlorine 0.75 Leak Unknown Chlorine plastic line SS
Indian Point 2 PWR 8/6/1983 Safety InJection 0.75 Leak Erosion/Corrosion Erosion/Corrosion SS
ANO1 PWR 9/6/1983 Reactor Coolant 0.75 Leak 83-019 Fatigue-Vibrational Fatigue-vibration SS

. . High pressure core
Fitzpatrick BWR 11/4/1983 injection 0.75 Leak 83-054 Thermal Fatigue Thermal fatigue SS
Nine Mile Point 1 BWR 11/10)1983 Core spray 0.75 Crack/Leak Fatigue-Vibrational Fatigue-vibration SS
Calvert Cliffs 2 PWR 12/20/1983 Service Water 0.75 Leak 83-017 Fatigue-Vibrational Fatigue-vibrational CS

. - .Circumferential crack In
Cooper BWR 4/9/1984 Coolant redrculation 0.75 Leak 84-005 Unknown weld joint, unknown cause SS

Calvert Cliffs 2 PWR 7/9/1984 Containment heat removal 0.75 Leak 84-006 Fatigue-Vibraftonal Vibration fatigue CS
Salem 2 PWR 7/25/1984 service water 0.75 leak 88-015 erosion/corrosion erosion/corrosion CS
Palisades ... PWR 8/10/1984 Coolant recirculation 0.75 Leak Unknown . Cracked socket weld SS
Vogtbe I PWR 1/1811985 reactor coolant 0.75 leak 89-004 fatigue-vibrational fatigue-vibration SS
Browns Ferry 3 BWR 2/10/1985 RWCU ' -; 0.75 Leak LER 85-005 Fa2gue-Vibrational - - SS
WPPSS 2 5/11/1985 core spray 0.75 severed 89-015 fatigue-vibrational fatigue-vibrational SS
Millstone 1 PWR 7/23/1985 RWCU 0.75 Rupture Fatigue-Vibrational SS

Erosion/Corrosion, Fatigue Sch 80. location 1 out of 2,
Byron I PWR 7/30/1985 Condensate Drain 0.75 Leak NPRDS Vibratonal plant outage CS

Erosion/Corrosion, Fatigue Sch 80, location 2 out of 2,
Byron I PWR 7/30/1985 Condensate Drain 0.75 Leak NPRDS Vibrational plant outage CS
Surry I PWR 10/30/1985 reactor coolant 0.75 leak 89-042 fatigue-vibrational fatigue-vibrational Ss

Chemical and volume
North Anna 1 PWR 12/28/1985 control . 0.75 Leak Fatigue-Vibrational Cracks. fatigue-vibrational SS
LaSalle 1 BWR 5/21/1986 RHR 0.75 Leak Weld Defect Leak 1 of 2 Ss
LaSalle 1 BWR 5/21/1986 RHR - 0.75 Leak . Weld Defect Leak 2 of 2 Ss
Nine Mile Point 1 BWR 6/18/1986 Flow sensor 0.75 Leak . Unknown Unknown cause Ss
Miilstone 1 PWR 8/16/1986 Torus spray/LPSI 0.75 Rupture Fatigue-Vibrational SS
Catawba 2 PWR 9/1/1986 Feedwater heater 0.75 leak NPRDS not given Sch 80. normal operation CS

high pressure core
WPPSS 2 ._ 10/22/1986 Injection ; 0.75 leak -90-028 fatigue-vibrational s. . sS

High Pressure Core Stress CorrosIon Cracking,.
ANOi PWR 10/23/1986 Injection 0.75 Leak 86-006* IGSCC Stress Corroslon Cracking SS
Salem 1 PWR 11/2/1986 service water 0.75 leak 90-026-04 erosion/corrosion . erosion/corrosion CS
Catawba 2 PWR 11/23/1986 Feedwater heater 0.75 rupture NPRDS not given Sch 80, normal operation CS
Salem 1 PWR 11/27/1986 service water 0.75 leak 904026-04 erosion/corrosion erosion/corrosion CS
Perry BWR 3/31/1987 coolant recirculation 0.75 leak PNO-111-91-012 fatigue-vibratlonal fatigue-vibration SS
Catawba 2 PWR 5/6/1987 Feedwater elbow . 0.75 rupture NPRDS not given Sch 80, normal operation Cs
Catawba 1 . PWR 7/11/1987 Heatertofeedwater 0.75 rupture NPRDS not given . . Sch 80. overpressure CS
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WPPSS 2 11/3/1987 residual heat removal 0.75 leak 91-030 fatigue-vibrational fatigue-vibration SS
Turkey Point 4 PWR 1/27/1988 steam 0.75 leak PNO-I1-92-005 erosion/corrosion erosion/corrosion Cs
Big Rock Point BWR 2/7/1988 Primary Steam 0.75 Leak 88-003 Erosion/Corrosion Erosion SS
San Onofre 2 PWR 2/17/1988 Instrument line 0.75 crack/leak 92-004 stress corrosion/IGSCC IGSCC SS
Brunswick 2 BWR 3/19/1988 Control Rod Drive 0.75 Leak 88-007 Stress CorrosionIlGSCC Stress Corrosion SS
Hatch 1 BWR 4/15/1988 Service water drain 0.75 Severed Fatigue-Vibrational Fatigue-Vibrational CS
Brunswick 2 BWR 9/8/1988 Service Water 0.75 Leak 88-016 Erosion/Corrosion Erosion/Corrosion CS
Haddam Neck 1 PWR 12/9/1988 Component cooling 0.75 Failed Unknown threaded nipple. mode-1 CS

special report OSR-
Zion 1 PWR 12/29/1988 flow sensor 0.75 breakage 008-93 unknown unknown cause Ss

special report OSR- leaked tube due to Incorrect
Zion I PWR 1/2/1989 flow sensor 0.75 leak 008-93 construction defect/errors seating, construction defect SS
Millstone 3 PWR 4/11/1989 RCS mode 1 0.75 Leak Fatigue-Vibrational Prior leak in same line SS
Millstone 3 PWR 4/12/1989 Let down line 0.75 Leak Fatigue-Vibrational SS_
Surry 1 PWR 8/20/1989 steam 0.75 leak 93-010 stress corrosion/lGSCC IGSCC CS
Duane Arnold BWR 5/19/1990 Control Rod Drive 0.75 Leak 90-010 Fatigue-Vibrational Fatigue-vibration SS

Chemical and volume
Diablo Canyon 1 PWR 7/26/1990 control 0.75 Leak 90-010 Fatigue-Vibrational Fatigue-vibration SS
Braidwood 1 PWR 8/30/1990 Residual Heat Removal 0.75 Leak 90-012 Unknown Unknown SS
Millstone 3 PWR 12/3/1990 SWS 0.75 Leak Not Given CS

Erosion/Corrosion, Pressure
Beaver Valley 1 PWR 1/16/1991 Containment heat removal 0.75 Leak 91-002 Erosion/Corrosion boundary leakages CS

Construction
Nine Mile Point 2 BWR 3130/1991 Containment heat removal 0.75 Leak Defects/Errors Fabrication defect CS

North Anna 1 PWR 5/11/1991 Containment heat removal 0.75 Crack/Leak Fatigue-Vibrational Fatigue-vibrational CS
San Onofre 3 PWR 7/21/1991 reactor coolant 0.75 leak 95-001 stress corrosion/lIGSCC IGSCC SS
Oconee 3 BWR 11/1/1991 Instrument line 0.75 Leak Erosion/Corrosion Erosion/corrosion Ss

Oconee 3 BWR 11/25/1991 Containment heat removal 0.75 Severed Unknown Compression fitting failed CS
Oconee 3 BWR 12/15/1991 Boric Acid 0.75 Leak Stress Corrosion/IGSCC Stress Corrosion/iGSCC SS

Pressurizer instrument
Palo Verde 1 PWR 11/1992 nozzle 0.75 Leak Stress Corrosion/IGSCC PWSCC SS
Comanche Peak 2 PWR 6/22V1992 Spray pump 0.75 leak CP-92-010 fatigue-vibrational SS
Catawba 1 PWR 6/12/1993 D.G. cooling water 0.75 rupture IR-50-414-93-22 fatigue-vibrational CS
McGuire 3 PWR 9/10/1993 Reactor Coolant 0.75 Leak Water hammer Water hammer SS

Diablo Canyon 2 PWR 3128/1994 Reactor Coolant 0.75 Leak PNO-V-94-7.94-001 Fatigue-Vibrational Fatigue-vibration SS
Millstone 3 PWR 4/22/1994 Sews 0.75 Leak Erosion/Corrosion CS

Calvert Cliffs 2 PWR 7/11/1994 Safety Injection 0.75 Leak 94-003 Fatigue-Vibrational Crack from fatigue-vibration SS

Faulty connector.
LaSalle 2 BWR 10/19/1994 Turbine line 0.75 Leak Construction Defect/Errors construction defects/errors CS
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-. . .--.-. -. Leaking cracked weld at
piping flange socket weld for

Comanche Peak PWR 3110/1996 safety injection 0.75 leak LER 96-00 fatigue-vibrationaCl valve, replace-d 3/4 in. pipe' Ss
Nine Mile Point 1 BWR 8/30/1971 ISteamn line 0.875 Leak I________IGSCC ., . Cs
Millstone 1 PWR 2)14/1972 Flow sensor 0.875 Leak .Thermal Fatigue'* Fatigue-vibration Ss

diesel generator jacket
water leaked, compression

Salem 2 PWR 3/11/1985 component coofing 0.875 leak special report 92-3 unknown fitting failed and replaced C
Indian Point 1 PWR 8/8/1969 Reactor Coolant 1 Failed ________Fatigue-Vibrational Fatigue-Vibrational Ss

poor weld, construction
Quad Cities I BWR 10/11/1970 Instrument line 1 leak AO 74-33 construction defect/errors defect Ss
Quad Cities 1 BWR 10/21/1970 instrument line 1 leak Ltr DL 10/22/74 fatigue-vibrational fatigue-vibration .Ss

Yankee Rowe PWR 2/28)1971 service water 1 failed AO 75-03 construction defect/errors construction defect Cs

Dresden 2 -BWR 3/17/1971 Containment heat removal I Failed AECL Unknown Unknown, fitting broke Cs
Three Mile Island 1 PWR 8/20/1971 makeup system 1 leak AO 75-27 fatigue-vbrational fatigue-vibrational Ss
Vermont Yankee BWR 8/25/1971 Instrument line 1 leak 75-017 fatigue-vbrational fatigue-vibration t.. !Ss

..- * .letter to NRC -. weld failure, fatigue-
St. Lucie I PWR 9/1/1971 service water- -~ I. leak (1 1/13/75) fatigue-vibrational vibrational Cs

ORNL-NSIC-
St. Lucie I PWR .9/511 971 safety Injection I leak 1127:107985 . fatigu e--vib-ratifo-nal I fatigue-vibrational ~ Ss
Peach Bottom 2 BWR 11/6/1971 residual heat removal 1 leak AO 75-71 fatigue-vbrational . fatigue-vibration S
Yankee Rowe PWR 2)3/1 972 reactor coolant 1 leak RO 76.01 fatigue-vibrational fatigue-vibrational Ss

ORNL-NSIC-
Dresden I BWR 4/21/1972 Reactor Coolant 1 Leak 109:70038 , Fatigue-Vibrational Fatigue-Vibration SS

Yankee Rowe PWR 5/19/1972 feedwater I leak 76-005 constructlion defect/errors Installation error Cs
Vermont Yankee BWR 5/31/1972 instrument line 1 leak AO 75-17 corrosion crrosion cracking Ss

coolant pump seal retumn
Prairie Island 2 PWR 6/18/1972 line 1 leak RO 76-31 fatigue-vibratloniall___________ Ss
Rancho Seco PWR 8/4/1972 reactor coolant 1 leak RO 76-11 fatigue-vibrational fatigue-vibrational Ss___

Yankee Rowe PWR 96/61972 ifeedwater I leak 176-011 construction defect/errors construction defect Cs

Salem I- PWR 10/20/1972 containment heat removal 1 rupture RO 76-05 fatigue-vibrational fatigue-vibration Cs
Construction

Palisades PWR 11/21972 Contrlrod drive 1 Leak _______ Defects/Errors Maintenance error Ss

St. Lucie I PWR 5/9/1973 isafety injection I crack/leak 1RO 77-29 construction defect/errors construction defect S
Millstone 1 PWR 7/11/11973 Feedwater 1 Leak ________Water hammer Fatigue-vibration Cs
Peach Bottom 2 BWR 9/13/1973 residual heat removal 1 leak 77-041 unknown failed threading Ss___

Indian Polk~i 2 PWR 10/2617~3 Containminth hat'rmva Leak . ~ Coriosion/Fatigue. . Corrosio'n/fatigue ____
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High pressure core
Dresden 2 BWR 121311973 injection 1 Leak AO Erosion/Corrosion Erosion SS
Peach Bottom 2 BWR 216/1974 residual heat removal 1 leak 78-012 fatigue-vibrational fatigue-vibration Ss

Trojan PWR 3/711974 spent fuel pool I leak 78-007 construction defect/errors construction defect/errors CS

Trojan PWR 5/23/1974 reactor coolant 1 leak 78-019 construction defect/errors construction defect/errors SS
Pilgrim BWR 6/15/1974 spent fuel pool 1 leak 78-028 fatigue-vibrational faUgue-vibration CS

Ginna PWR 8/1/1974 Feedwater 1 Failed ORNL NSIC 094753 Fatigue-Vibrational Fatigue-Vibrational CS
In run mode, failed at nipple

Condensate booster AO 74-43, 50237- at pump, wall thickness
Dresden 2 BWR 9/1/1974 pump vent line 1 Rupture 606 Fatigue-Vibrational reduced CS
Browns Ferry 1 BWR 9/22/1974 Coolant Reclrculation Failed AO 74-49W Fatigue-Vibrational Fatigue-vibrational Ss

High pressure core Poor weld joint at gland leak
Dresden 2 BWR 10/22/1974 injection Leak AO 74-54 Construction Defect/Errors off line, construction defect SS
Ginna PWR 1/17/1975 Pressurizer 1 Breakage NUREG/CR 2781 Water Hammer Water Hammer SS
St. Lucie 1 PWR 3/5/1975 service water failed 79-011 water hammer failed socket weld CS

Poor weld, construction
GinnaPWR 4/18/1975 Service Water 1 Leak 75-002-03L Construction Defect/Errors defect CS
St. Lucle 1 PWR 5/6/1975 service water 1 failed 79-017 water hammer failed socket weld CS
Ginna PWR 5/8/1975 Letdown drain line Leak 75-2 Construction Error lack of weld fusion SS

High Pressure Core
Brunswick 2 BWR 5/20/1975 Injection 1 Leak AO 75-46 Unknown Defective plug SS

Corrosion, Constuction
Brunswick 2 BWR 6/11/1975 DG Drain I Leak AO 75-55 Corrosion defect CS

chemical and volume Socket weld crack,
Cook 1 PWR 6/24/1975 control 1 leak AO 75-27 Corrosion corrosion SS

Valve plug in relief valve
Oconee I BWR 6/24/1975 Containment heat removal 1 Failed other blew out, overpressuzation Cs

High Pressure Core
Brunswick 2 BWR 8/11/1975 Injection 1 Leak AO 75-89 Erosion/Corrosion Erosion SS
Millstone 2 PWR 9/1/1975 Instrument Uine 1 Leak Porosity X SS
Nine Mile Point 1 BWR 9/13/1975 Coolant recrculation Leak Unknown Pump part failed SS

Weld failure, unknown
Millstone 2 PWR 9/16/1975 Instrument line 1 Leak Unknown cause Ss

High Pressure Core
Brunswick 2 BWR 9/25/1975 Injection 1 Leak AO 75-94 Construction Defect/Error Cross threaded pipe Ss

Weld failure, unknown
Millstone 2 PWR 9/30/1975 Instrument line Leak Unknown cause ____Ss

Monticello BWR 10/311975 Reactor coolant Leak Unknown Unknown cause SS
Oconee 3 BWR 10/5/1975 Core spray Severed Water hammer Water hammer SS

Poor weld, construction
Dresden 3 BWR 10/7/1975 Feedwater 1 Leak AO 75-43 Construction Defect/Errors defect CS
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Monticello BWR 1111/1975 Core spray 1 Crack/Leak _________Fatigue-Vibrational Fatigue-vibrational Ss
Rancho Seca PWR 11/24/1975 makeup, 1 leak NPE VIII.A.400 fabrication defect S
Nine Mile Point 1 BWR 11/29/1975 Coolant recirculation 1 Leak ________ Unknown Unknown cause Ss
Big Rock Point BWR 12/9/1975 Service Water 1 Leak RO 29-75 Fatigue-Vibrational Fatigue-vibrational C

high pressure core
Cook 1 PWR 1212511975 injection - leak'- RO076-07 -'- fatiguie-vibratlonal fatigu6-vibratiori Ss

Steam Generator Blow
Calvert Cliffs I PWR 12127/1 975 Down 1 Leak 76-004' Erosion/Corrosion Erosion/CWfosldon Cs

Surly 2 PWR 3/5/1 976 coolant recirculation 1 leak 80-005 construction defect/errors construction defect Ss
Peach Bottom 3 BWR 4/13/1976 residual heat removal 1 leak 80-009 fatigue-vibrational fatigue-vibration Ss

.- P R 5 11/ 978 eac or o ~ la t' _ _ _ _ _ _ eak P N O lll. 0-0 1 .pipe se p ara ted from valve
Zion 2 ~ '7' __ ______W /117 eco oln leak'__ PNO-__11_80_091 unknown bonnet, unknown cause Ss-
Turkey Point 4 PWR 6/16/1 976 component cooling 1 leak 80-0 10 corrosion corrosion Cs
Sequoyahl1 PWR 6/23/1976 pressurizer- 1 failed 180-098 unknown .. compression fitting failed Ss
Beaver Valley I PWR 7/ill1976 Instrument Line. 1 Leak 76-041 Unknown Swage-lock Failed Ss
Haddam Neck 1 PWR 7/12/1976 Service water I Leak Erosion/Corrosion Erosion/Corrosion Cs
Millstone 2 PWR 7/29/1976 Instrument line* 1 Leak Fatigue-Vibrational Fatigue-vibration SS

Indian Point 3 PW R 8/16/1976 C ontarinment he-at- e o a - I . B e ka e _ _ _ _ _ _ Unknowin', - . Parted tiswage lc CS

Monticello BWR 8/28/1976 Main steam 1 Leak ( -Erosion/Corrosion Erosion/corrosion Cs

- - ~ fri~Tr -Sys em _ _ _ _ _ _ _ _ _ 76- 6 C ns ~ t~iC onstruction defect -socket

PrinPWR 9/2a976Makeup I LealJ Cik- RO 762 osiclhDefiat/Eribi %ield~shedi~i_40 S

Dresden 3: BWR 9/12/1976 Feedwater 1 Leak 76-015 Corrosion/Fatigue Fatigue-vbration Cs

SequoyahlI PWR 9/30/1976 seal line 1 leak NPE V.A. 93 fatigue-vibrational . . Cs

Point Beach 1 . PWMR 1014(1976- seirvice' water. I leak 80-012 constructlon defect'errois (5n'ijriicU6n- d ef~itsJe&~mrs Cs

Monticello* BWR 11/12/1976 Condensate 1 Leak ________Erosion/Corrosion Erosion/corrosion Cs

Chemical and Volume

Calvert Cliffs I PWR 11/28/1978 Control I Leak 76-49 Fatigue-Vibrational . , .Ss

Corrosion and bumped by

Co pe B R I2//1976 Service W ater,-Rutr - 7 :07- Corrosion' .maintenance man C

Palisades. PWR 112/2/1976 IService water, I Leak I -Fatigue-Vibrational Fatigue-Vibrational Cs

Calvert Cliffs 2 PWR 12/7/1976 BorIc Acid I leak 76-015 Construction Defect/Errors Construction defect Ss

Millstone 2 PWR 12/12/1976 Reactor coolant 1 Leak . Fatigue-Vibrational Fatigue-vibration Ss___

Ginna PWR 12/17/1976 Reactor Water Cieanup 1 Leak RO 76-030 Erosion/Corrosion Erosion/Corrosion 7. S

Calvert Cliffs 2 PWR 12(22/1976 Reactor coolant 1 leak 76-014 fatigue-vibrational fatigue-vibration SS

Calvert Cliffs 1 PWR 12/27/1976 Siervice Water 1 Leak '16-056 trosion/Gorrosion Cs

Indian Point 2 PWR 12/30/1976 Containment heat removal I Breakage! Unknown Swage-locik fitting failed Cs

dissimilar metal weld,

Salem 1I PWR .1/8/11977 component cooling I leak 81-'003 construction defect/errors construction defect Cs

Calvert Cliffs I PWR 1/115/1977 lChargIng Pump 1 Leak LER 77-008 Fatigue-Vibrational S___________ ss
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Three Mile Island 1 PWR 1/16/1977 reactor coolant 1 leak 81-001 fatigue-vibrational fatigue-vibration, corrosion SS

cap off drain; valve vibrated
open; about 3000 gal.;

chemical and volume estimate 100 gpm, fatigue-
Robinson 2 PWR 1/28/1977 control 1 rupture 81-005 fatigue-vibrational vibration SS
Cooper BWR 216/1977 Residual heat removal 1 Leak 77-010 Fatigue-Vibrational Fatigue-vibration SS

cracked nipple, unknown
Salem 1 PWR 2/13/1977 component cooling 1 leak 81-018 unknown cause CS

Dresden 2 BWR 3/2/1977 Reactor Coolant 1 Leak RO 77-10 Construction Defect/Errors Construction defect SS
Calvert Cliffs 2 PWR 3/14/1977 auxiliary feedwater 1 leak 77-022 Fatigue damaged threads CS
Dresden 2 BWR 3/15/1977 Reactor Coolant 1 Leak 77-002-6(B) Fatigue-Vibrational Fatigue-vibration SS
Indian Point 2 PWR 3/15/1977 Pressurizer 1 Leak Fatigue-Vibrational Fatigue-Vibrational SS

Valve pulled from line,
Davis Besse PWR 3/24/1977 Main steam 1 Rupture No LER Unknown unknown cause CS
Indian Point 2 PWR 3/29/1977 Pressurizer 1 Leak Fatigue-Vibrational Fatigue-Vibrational SS
Millstone 2 PWR 4/20/1977 Instrument line I Leak Fatigue-Vibrational Fatigue-vibration Ss

Dresden 1 BWR 4/21/1977 Containment heat removal 1 Rupture 77-009 Corrosion Corroded nipple broke off CS
Indian Point 2 PWR 4/27/1977 Residual heat removal 1 Leak _ _ Fatigue-Vibrational Fatigue-Vibrational SS
Vermont Yankee BWR 5/6/1977 reactor water cleanup 1 leak 81-011 stress corrosion/IGSCC IGSCC SS
Indian Point 2 PWR 5/13/1977 Pressurizer I Leak Fatigue-Vibrational Fatigue-Vibrational SS
Dresden 3 BWR 6/7/1977 Condensate 1 Leak RO 77-20 Fatigue-Vibrational Fatigue-vibration CS
Calvert Cliffs 2 PWR 6/13/1977 Charging pump 1 leak LER-77-041 Fatigue-vibrational SS
Millstone 1 PWR 6/14/1977 Coolant recirculation 1 Leak Unknown Unknown cause SS

Moisture separator Construction
Monticello BWR 6/17/1977 reheater 1 Leak Defects/Errors Poor weld, construction SS
Vermont Yankee BWR 6/21/1977 reactorwatercleanup 1 leak 81-016 stress corrosion/IGSCC IGSCC SS
Zion 1 PWR 6/28/1977 reactor coolant 1 leak 81-032 fatigue-vibrational fatigue-vibration SS

Construction
Monticello BWR 7/711977 Containment heat removal 1 Leak Defects/Errors Construction Defects/Errors CS
Monticello BWR 8/2/1977 Main steam I Leak Erosion/Corrosion Erosion/Corrosion CS
Hatch 1 BWR 8/14/1977 Instrument line 1 Leak Fatigue-Vibrational Fatigue-Vibrational SS
Salem 1 PWR 9/111977 SWS I leak 81-085 not given CS

Dresden 2 BWR 9/20/1977 Safety injection 1 Leak Not Given Construction DefectlErrors Construction defect SS
Farley 1 PWR 12V13/1977 Auxiliary feedwater 1 Failed 77-059 Fatigue-Vibrational Fatigue-vibration CS
Salem 1 PWR 12/27/1977 service water 1 leak 81-121 erosion/corrosion erosion/corrosion CS
ANO1 PWR 2)3/1978 Reactor Coolant 1 Leak 78-003 Unknown Unknown Cause Ss
Calvert Cliffs 2 PWR 2/22/1978 Reactor Coolant 1 leak 78-005 Fatigue-vibrational fatigue-vibration SS

Turkey Point 3 PWR 2128/1978 containment heat removal 1 leak 82-003 fatigue-vibrational fatigue-vibrational CS
Monticello BWR 515/1978 Reactor coolant 1 Leak Erosion/Corrosion Erosion/Corrosion SS
Monticello BWR 5/8/1978 Main steam 1 Leak Erosion/Corrosion Erosion/Corrosion CS
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Surry 2 PWR 512311978 coolant recirculation I leak 82-024 construction defect/errors construction defects Ss
Caivert Cliffs 1 PWR 5/3-1/1978 Reactor olant 1 Leak (8-031 atgeVbtinal * F atigue-vibration Ss
San Onofre 2 PWR 6/10/1978 feedwater 1 severed 82-027 fatigue-vibrational fatigue-vibrational Cs
San Onofre 2 PWR 6/16/1978 feedwater 1 severed 182-032 fatigue-vibrational fatigue-vibrational Cs
Indian Point 2 PWR 6/29/1978 Safety Injection 1 Leak ________Unknown Unknown cause Ss
Monticello BWR 7/19/11978 Main steam 1 Leak 'Erosion/Corrosion Erosion/Corrosion Cs

chemical and volume welding of nearby restraint,'
Point Beach 2 PWR 7/27/1978 control 1 leak' 82-006 other ' error Ss

Salem 2 PWR 8/17/11978 containment heat removal I leak 82-077 erosion/corrosion erosion/corrosion Cs
Salem 1 PWR 8/30/1978 service water 1 leak 82-069 erosion/corrosion erosion/corrosion Cs
Zion 1 .PWR 9)4/1978 containment spray I leak 82-027 corrosion crrosion Ss

-- 7-,-silt Induced
Salem 2 .PWR 9/27/1 978 service water 1 leak 82-115 erosion/corroslion erosion/corrosion ~ Cs

I - Stress Corrosion Cracking, Crack In pipe, nipple, stress
ANOI PWR 9/29/1978 spent Fuel Pool I Leak 178-028 IGSCC - corrosion Cs
Monticello .BWR 11/14/1978 IResidual heat removal 1 Leak .Erosion/Corrosion Erosion/Corrosion Ss

Construction
Monbtillo BWR 1/17197 Main stam I Leak ... eet/Err osrctWir on Defects/Errors C

Monticello BWR 11/24/1978 IMain steam 1 Leak ________Erosion/Corrosion Erosion/Corrosion Cs

Prairie Island 1I - - PWR 12127/1978 containment heat removal I leak 82-029 ther__lfatiguethermal fatigue

Monticelio BWR 1/10/1979 Steam 1 Leak ________Erosion/Corrosion Erosin/Corrosion Cs

Salem I PWR 1/23/1979 component cooling I leak 183-004 construction defecti/errors construction defect/errors Cs
Stress Corrosion Cracking,

Big Rock Point BWR 2/21/1979 Reactor Water Cleanup I Leak 179-006 IGSCC Stress Corrosion Sss
AN02 PWR 3/1/1979 LPSI 1 Leak INPE VIIA.208 Unknown Ss.
Crystal River 3 PWR 3/1/1979 SWS 1 Leak 79-004 Installation Error ___________ Cs

. .Construction improper installed
Oyster Creek BWR 3/1/11979 Containment spay 1 Leak Defects/Errors .. connection, defect Ss
Monticello BWR 414/1979 Main steam 1 Leak Erosion/Corrosion Erosion/Corrosion Cs

Extemnal caustic pitting,.
Ginnia. PWR 4/6/1 979 Boric Acid 1 Leak 79-008 Corrosion .chemical corrosion S
ANOI PWR 4/25/1979 Sevlce Water 1 Leak 79-003 Fatigue-Vibrational Fatigue-vibration Cs

Corrosion/Fatigue of carbon
Dresden 2 BWR 5/9/1979 Feedwater 1 Leak 79-031 Corrosion/Fatigue steel Cs

St. Lucia 2 PWR 5/I10/1 979 safety Injection I leak 83-006 unknown cracked weld, 1 qt/mIn leaks Ss
Faulty joint, joint and cooler

Oconee I BWR 6/211979 Component cooling I Leak ________Unknown tubing replace Cs
Millstone 2 PWR 6/4/1979 Service water 1 Failed ________Water hammer Failed socket weld Cs
Monticello BWR 7/1/1979 Main steam 1 Leak ________Erosion/Corrosion Erosion/Corrosion Cs
Oconee 1 BWR 7/3/1979 Service water 1 Leak .Unknown Bad joint . Cs
Salem 2 -PWR i7/6/1 979 1main steam I leak 83-033. . erosion/corrosion.., erosion/corrosion CS
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Crystal River 3 PWR 7/911979 Service Water 1 Leak 79-063 Fatigue-Vibrational Fatigue-vibration Cs

Calvert Cliffs 1 PWR 7/19/1979 Containment heat removal I Leak 79-026 Fatigue-Vibrational Fatigue-Vibrational CS

Yankee Rowe PWR 7/30/1979 coolant recirculation 1 leak 83-025 construction defect/errors construction defect/errors Ss

Personnel error, stepped on
Oyster Creek BWR 8/12/1979 Laundry discharge 1 Leak other vent line Ss
Calvert Cliffs 1 PWR 9/13/1979 Reactor Coolant I Leak 79-044 Thermal Fatigue Thermal Fatigue Ss
Oyster Creek BWR 9/14/1979 Containment spray 1 Leak Corrosion Corrosion Ss
Crystal River 3 PWR 10/24/1979 Makeup system I Leak 79-103 Fatigue-Vibrational Fatigue-vibration SS
ANO2 PWR 11/14/1979 Safety Injection 1 Leak 79-087 Fatigue-Vibrational Fatigue-vibration Ss
Millstone 2 PWR 11/14/1979 BoricAcid I Leak Stress CorrosionrlGSCC Stress Corrosion SS

Corrosion at minimum flow
Dresden 3 BWR 11/20/1979 Feedwater 1 Leak 79-032 Stress Corrosion/IGSCC line CS
Monticello BWR 12/20/1979 Main steam 1 Leak Erosion/Corrosion Erosion/Corrosion CS

Zion 1 PWR 1/19/1980 coolant recirculation 1 leak 84-005 construction defect/errors construction defect/errors SS

Indian Point 3 PWR 1/29/1980 Containment heat removal 1 Leak Fatigue-Vibrational Fatigue-Vibrational CS

Salem 1 PWR 2/1/1980 service water 1 leak 84-006 construction defect/errors construction defect/errors CS
Haddam Neck 1 PWR 217/1980 Boric Acid 1 Leak Unknown Cracked weld SS
ANO2 PWR 4/10/1980 Makeup System 1 Leak 80-019 Fatigue-Vibrational Fatigue-vibration SS

compression fitting; cleaning
Sequoyah 1 PWR 4/18/1980 thimble tube 1 failed 84-030 unknown maintenance: 30 gpm SS

Calvert Cliffs 1 PWR 4/30/1980 Containment heat removal 1 Leak 80-024 Fatigue-Vibrational Fatigue-vibration CS
Stress Corrosion Cracking,

Beaver Valley 1 PWR 5/14/1980 Boric Acid 1 Crack 80-036 IGSCC Stress Corrosion Cracking SS
ANO2 PWR 5/31/1980 Feedwater 1 Leak 80-034 Fatigue-Vibrational Fatigue-vibration CS

North Anna 2 PWR 6/10/1980 Emergency core cooling 1 Leak Unknown Failed fitting, fitting repaired SS
ANO2 PWR 7/28/1980 Feedwater 1 Leak 80-061 Fatigue-Vibrational Fatigue-vibration CS
Monticello BWR 8/25/1980 Main steam 1 Leak Erosion/Corrosion Erosion/Corrosion CS

compression fitting; failed
Trojan PWR 9/12/1980 thimble tube 1 failed 84-014 unknown during repair Ss

leaked socket weld, thermal
Cook 1 PWR 9/16/1980 Main Steam 1 leak 80-023 thermal fatigue fatigue CS

Construction Poor weld, Construction
North Anna 1 PWR 10/30/1980 Service water 1 Leak Defects/Errors defect CS

Poor weld, construction
Ginna PWR 11/25/1980 Residual heat removal 1 Leak 80-010 Construction Defect/Errors defect SS

Wom gaskets, open ended
Oyster Creek BWR 11/30/1980 Core spray 1 Leak Unknown conduits _ _
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_ _ _ _ _ _ __chlonde stress corrosion
Pilgrim BWR 1216/1980 instrument line 1 leak IN 85-34 stress corrosin/lGSCC cracking Ss

: _ _ _ - _ Leakedweld, unknown
North Anna 2- PWR 12V18/1980 Reactor coolant I Leak Unknown cause SS
Turkey Point 3 PWR 12/21/1980 component cooling 1 leak 84-038 fatigue-vibrational fatigue-vibration CS
Cook 2 PWR 1/3/1981 auxiliary feedwater 1 failed 81-002 other overpressurization - CS

sch 40, questlonable failure
Robinson 2 PWR 2/22/1981 SWS 1 leak NPRDS erosion/corrosion mechanism, normal op CS

--N. - .;, - __ __Wom pump seal fitting _
Ginna:. PWR 4126/1981 Residual heat removal I Leak 81-011 Erosion/Corrosion threads, erosion SS
Cook 1 PWR 4/28/1981 Main Steam 1 leak 81-012 unknown unknown cause CS

_ .- -. -' -ICompression fittion failed,
Farley2 PWR 5/5/1981 Component cooling 1 Failed 81-013 Fatigue-Vibrational fatigue-vibration, CS
Quad Cities 1 BWR 6/16/1981 residual heat removal 1 rupture 85-001; 008 fatigue-vibrational fatigue-vibration SS

Palisades PWR 7/3/1981 Component cooling 1 Leak Fatigue-Vibrational Vibration, personnel errors CS
Maine Yankee 1 PWR 7/18/1981 Service water 1 Leak Fatigue-Vibrational Fatigue-Vibrational Cs
Monticello BWR 7/24/1981 Main steam 1 Leak Erosion/Corrosion Erosiontcorrosion CS

San Onofre 2 PWR 10/17/1981 moister separator reheate - I - failed 85-050 thermralfatigue- ;failed pipenipple SS

. Chemical and volume - Fatigue-Vibrational. :-
Kewaunee PWR 12/18/1981 control 1 Leak Fatigue-Vibrational discharge pump relief pipe SS

NPE VI.E. 218
Peach Bottom 2 BWR 12/25/1981 condensate drain 1 rupture (BWR-2, Book-8) water hammer CS

7 I - valve failed to dose,
Cook 1 PWR 1/23/1982 component cooling 1 failed 82-006 unknown unknown cause CS

_ High pressure core_ Instrument line to PHI, -
McGuire I PWR 2/12/1982 Injection 1 Severed Unknown - unknown cause SS
ANO2 PWR 2/16/1982 Sevice Water 1 Leak 82-007 Fatigue-Vibrational Fatigue-vibration CS

; .Construction

Oconee 1 BWR 2/17/1982 Makeup system I Crack/Leak' Defects/Errors Construction defect/errors SS
Crystal River 3 PWR 2/28/1982 Makeup system I Leak 82-013 Fatigue-Vibrational Vibration damage weld SS
ANO2 PWR 4/4/1982 Accumulators 1 Leak 82-007 Fatigue-Vibrational Fatigue-vibration SS
Dresden 3 BWR 4/7/1982 Condensate 1 -Leak 182-017 Unknown Fatigue-vibration CS
Duane Arnold BWR 4/10/1982 Residual heat removal 1 Leak 82-028 Corrosion Corrosion Ss

Three Mile Island 1 PWR 4/23/1982 steam 1 leak PNO-1-86434 fatigue-vibrational fatigue-vibration, corrosion CS
ANO2 - PWR 5/5/1982 Reactor Water Cleanup 1 Leak 82-017 Fatigue Cracked weld SS
Brunswick 1 BWR 5/5/1982 Instrument Line 1 Rupture 82-050 Unknown Unknown Cause Ss
Crystal River 3 PWR 5/10/1982 Makeup system - 1 1Leak ;82-037 - Fatigue-Vibrational Fatigue-vibration SS

Beaver Valley I PWR 5/21/1982 Contailnment heat removal 1 Leak 82-019 Erosion/Corrosbon Erosion/Corrosion CS
_ other, plugged pipe and

Salem 1 PWR 8/3/1982 auxiliary feedwater - 1 - Ileak special report 86-3 unknown. gasket failure CS

- r.
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-- -
San Onofre 1 PWR 614/1982 CCW 1 leak NPRDS not given _--_| Cs
Dresden 3 BWR 6/5/1982 Feedwater 1 Leak 82-025 Unknown Fatigue-vibration CS

XIA 447 (NPE,
Duane Arnold BWR 6/10/1982 Diesel generator cooler 1 Leak BWR-2, Book-3) Fatigue-Vibrational Cs

Duane Arnold BWR 6/1011982 Reactor coolant 1 Leak 82-040 Fatigue-Vibrational Dynamic load and vibration SS
Weld failure. unknown

Humboldt Bay 3 BWR 6/2011982 Service water 1 Leak Unknown cause Cs
Weld failure, unknown

Humboldt Bay 3 BWR 612011982 Service water 1 Leak Unknown cause CS
ANO1 PWR 612811982 Spent Fuel Pool 1 Leak 82-013 Fatigue-Vibrational Fatigue-vibration CS
ANO1 PWR 716/1982 Spent Fuel Pool 1 Rupture 82-014 Fatigue-Vibrational Fatigue-vibration CS

Cook 2 . PWR 7/19/1982 Containment heat removal 1 leak 82-016 Fatigue-vibrational Cs
High pressure core

Dresden 2 BWR 7/26/1982 Injection 1 Leak 82-034 Erosion/Corrosion Erosion SS
Browns Ferry 1 BWR 8/10/1982 Pressurizer 1 Leak 82-056 Fatigue-Vibrational Fatigue-Vibrational SS

Salem 2 PWR 8/24/1982 safety injection 1 leak special report 86-8 corrosion galvanic corrosion SS
NPE PWR-2-VI-E-

Cook 2 PWR 9/1/1982 Feedwater drain 1 leak No.440 Fabrication Defect CS

LaSalle 1 BWR 10/18/1982 Condensate I Leak Construction Defect/Errors Construction Defects/Errors CS
LaSalle 1 BWR 10119/1982 Condensate 1 Leak Fatigue-Vibrational Fatigue-vibrational CS
Dresden 3 BWR 11/12/1982 Feedwater 1 Leak 82-046 Thermal Fatigue IGSCC CS
LaSalle 1 BWR 12/1/1982 Instrument line RCIC 1 Failed Unknown Compression fitting failed SS
Dresden 2 BWR 12/24/1982 Feedwater 1 Leak 82-057 Fatigue-Vibrational Fatigue-vibration CS
Dresden 2 BWR 1/1/1983 Feedwater 1 Leak 83-001 Fatigue-Vibrational Fatigue-vibration CS

Construction defects/errors,
LaSalle 1 BWR 3/20/1983 Steam 1 Leak Construction Defect/Errors defective socket weld CS

Poor welds, construction
LaSalle 1 BWR 4/14/1983 Instrument line 1 Leak Construction Defect/Errors defect SS

Calvert Cliffs I PWR 4/23/1983 Containment heat removal 1 Leak 83-020 Fatigue-Vibrational CS
Trojan PWR 5/11/1983 accumulator fill 1 rupture LER 87-013 fatigue-vibrational SS

low cycle fatigue, line
repaired, failed a second

mode 6 1-in fill line to 'A time, cause: excessive
Trojan PWR 5/1111983 accumulator 1 rupture LER 87-013 fatigue backflow through valves SS
Indian Point 3 PWR 5/12/1983 Residual heat removal 1 Leak Unknown Unknown cause SS
Crystal River 3 PWR 5/16/1983 Service Water 1 Leak 83-022 Erosion/Corrosion Erosion/corrosion CS
Perry BWR 5/23/1983 condensate 1 severed 87-027 fatigue-vibrational fatigue-vibration CS
Millstone 1 PWR 617/1983 Reactor water cleanup 1 Crack/Leak Fatigue-Vibrational Fatigue-vibrational SS
Monticello BWR 6/15/1983 Service water 1 Leak Stress Corrosion/IGSCC IGSCC CS
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Construction defectsterrors.

LaSalle 1 BWR 6/2411983 Radwaste 1 Leak _________Construction Defect/Errors defective socket weld Ss
Turkey Point 4 PWR ill11/1983 feedwater 1 leak 87.014 unknown unknown Cs

LaSalle 1 BWR 711811983 Feedwater 1 ek -- Construction Defect/Errors Con'stuiodfcserr C

Chemical and volume Construction defects/ errors,
LaSa [le I BWR 712611983 control I Leak ________Construction Defect/Errors faulty weld ss

Big Rock Point BWR 8121/1983 Coolant Recirculation 1 Leak 83-010 Construction Defect/Error Construction Defect/Error Ss

Calvert Cliffs 2 PWR 9/9/1983 Containment heat removal 1 Leak .83-049 Fatigue-Vibrational Fatigue-vibrational Cs

Construction defectslerrors,
Beaver Vafley I PWR -9/1911983 Containment heat removal I____ Leak 83-026 Construction DefectvError' broken -weld' Cs

Errors, maintenance-caused
Beaver Valley 1 PWR 10/29/1983 Control Rod Drive 1 Severed 83.003 Construction Defect/Error failure" Ss
South Texas 1 PWR 11/411983 lauxiliary feedwater 1 rupture 87-016, IN 91-50 water hammer water hammer Cs
Palo Verde I PWR _1/1/1984 Core spray I-."Leak' Corrosilon~ Corrosion by microbliologcal -SS-

South Texas 1 PWR 3131/1984 containment heat removal I leak 88-028' ' erosion/corrosion erosion/corrosion Cs
South Texas 1 PWR 8/29/1984 main steam I- leak PNO-IV-88-072 fatigue-vibrational fatigue-vibrational Cs
Fort Calhoun PWR 11/18/1984 Pressurizer 1 Leak 84-023 -- '-Unknown unknown S
Wolf Creek PWR 12/6/1984 service water 1 leak- 88-023 erosion/corrosion erosion/corrosion CS

Yankee Rowe PWR 8/23/1985 coolant recirculation 1 leak 89-012 fatigue-vibrational fatigue-vibrational, SS
Robinson 2 PWR 11/17/1985 SWS 1 rupture N PROS fatigue-vibrational sch 40. shutdown Cs

chemical and volume loose threaded litting, fitting
SeuyhIPWR 12/1411985 control I leak 89-034 unkontgeedS

Comanche Peak PWR 12/26/1985 SWS 1leak DFRTC--0Erso/roin Cs
leaked weld. corrosion,

Salem 2 PWR 1/18/1986 boron Injection I leak 90-005 erosion/corrosion mode 3 ss

fatigue-Vibration, pipe to cap
Salem 2 PWR 1/1 6/1 986 emergency core cooling 1 leak 90-005 fatigue-vibrational socket weld joint repaired Ss

- Diesel Generator Lube Oil
AN01 112111611ii Cooler I Leak NRS >Wear., .... Sch 40.76old shiutd:16v hose C
Salem 2 PWR 6/10/1986 service water .1 leak 90-026.04 erosion/corrosion erosion/corrosion Cs
Catawba 1 PWR 6/13/1986, Letdown/C VCS 1 rupture LER 86-031 fatigue-vibrational .,SS

*Catawba 1 PWR 6/1 3/1 9868 service water i- bekg:6031water hammer wtrhme

Dresden 2 BWR '7/13/1986 Condensate i Severed 86-016 Other Disconnected pipe union Cs
Millstone 1 PWR 7/23/1986 Reactor water cleanup I- Separation *-Unknown 90 deg elbow Ss
Calvert Cliffs 2 PWR 7/25/11986 Reactor Coolant I - Severed 86-005 Unknown Compression fitting failed Ss
Salem 1 PWR 7/31/1986 .service water ' 1 leak 190-026-04 7erosIon/corrosion erosion/corrosion Cs
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main steam drain line
Salem 2 PWR 9/30/1986 elbow 1 leak NPRDS erosion/corrosion sch 40. 100% power CS
Salem 2 PWR 10/18/1986 residual heat removal 1 leak 90-026-04 erosion/corrosion erosion/corrosion SS
Fermi 2 BWR 11/17/1986 Condensate I Severed 86-045 Other Overpressurized CS

erosion/corrosion, SW pump
Salem 1 PWR 11/29/1986 service water 1 leak 90-026-04 erosion/corrosion flexible hose leak CS
Robinson 2 PWR 12V14/1986 CCW 1 leak NPRDS erosion/corrosion sch 40, refueling CS
Robinson 2 PWR 12V14/1986 RHR 1 leak NPRDS erosion/corrosion sch 40. refueling SS
Oyster Creek BWR 12/29/1986 Main steam 1 Leak Unknown Unknown cause Cs

leakages in charging pump
21 and 22 cooler piping,

Salem 2 PWR 1/9/1987 service water 1 leak 91-003 erosion/corrosion erosion/corrosion CS

Salem 1 PWR 1/16/1987 service water 1 leak 91-002 corrosion galvanic corrosion, erosion CS
sch 46, questionable failure

Turkey Point 3 PWR 1/28/1987 accumulator line 1 leak NPRDS fatigue mechanism, hydro Ss
River Bend BWR 2/27/1987 service water 1 leak information report fatigue-vibrational fatigue-vibrational CS

Oconee 2 BWR 4/8/1987 Instrument line 1 Leak Construction Defect/Errors Construction Defect/Errors SS
Failed inside condenser,.

Dresden 3 BWR 4/9/1987 Condensate 1 Severed 87-010 Unknown unknown cause CS
NPE VI.F.53 (BWR-

Brunswick 2 BWR 5/4/1987 Chlorine Supply Line 1 Leak 2. Book 8) Unknown SS
NPE VI.F.53 (BWR-

Brunswick 2 BWR 5/6/1987 Chlorine Supply Line 1 Leak 2, Book 8) Corrosion Buried line SS
Nine Mile Point 2 BWR 7/11/1987 Component cooling 1 Rupture Fatigue-Vibrational Fatigue-Vibrational CS
Hatch 2 BWR 8/19/1987 Service water 1 Failed Fatigue-Vibrational Fatigue-Vibrational CS

Turkey Point 3 PWR 1/24/1988 pressurizer 1 leak 92-014 construction defect/errors construction defectlerrors SS
Peach Bottom 2 BWR 4/6/1988 service water 1 leak 92-006 fatigue - vibrational fatigue - vibration CS
Byron 1 PWR 11/5/1988 Accumulators 1 Crack/Leak 88-010 Faiigue-Vibrational Fatigue-vibration SS

sch 80, defect in socket
Vogtle 2 PWR 12/26/1988 feedwater pump seal line 1 leak NPRDS weld defect weld CS

construction defect/errors construction
Turkey Point 3 PWR 1/14/1989 pressurizer 1 leak 93-002 SCC? defectlerrors/SCC? SS

moisture separator
Sequoyah 2 PWR 1/27/1989 reheater 1 leak PNO-11-93-003 erosion/corrosion erosion/corrosion Ss

cracked nozzles, unknown
St. Lucie 2 PWR 3/1/1989 pressurizer 1 leak 93-004 unknown cause SS
ANO1 PWR 5/17/1989 Sevice Water 1 Leak PNO-IV-89-034 Unknown Unknown Cause CS
Palo Verde 2 PWR 7/4/1989 Feedwater 1 Leak Fatigue-Vibrational Fatigue-Vibrational CS
Palo Verde 2 PWR 7/4/1989 Feedwater drain 1 Leak Fatigue-Vibrational CS

McGuire 6 PWR 9/5/1989 Containment heat removal 1 Leak other Procedure errors CS

Diablo Canyon 1 PWR 1o/20/1989 Thimble tube 1 Leak 89-010 Fatigue-Vibrational Vibration. corrosion/fatigue SS
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Indian Point 2 PWR 10124/1989 Reactor Coolant 1 Leak Stress Corrosion/IGSCC Stress Corrosion Ss

high pressure core
ClIntWon-- BWR 1112211989 injection I ieak 89-41 unknokn -unknown Ss
Hope Creek BWR 1213111989 Instrument line 1 Leak Erosion/Corrosion Erosion/Corrosion Ss
Turkey Point 4 PWR 31911990: lboric acid 1 leak 194-002 stress corrosionlIGSCC stress corrosion SS

sprinkler head failed,
Prairie Island 2 PWR 7/20/1990' fire protection 1: leak 94-002, unknown -unknown cause Cs
Hope Creek BWR 11/4/1990 Instrument iine 1 Leak _________Fatigue-Vibrational Fatigue-Vibrational Ss

Bryon 2 PWR 12120/1990 Main Steam I Severed 90-10 Construction Defect/Error Construction Detect/Error Cs

construction defect/errors,
Three Mile Island 1 PWR 316/1991 containment heat removal 1 leak 95-00i construction defect/errors compression fitting failure CS-

Palo Verde 3 PWR 411111991: Service* Water I Leak 95-001 construction defect/error construction defect/error Cs

McGuire'l PWR - 6/161199f Component cooling - I Leak ________Defects/Errors defect - - Cs
Cok2PWR 214/1992 Feedwater reheater 1 leak NPRDS fatigue-vibrational Sch 80,70% power Cs

Fort Calhoun PWR 12/3/1992 Main steam 1 Leak 92-031 Other , ,~.ILack of system control Cs
Cook 1 PWR 12/14/1992 Feedwater 1 leak NPRDS Fatigue-vibrational Sch 80, 100% power Cs
Millstone 1 PWR 12114/1992 Feedwater 11 Leak Fatigue-Vibrational Sch 80, full power Cs

McGduire 5' "-PWR 3/22/993' Emirgericybcore cooling" -- 1 7 . Liik` Construction Defect/Errors Construction defectsferrors Ss
Pressure forces cap off
nipple while pipe under

McGuire 4 - W h//1993 - Main steah I ekother rear7-- Cs
Fatigue-vibrational (2

Grand Gulf SWR 111211993 Coolant redirculatlon I Leak 93-014 Fatigue-Vibrational events) s

Calvert Cliffs 2 PWR 3121/1 994 Containment heat removal 1 Leak 94-003 Stress CorroslonfIGSCC Stress Corrosion Cs

Diablo Canyon I PWR 3/28/1994 JCoolant recirculation 1 Leak 94-001 Construction DefectfErrois Construction, defects/errors Ss
Dresden 2 BWR 3/30/1994 Coolant recirculation .1 Leak 194-009 Unknown Unknow cause Ss

North Anna I PWR- 6/1/1994 Containment heat removal 1i Leak Unnw ed elfiu6Cs

Pump vent line failure,
Davis Besse PWR 712811994 Service Water I Leak 94-002 Construction Defect/Errors contruction defects/errors Cs
Ginna PWR 8/8/1994 Coolant recirculation 1 Leak 94-009 Unknown Socket weld failure Ss

Construction
Millstone 3 PWR 9/9/1994 Containment heat removal I Leak Defects/Errors Construction defect/errors Cs
Palisades PWR 8/15/1995 RCS 1 Leak Not Given Compression fitting failed Ss

-Weld leak at seal Injection,
Beaver Valley I PWR 8/1 8/1 995 Reactor Coolant -1-- Leak -95-008 Erosion/Corrosion - erosion/corrosion S s
Oconee 2 I BWR _____ 13 1 Leak _______Unknown ___________ Ss
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ANO2 PWR 12/5/1980 Makeup System 1.25 Leak 80-090 Fatigue-Vibrational Fatigue-vibration Ss
Monticello BWR 4/13/1983 Feedwater 1.25 Leak Eroslon/Corrosion Erosion/corrosion Cs
Monticello BWR 6/14/1983 Feedwater 1.25 Leak Erosion/Corrosion Erosion/corrosion CS

four leaks cited see fiche
62188 pp 354-5, report ST-

South Texas 1 PWR 6/21/1988 thermo well 1.25 leak ACN:9206290087 not given HL-AE-3984 CS
cracked nipple, fatigue-

Salem 2 PWR 9/8/1985 component cooling 1.375 leak special report 89-3 fatigue-vibrational vibration CS
Humboldt Bay 3 BWR 6/1511970 Instrument line 1.5 Leak Stress Corrosion/IGSCC IGSCC SS
Humboldt Bay 3 BWR 7/17/1970 Instrument line 1.5 Leak SCC SCC SS
Oconee 2 BWR 111/1974 Pump seal line 1.5 Leak Unknown Ss

Letter to NRC
Dresden 3 BWR 6/11/1974 Main steam 1.5 Leak (6111174) Unknown Unknown cause CS
Oconee 3 BWR 9/1/1974 Pump seal line 1.5 Leak L-O-K SS

Construction
Oconee 3 BWR 9/3/1974 Reactor coolant 1.5 Leak Defects/Errors Construction Defects/Errors Ss
AN01 PWR 1011/1974 Cold Leg Drain 1.5 Leak NPE V.B 8 Fatigue-Vibrational Leak 1 out of 2 leaks SS
ANO1 PWR 10/111974 Cold Leg Drain 1.5 Leak NPE V.B 8 Fatigue-Vibrational Leak 2 out of 2 leaks SS
ANO1 PWR 10/17/1974 Reactor Coolant 1.5 Leak AO 74-09 Unknown Unknown Cause SS
ANO1 PWR 10/25/1974 Sevice Water 1.5 Leak AO 74-1 OA Fatigue-Vibrational Fatigue fracture CS

Reactor Coolant Drain
ANO1 PWR 11/4/1974 Une 1.5 Leak AO 74-10 Fatigue-Vibrational Second crack same weld SS
Millstone 2 PWR 4/22/1976 Boric Acid 1.5 Leak Stress Corrosion/IGSCC Chloride stress corrosion SS
Sequoyah 1 PWR 10/4/1976 pressurizer 1.5 leak 80-156 fatigue-vibrational fatigue-vibrational SS
Millstone 2 PWR 8/18/1977 SIS 1.5 Leak Fatigue-Vibrational Sch 40 SS

Millstone 2 PWR 11/11/1979 BoricAcid 1.5 Leak Stress Corrosion Cracking Cl SCC Ss
leaked thermowell,

San Onofre 3 PWR 3/11/1981 instrument line 1.5 leak 85-003 unknown unknown cause SS
Millstone 2 PWR 6/17/1981 SIS 1.5 Leak Fatigue-Vibrational SS
Big Rock Point BWR 1011411981 Service Water 1.5 Leak 81-025 Corrosion Corrosion CS
Millstone 2 PWR 6/17/1982 Safety Injection 1.5 Leak Fatigue-Vibrational Fatigue-vibrational SS
ANO1 PWR 4/10/1985 Sevice Water 1.5 Leak PNO-IV-85-015 Erosion/Corrosion Erosion/Corroslon CS
Salem 1 PWR 9/5/1986 service water 1.5 leak 90-026-04 erosion/corrosion Cs
Salem 1 PWR 9/511986 SWS 1.5 leak LER 90-26 erosion/corrosion sch 40 CS

sch 40, stran crack of tee,
Salem 1 PWR 1/23/1987 RHR pump cooler 1.5 leak LER 91-002 not given 100% power Ss
Seabrook PWR 517/1987 condenser 1.5 leak NPRDS erosion/corrosion sch 80 CS
Seabrook PWR 7/6/1987 main steam pump 1.5 leak NPRDS erosion/corrosion sch 80 CS
Salem 1 PWR 11114/1987 SWS bearing cooler 1.5 leak NPRDS erosion/corrosion sch 40, 100% power CS
Salem 2 PWR 3/22/1988 SWS 1.5 leak NPRDS erosion/corrosion sch 40. 20 gpm, refueling CS
Susquehanna 2 BWR 3/2211988 SWS 1.5 leak NPRDS unknown CS
Millstone 3 PWR 5112/1988 SWS 1.5 Leak Eroslon/Corrosion Sch 40,5 gpm. Cu-Ni CS

Sch 40, Cu-Ni, cold
Millstone 3 PWR 10/2511988 SIS 1.5 Leak . Erosion/Corrosion shutdown Ss
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AN01 PWR 1/20/1989 Sevice Water 1.5 Leak PNO-IV-89-04 Construction Defect/Error Weld construction defect -CS

Millstone 3 PWR 6/1611989 SIS *. 1.5 Leak Erosion/Corrosion Sch 40, Cu-Ni Ss
Miiistone 3 PWR 1013111989 SWS/SIS 1.5 Leak .Erosion/Corrosion Sch 40, Cu-Ni CS

Millstone, 3 PW /01 WS I. - 15 Leak Erosion)'Corrosio~ Sch 40,pinhold leak, Cu-N CS
Miilstone 3 PWR 5/1/1990 SWS. . 1.5 Leak Erosion/Corrosion. Sch 40.Cu-Ni . CS

Sch 80, ieak at weld-o-et to
Brunswc IBWR ~11/611990 Closed Cooling Water - ~ 1.5 Leak NPRDS Aging 16 Inch header CS

Brunswick 1 BWR 11/2011990 Closed Cooling Water 1.5 Leak N'PRDS Unknown Unknown CS

Millit6ne 3 -PWR 1/15/1991 1SWS 1.5 Leak --- Erosion/Corrosion .1 Sch 40. Cu-Ni. coast down CS

Millstone3-3 'PWR_ 218/1991. S15IS 1.5- Leak Ero'sion/Corrosion- Sch 40. pinhole leak, Cu-Ni SS-
Millstone 2 PWR 4/22/1991 Steam 1.5 Leak Erosion/Corrosion Erosion/corrosion CS

microbiologically Induced
Vermont Yankee BWR 11/1/1991 fire system SWS (Ci-3) 1.5 leak ACN:9512050064 corrosion CS
Indian Point 2 PWR 1 1/10/1991 iTurbine line 1.5 Leak Erosion/Corrosion Sdh 80. power reduction CS

-feclass 3 relief microbiologically Induced
Viiriont Yainkee _-- BWR__ 11/30/1991 S S .. 1.5 ' leak request 12/l/95-- corrosion'-§- smafl leak-- '-"CS-

.. - . ~questionable failure
Vermont Yankee BWR 12/31/1991 SWS - 1.5 leak ACN:9601230402 erosion/corrosion mechanism CS

~... . . ... . .~ Sch 40, pinhole leak, Cu-Ni.
Mflis(6_r_3_' ~ PWR-' -6/17/1992' SWS/IS - -- 15- - Leak"" ~.Erosion/Corrosion I: 100%power. C -

Millstorii3 PWR -. 8/14/1992 Lube'oll cooler SWS-iube 1.5-' Leak ,, Eroslon/Corroslon--. .- 'Ss-

Millstone 3 PWR 5/14/1993 SWS 1.5 Leak ________Erosion/Corrosion ___________ CS
Millstone 3 PWR 5/2211 993 SWS .1.5 Leak Erosion/Corrosion _ _________ CS
Millstone 3 PWR 8/16/1994 JSWS 1.5 Leak IErosion/Corrosion . CS

* . .Questionalbe failure
Crystal Rli63 -PWR- '1/jI1995 Emergency feedwaler- -1.5 Leak- CAN:.9512140209 Erosion/Corrosion mechanism'- CS-

* *1~ORNL-NSIC-

Dresden I BWR 215/1976 Demineralizer .1.625 Leak 137:110935 Thermal Fatigue .Thermal fatigue Ss
Dresden 1 *.BWR 211/1971 Instrument air...2 Leak Ltr DL 4/22/71 Stress Corrosion/IGSCC IGSCC . Ss

* . chemical and volume
SurrylI PWR - 4/15/1971 cntrol . -2- - Ieak A0501-- fatigue-vibrational -- aiu-irtoa .

Surry 1 PWR 4/15/1971 circulation 2 leak AO-S1-75-1 17 not given. . , .C

Surry 2 PWR 12/29/1971 main steam 2 leak 75-021 erosion/corrosion erosion/corrosion CS
fatigue-vibrational, SCC?.

Trojan. PWR 2/28/1973 reactor coolan.t 2-- crack/leiak 77-003L - fatig66-vibratl~naV l 1/2"- -

- ,. fatigue-vibrational, SCC?
Trojan PWR 2/28/1973 Ireactor coolant 2 crack/leak 77-003L fatigue-vibrational 2/ s

Brows Frry1 BW 5/0/173 ervie Wter2 Rptur Lt DL 7/113 Waer ammr Waer ammrSC
Browns Ferry 1 BWR 5/23/1973 Residul eatRemoa 2 Rupture Ltr DL; 7/9/73 Water Hammer .Water Hammer C S
Quadn Cities 2 BWR 3/43/1974 Reactorl cooant Rmvl 2 Ruptlea .t 78-7013 Wte unkn mn enknWnte causer Ss___
Qad~ Piis WR 4/154/1974 Meakeup System. .2 leak 78.Lt D04153 Faiue-VbraionlnFtiue-vibrationS

JANO … W 4.5- 97 Ma.eu Sytm - ek LrD.418 aiueVbai l FtgevbainS
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Oyster Creek BWR 5/29/1974 Reactor coolant 2 Leak Unknown Unknown cause SS
Dresden 2 BWR 7/31/1974 Feedwater 2 Crack/Leak RO Unknown Cracked weld, unknown CS
Browns Ferry 2 BWR 10/16/1974 Coolant Recirculation 2 Leak AO 74-19W Fatigue-Vibrational Fatigue-vibrational SS

Letter to NRC
Dresden 1 BWR 10/25/1974 Core Spray 2 Leak (11/25174) Erosion/Corrosion Erosion and cavitation SS
Vermont Yankee BWR 1/9/1975 RWCU 2 leak LER 79-001 unknown SS
Cook 1 PWR 11/30/1975 RHR 2 leak NPE VIII.B.102 fatigue-vibrational SS

Trojan PWR 1217/1975 component cooling 2 leak 79-016 construction defect/errors construction defect/errors Cs
Calvert Cliffs 1 PWR 12/12/1975 Main Steam 2 Leak 75-003L Erosion/Corrosion Erosion/Corrosion CS
Humboldt Bay 3 BWR 3/16/1976 Reactor water cleanup 2 Leak Unknown Unknown cause SS
Humboldt Bay 3 BWR 3/16/1976 Reactorwater deanup 2 Leak Unknown Unknown cause SS

chemical and volume
Salem 2 PWR 6/17/1976 control 2 rupture 80-001 fatigue-vibrational fatigue-vibration SS
Haddam Neck 1 PWR 7/20/1976 Flow sensor 2 Leak other Wom threaded fitting SS
Fort Calhoun PWR 10/1/1976 Reactor Coolant 2 Leak 76-0325 Fatigue-Vibrational Fatigue-Vibrational SS

socket weld failed, fatigue-
Pilgrim BWR 10/31/1976 reactor water cleanup 2 rupture NPE; BWR-2; 72 fatigue-vibrational vibration SS

Cooper BWR 11/4/1976 Reactor Coolant 2 Leak RO 76-44 Construction Defect/Errors Construction defect/error SS

Pilgrim BWR 11/12/1976 service water 2 leak 80-084 construction defect/errors fabrication defect CS
Ginna PWR 12/16/1976 Reactor Water Cleanup 2 Leak RO 76-027 Erosion/Corrosion Erosion/Corrosion Ss

Chemical and volume
Indian Point 2 PWR 3/11/1977 control 2 Leak Fatigue-Vibrational Fatigue-Vibrational SS
Calvert Cliffs 2 PWR 4/27/1977 CVCS 2 leak 77-34-03L fatigue-vibrational SS

Chemical and volume
Maine Yankee 1 PWR 612/1977 control 2 Failed Erosion/Corrosion Erosion/corrosion SS

Steam valve pulled away
Davis Besse PWR 9/2411977 Main steam 2 Leak RO NP-32-77-16 Unknown from pipe, unknown cause CS
Monticello BWR 1011011977 Residual heat removal 2 Leak Fatigue-Vibrational Fatigue-Vibrational Ss
Salem 1 PWR 12/5/1977 service water 2 leak 81-119 corrosion corrosion CS
Three Mile Island 1 PWR 1/2711978 feedwater 2 leak 82-002 stress corrosion/IGSCC stress corrosion CS
Calvert Cliffs 1 PWR 4/12/1978 Reactor Coolant 2 Leak 78-016 Fatigue-Vibrational Fatigue-vibration SS

Chemical and volume
Fort Calhoun PWR 5/20/1978 control 2 Leak 78-014 Fatigue-Vibrational Fatigue-vibrational SS

Dresden 2 BWR 811/1978 Reactor Coolant 2 Leak 78-046 Construction Defect/Errors Construction defects/errors SS
Monticello BWR 11/2111978 Main steam 2 Leak Erosion/Corrosion tzrosioniCorrosion CS

Surry 2 PWR 12/18/1978 coolant recirculation 2 leak 82-075 construction defect/errors construction defects/errors SS
chemical and volume

Turkey Point 3 PWR 1/6/1979 control 2 leak 83-001 fatigue-vibrational fatigue-vibrational Ss
Vermont Yankee BWR 117/1979 feedwater 2 leak 83-002 unknown unknown cause CS
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- - Chemical and volume Thermal Fatigue, stress,
Haddam Neck I PWR 3/10/1979 control 2 Crack/Leak Thermal Fatigue corrosion, IGSCC Ss

Pilgrim BWR 4/9/1979 fire protection 2 upre 83-019 unknown threaded connection failed Cs
-. .. Chemical and Volum

AN02 PWR 4/18/1979 Control 2 Leak 79-31, Fatigue-Vibration al' * Fatigue-'vibration . Ss
Dresden 2 BWR 5/3/1979 Service Water 2 Leak 79.008 Erosion/Corrosion Erosion/corrosion Cs

Quad Cities 1 SWR 5119/1979 residual heat removal 2 leak* 83.021 6onsthuction defect/errors conistruction defects/eftrors Ss
Yankee Rowe PWR 8/31/1979 main steam 2 leak 83-028 erosion/corrosion steam erosion/corrosion Cs
Calvert Cliffs 1 PWR 9/1/1979 Salt Water -2 Leak NPE VIII.13.273 Wrong Material CS

chemical and volume -

St. Lucle 2 PWR 11)7/1979 control 2 leak 83.071 - unknown un-know'n SS
Prairie Island 1 PWR 3/13/1980 boric acid line 2 leak NPRDS unknown sch 40 rSs
Indian Point 2 PWR 5/12)1980 Service water 2 Leak _________Fatigue-Vibrational Fatigue-Vibrational Cs
Peach Bottom 2 BWR 6/6/1980 instrument line 2 leak 84-010 stress corrosion/1GSCC IGSCC; Ss

Salem 2 . PWR -7/411980 feedwater -2- ~leak 84-016 3 in.crackin ppe, uknow
Millstone 2 PWR 7/29/1980 Safety Injection 2 Leak _________Fatigue-Vibrational Fatigue-vibrational Ss
LaSalle 1 BWR 9/20/1980 Radwaste 2 Leak-, _______ Corrosion Corrosion *Ss

- . .- I. .* NPE VIIIA 70 , . .

Dresden 3 BWR 10/1/11980 RWCU equalizer 2 Leaki (13WR-2, Book-2) Unknown IGSCC' 'SS'
Big Rock Point BWR 1216/1980 Control Rod Drive 2 Leak 80-042 Erosion/Corrosion Erosion/Corrosion- Ss
Millstone 2 PWR 1/3/1981 Safety Injection 2 -Leak? _______ Fatigue-Vibrational.5

Pilgrim BWR 2/14/1981 service water 2 leak 85-004 construction defect/errors construction defects/errors CS
Ginna PWR 3/23/1981 Boric Acid 2 Leak 81-006 Stress Corroslon/IGSCC Stress corrosion S
Prairie Island 1 PWR 517/1981 instrument air 2 breakage 85-009 unknown unknown .Ss

Sequoyah I PWR 7/28/1981 containment heat removal 2 leak 85-031 fatigue-vibrational fatigue-vibrational Cs
Sch 40 Cu-Ni, pinhole leak,

Indian Point 2 PWR 8/29/1981 'SWS fan cooler elbow 2 Leak Erosion/Corrosion' cold shutdown Cs
Big Rock Point BWR i9/6/1981 Foolant R~ecirculation 2 Leak 81-020 Corrosion . Corrosion s
Oconee 2 BWR 11/24/1981 lFire protection 2 Leak other Personnel error Cs
Millstone 2 PWR .4/1/1982 Service water 2 Leak ________Erosion/Corrosion Erosion/corrosion Cs

Corrosion and excessive
Big Rock Paint BWR 4/22/1 982 Radwaste 2 Leak 82-014 Corrosion acid Ss
AN02 PWR 6/3/1982 Pressurizer 2 .Leak PNO-IV-82 Unknown .S

-- - Corrosion of flexible hose. 5
Indian Point 2 PWR 8/11/1982 Residual heat removal 2 Leak _______ Corrosion, -~hoses corroded, sch 80 Ss

Leaked tube In fan cooler,
Indian Point 2 PWR -9/2/1982 Cont. fan cooler 2 Leak _________Corrosion corrosion, sch 80 Cs
GInna PWR 10/11/1982 Boric Acid 2 1 Leak 182-027 Stress Corrosion/JGSCC Stress corrosion Ss
Haddam Neck 1 PWR 10/15/1982 Coolant recirculatlon 2 Leak I_________Fatigue-Vibrational Weld joint failure Sss
Dresden 2 BWR 12/26/1982 Reactor Water Cleanup 2 -Leak 182-058 . Stress Corrosion/IGSCC Stress corrosion SS
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Dresden 3 BWR 115/1983 Reactor Waler Cleanup 2 Leak 83-003 Stress Corrosion/IGSCC IGSCC SS

LaSalle I BWR 2t2/1983 Main steam 2 Leak Construction Defect/Errors Construction defect/errors Cs

LaSalle 1 BWR 2/5/1983 Main steam 2 Leak I Construction Defect/Errors Construction defect/errors CS
Fitzpatrick BWR 6/7/1983 Control Rod Drive 2 Leak 83-023 Stress CorrosbontIGSCC IGSCC Ss

Ginna PWR 9/16/1983 BoricAcid 2 Leak 83-028 Construction Defect/Errors Construction Defect/Errors SS

Dresden 3 BWR 10/4/1983 Coolant recirculation 2 Leak 83-035 Construction Defect/Errors Construction defect SS
St. Lucie 1 PWR 10/7/1983 reactor coolant 2 leak 87-014 fatigue-vibrational fatigue-vibrational Ss
Crystal River 3 PWR 10126/1983 Coolant recirculation 2 Leak 183-048 Fatigue-Vibrational Fatigue-vibration SS
Dresden 3 BWR 11/15/1983 Reactor Water Cleanup 2 Leak 83-039 Stress Corrosion/IGSCC Stress corrosion Ss
Prairie Island 2 PWR 1/14/1984 safety injection 2 leak IN 91-05 stress corrosion/IGSCC IGSCC Ss
Big Rock Point BWR 5/30/1984 Sevice Water 2 Leak 84-003 Erosion/Corrosion Erosion/corrosion CS

Palisades PWR 7/4/1984 Aux. feedwater recirc. line 2 Leak Fatigue-Vibrational Sch 80. socket weld CS
McGuire 9 PWR 8/5/1984 Residual heat removal 2 Severed Water hammer Water hammer SS
Salem 1 PWR 8130/1984 SWS fan cooler 2 leak NPRDS erosion/corrosion sch 40 CS

sch 46. galvanic corrosion,
Turkey Point 4 PWR 1/4/1985 lube cooling 2 leak NPRDS corrosion defueled SS
McGuire 7 PWR 6/24/1985 Feedwater 2 Severed Water hammer Water hammer CS
Salem 1 PWR 7/17/1985 condensate 2 leak NPRDS erosion/corrosion sch 80 CS
Kewaunee PWR 8/8/1985 Steam vent 2 Rupture Erosion/Corrosion CS
ANO2 PWR 8/13/1985 Condensate 2 Rupture 85-015, 016 Water Hammer Water Hammer CS
Crystal River 3 PWR 8/20/1985 Turbine drain line 2 Severed 85-015 Fatigue-Vibrational Fatigue-vibration CS

Calvert Cliffs I PWR 10/9/1985 Containment heat removal 2 Leak 85-043 Construction Defect/Error Construction Defect/Error CS
Salem 2 PWR 7/4/1986 service water 2 leak 90-026-04 erosion/corrosion erosion/corrosion CS
Robinson 2 PWR 9/30/1986 safety injection 2 leak IN 91-05 stress corrosiontGSCC IGSCC SS
Salem 2 PWR 10/23/1986 service water 2 leak 90-026-04 erosion/corrosion erosion/corrosion CS
Robinson 2 PWR 12/15/1986 RHR 2 leak NPRDS erosion/corrosion sch 40. refueling SS
Salem 2 PWR 1/9/1987 SWS room cooler 2 leak LER 91-003 erosion/corrosion sch 40. 100% power CS
Salem 2 PWR 1/29/1987 SWS lube oil cooler 2 leak LER 91-003 erosion/corrosion sch 40. 100% power CS
Hope Creek BWR 2/11/1987 Coolant recirculation 2 Failed Fatigue-Vibrational Fatigue-Vibrational SS

sch 80. slag In weld, 29%
Robinson 2 PWR 3/10/1987 aux. Feedwater recirc 2 leak NPRDS construction defect power CS

Corrosion from
Beaver Valley 2 PWR 6/10/1987 Component Cooling 2 Leak Special Report Corrosion microorganism CS
Turkey Point 3 PWR 10/2/1987 Teerdwater 2 leak NP'PRDS raTigue-vibrational sch 46. startup mode CS
Monticello BWR 11/25/1987 Coolant recirculation 2 Leak Fatigue-Vibrational Fatigue-vibrational SS

high pressure core
Susquehanna 2 BWR 12/15/1987 injection 2 leak 91-015 [2-92:3071 erosion/corrosion erosion/corrosion SS
Maine Yankee PWR 2/23/1988 RHR refueling tank line 2 Leak Water hammer Sch 40. full power SS
Indian Point 3 PWR 3/31/1988 Feedwater 2 Leak __ Water hammer Water hammer CS
Sequoyah 1 PWR 6/1/1988 ERCW 2 leak ACN:9208110083 erosion/corrosion CS
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cure¶PR 5/98 Mansembasto - 2 ea ________ GvnSch 80. cracked coupling C

microbiologically Induced
SequoyahlI PWR 1112211988 raw cooling water 2 leak ACN:9304290090 corrosion ___________ Cs

fitting failure. construction
Surry 2 PWR 1211411988 containment heat removal 2 ieak 92-008 constructio defect/e-ro'rs' defect/-eIrr-or-s Cs
Indian Point 3 PWR 211311989 SWS 2 Leak Not Given* __________ Cs
Surry 1 PWR 5/12/1989 chillers .*2 leak LER-93-6 ' corrosion ___________ Cs

Pilgrim BWR 9/2111989 containment heat removal 2 leak 93.018 construction defect/errors construction defectslerrors Cs

Millstone 3 PWR 1113011989 1D.G. SWS 2 Leak ________Erosion/Corrosion Sch 40, pinhole leak. Cu-Ni Cs
Millstone 3 PWR 12121989 D.G. SWS 2 Leak ________Erosion/Corrosion Sch 40, Cu-Ni Cs
Indian Point 3 PWR 9/26/1990 SWS 2 Leak _________Not Given ____________ Cs

Robinson 2 PWR 10/3/1990 CVCS (CI-3) 2 leak CAN:941112501117 stress corrosion cracking S_________ _ ss

Summer PWR 1214/1990 containment heat removal 2 leak 194-006 construction defect/errors construction defect/errors Cs

l~eakI 61:utof 4leaks found;

Previous cracks/leaks found
I ~.. R 50-312-90-3. IR In socket welds on 9/1 6/89.'

Diablo Canyon I PWRi 12/11/1990o CVCS 2 Leak 50-275-90-31 Fatigue-Vibrational 6/24/90. 10/30/90, 12)4/90. S

Leak 2 out of 4 ieaks round
... between 12)11-19-90.

... - .Previous cracks/leaks found
50-312-90-3, IR in socket welds on 9/16/89,

Diablo Canyon I PWR 12/11/1990 CVCS 2 Leak 150-275-90-31 Fatigue-Vibrational 6/24/90, 10/30/90, 12/4/90. Ss

- .. -. .. ~ .. ,.. . Leak 3out of 4leaks found
' between 12/1 1-19-90:'

-. . . . - .~..,Previous cracks/leaks found .
IR 50-312-90-3. IR In socket welds on 9/16/89.

Diablo Canyon ¶ PWR 12/11/1990 CVCS -2 Leak 50-275-90-31 Fatigue-Vibrational 6/24/90, 10/30/90, 12/4/90., S

I
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Leak 4 out of 4 leaks found
between 12/11-19-90.
Previous cracks/leaks found

IR 50-312-90-3, IR in socket welds on 9/16/89,
Diablo Canyon 1 PWR 12/11/1990 CVCS 2 Leak 50-275-90-31 Fatigue-Vibrational 6/24/90, 10/30/90. 12/4/90. SS

Stress Corrosion Cracking,
ANO1 PWR 12/22/1990 Containment heat removal 2 Leak 90-021 IGSCC Stress Corrosion Cracking CS
Duane Arnold BWR 1/6/1991 Main steam 2 Rupture 91-001 Fatigue-Vibrational Fatigue-vibration CS

Sequoyah 1 PWR 2/22/1991 containment heat removal 2 leak 95-002 unknown instrument line failure CS
Sch 40, steam leak at flow

Brunswick 1 BWR 2/26/1991 Main Steam Isolation 2 Leak NPRDS Mechanical Damage orifice, 20% power CS
McGuire 1 PWR 4/15/1991 Main steam drain 2 Leak Erosion/Corrosion Sch 80 CS
Indian Point 2 PWR 7/21/1991 Service water 2 Leak Corrosion Leak, 4 gpm, sch 40 mic CS

Microbiologically induced
Millstone 2 PWR 8/17/1991 SWS 2 Leak corrosion Sch 40. mode 3 CS

chemical and volume
Catawba 1 PWR 6/22/1992 control 2 leak 92-006 thermal fatigue thermal fatigue Ss

Chemical and volume
Diablo Canyon 1 PWR 6/22/1992 control 2 Leak 92-009 Thermal Fatigue Thermal fatigue SS

Moisture separator
Maine Yankee 1 PWR 7/22/1992 reheater 2 Rupture Erosion/Corrosion Erosion/corrosion SS

Steam Generator Blow Sch 80, pinhole leak, hot
Calvert Cliffs 1 PWR 8/13/1992 Down 2 Leak NPRDS Erosion/Corrosion standby CS

Questionable failure
Millstone 3 PWR 6/15/1993 SWS 2 Leak Erosion/Corrosion mechanism CS

Questionable failure
Millstone 2 PWR 6/29/1993 D.G. SWS 2 Leak IGSCC mechanism CS

Sch 40, <1 gpm, 100%
Millstone 2 PWR 6/29/1993 SWS 2 Leak Erosion/Corrosion power CS
Millstone 2 PWR 1/11/1994 SWS to pump bearings 2 Leak Corrosion Sch 40, 90% power CS

Erosion, Pipe coating failue,
94-001-01. PNO-1ll- Cathodic protection system

Dresden 1 BWR 1/25/1994 Service Water 2 Rupture 94-036. IN 94-38 Erosion/Corrosion upfgraded Cs
Millstone 2 PWR 2/8/1994 Cooling coil Cu-Ni 2 Leak Erosion/Corrosion SS
Millstone 2 PWR 5/16/1994 Boric Acid 2 Leak Erosion/Corrosion Erosion/corrosion SS

Browns Ferry 2 BWR 2/9/1995 Containment heat removal 2 Leak 95-002 Unknown Unknown CS
Ginna PWR 7/23/1996 Containment spray 2 Leak 96-009 fabrication defect Weld defect Ss

leak 1 of 2 leaks found in
Quad Cities 1 BWR 5/6/1980 SWS/RHR 2.5 leak 84-7 fatigue-vibrational 2.5' line CS

leak 2 of 2 leaks found in
Quad Cities I BWR 5/6/1980 SWSIRHR 2.5 leak 84-7 fatigue-vibrational 2.5' line CS
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Dresden 2 BWR 412611981 Gore Spray 2.5 Leak S -2 t~ress Corrosion(IGSUCC IGSCG ss

Prairie Island I . PWR 1011511981 contain ment heat remo-valI 2.5 :... eak-.: 85-016 fatigue-vibrational fatigue-vibration -Cs

Prairie Island 1 PWR 10/15/1981 fan cooler 2.5 leak LER 85-016 fatigue-vibrational - Cs

82-004. PNO 11-82- Cracked weld, Construction
Cryital River 3 PWR' 1g/21982 Reactor Coolant 2.5 Leak 013, IN 82-09 Construction Defect/Errors defects/errors Ss

CstlRvr3.PR 21/82 Reactor Coolant 2. ek IN 82-09 Thermal Fatigue Thermal fatigue .Ss

Drse W //92 Radwaste 2.5 Lek 82-014, Eroslon/Corrosion. . Crack due to corrosion Ss

Crystal River 3 PWR 5/21/1982 Makeup system 2.5 Leak 82-037 Fatigue-VIbrational , Fatigue-vibration SS,-,
Crystal River 3: PWR 5/31/1982 Makeup system 2.5 Leak 82-037 . Fatigue-Vibrational. Fatigue-vibration Sss
Miilstone 1 PWR 2/7/1985 ESW SWS 2.5 Leak ________Eroslon/Corrosion Sch 40 Ss

I Sch 40; pinhole leak,
Indian P~olnt 2 PWR 11/9/1986 Inst. Air cooler 2.5 Leak __________Corrosion, . .. refueuing . ,Ss

- - ~ .Sch 40. pinhole leak, salt
Millstone 1I PWR '6/28/1992 ESW SWS 2.5 Lek _____ _Erosion/Corrosion - water, full power- -. SS -
Hatch 1.;. BWR 4/9/1993 RPV Inst nozzle. 2.5 Leak ________ Not Given No cause *..Ss

Cooper:-x .. BWR 4/1/1 995 Fire Protection 2.5 ,Leak 95-009' Corrosion Corrosion/lack of fusion -CS

Indian Point 3___ PWR - 6/19/1985 Fan cooler hose 2.86 ~ Leak,. _______ Wear . , Sch4O ~ ,-.--- CS--
IndianPolnt3.K____.. PWR -7/15/1985 Fan cooler hose-.,. 2.86 .;Leak _ ______Wear *. Sch 40 ---- -CS---

. -.. -.. *.. ,.~ Sch 40,normal op.. leakl1

Indian Point 3 -. PWR. '2/11111987 Fan cooler hose 2.886ek ______ Wear. 7Tof 2 - <-- CS-
Sch 40,normal op..,leak 2

Indian Point 3 PWR 2111/1987 Fancbooler hose z2.86 . Leak iWear- ~ . oft2 Cs.__. C
Indian Point 3 . PWR 8/4/1987 Fan cooler hose 2.86 Leak Wear .Sch 40 .Cs

Indian Point 3 PWR 8/12/1987 Fan cooler .2.86 Leak _________Wear Sch 40 Cs
Indian Point 3 . PWR 10/24/1988 Fan cooler hose 2.86 Leak -1Wear Sch 40 Cs
Indian Point 3 PWR 2/14/1989 Fan cooler hose 2.88 Leak ________Wear .Sch 40 Cs
Indian Point 3 . - PWR - 8/23/1989 Fan cooler hose 2.86 .Leak .Wear. Sch 40 .Cs

Indian Point 3 -.- PWR 9/21/1989 Fan cooler hose 2.86 Leak .: Wear *-Sch 40, normal op. .Cs

Indian Point 3 PWR 7/20/1990 Fan cooler hose 2.86 .Leak Wear, Corrosion Sch 40 Cs~
Indian Point 3 PWR 8/10/1 990 Fan cooler hose 2.88 Leak~ Wear Sch 40 Cs
Indian Point 3 .. - PWR -12/12/1991 Fan cooler hose 2.86.' Leak .Wear - .SCh 40 Cs
Indian Point 3 PWR 3/21/1 992 Fan cooler hose .2.86 :Leak ________Corrosion Sch 40, full power Cs
Indian Point 3 . PWR 9/8/1996 Fan cooler hose 2.86, - -Leak- ______ Wear, :. - -. -- Sch4O -. Cs.
Vermont Yankee --. .. .BWR_- 5/2/1970 - control rod drive 3 leak~ DL. No. 116 unknown . unknown cause Sss

Oyster Creek BWR 12/8/1972 Service water 3 Failed. Erosion/Corrosion . rso/orsoi Cs
Dresden 2-.--BWR .4/27/1974 Reactor Water Cleanup 3 Crack/Leak AO, NPE-XiI-22 Corrosion E~xtemnal corrosion, Ss
Humboldt Bay 3 BWR 4/27/1974 Torus transfer 3 Leak ________Corrosion S_________ _ ss
San Onofre 1 PWR 10/22/1974 ICVCS 3 la NPDS not given . leak 1 of 2 leaks S
San Onofre 1 '-- PWR 10/22/1974 CVCS 3 leak NPRDS not given . .leak 2of 2 leaks Ss
Dresden 3 BWR- 11/9/1974 Feedwater 3 Leak AO 74-33 . Erosion/Corrosion Erosion, turbulent flow Cs

Point Beach 1 PWR 3/11ill975 containment heat removal 3 ileak 79-0-2/01 iT eioslon/c6r6slon - erosion/corrosion -Cs

Pilgrim -. - BWR _.I.. 7/9/1975 control rod drive 3 leak' 179-021 unknown , -. ukown S

Millstone 2 PWR 10/1 1/1 979 t Boric Acid 3 Leak ________Stress CoErtsion/lGSCC; CI-stree corrosion SS
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Vermont Yankee BWR 711411989 SWS 3 leak NPRDS corrosion sch 80 Cs

Vermont Yankee BWR -7/31/1989 SWS (CI-3) . 3 leak ACN:9308260358 pitting occurrence 1 of 2 Cs

---- - .. - . - Sch 40. large leak,

Fort Calhoun PWR 3/20)lg90 Extraction steamntine- 3- Leak NPRDS. . - Erosion/Corrosion shutdown* r Ss.
Big Rock Point BWR 7/111990 IRWCU --.- ,.3- -- Leak - LER 96-001 IGSCC' Pipe valve Ss

Big Rock Point BWRI 7/22/1990 iReactor Water Cleanup ,.3 Leak 90-003 Thermnal Fatigue Thermal fatigue Ss
-- -- -... microb"Molgic-aily induced

VrntYneBR 830/1 990 ISWS (C1-3) 3 leak ACN:9409220148 corrosion C

Millstone 3 i PWR 11/311990 SWS -3-- Leak- ------ Not Given - - _______ Cs

Millstone 3 -PWR 41115/1990 SWS 3 Leak Not Given ___________ Cs

Millstone 3 PWR 1 2/7/1990 SWS 3 Leak Not Given ___________ CS

Millstone 2 WR 1/1 5/1 991 SW S 3Leak EoinC roinSt 0C

Millstone 3 PWR 4/8/1991 Service waler 3 Leak -Erosion/Corrosion Erosion/corrosion Cs

San Onofre 3 PWR 6/18/1991 boric acid makeup -3 leak---ACN:9601300226 IGSCC . - - . I ss
North Anna I PWR 9/5/1 991. service water - ' -3 -. Leak -Corrosion ' , Corrosion (mic) Cs

-,-7.- . - -.. Microbiologically induced~ -
-reik , BWR i0130/1 991 SEW - 32-'; Leak-- . corrosion i ch 40 full power -Cs

Browns Ferry 3 7' BWR - 11/4/1991 Fire Protection 3 i Leak 191-4 Unknown ___________ CS

- . '-- - IGSC -:'Questionable failureC S
Millstone 2 PWR .1/15/1991 Header to pier - 3 PWR- -Leak- IGS66 L -iechanism C

--- *-. -.--..-..- - Mlcrob iologlcally Induced - ,

Millstone 2 - PWR.,, 11/15/1991 SWS - 3 - Leak corrosion Sch 40 S

-co-- - - - .-- ~. . Sch 80,pinhole leaks, full r -.. -

indian Point 3 PWR - 4/2/1992 lInstrument air cooler -3 - Leak Crrosion - ower - - SS
- - - - - - -Sch 80, iack of penetration,

Fort Calhoun PWR 8/4/1992 CVCS elbow 3 Leak NPRDS fabrication defect shutdown sS
North Anna 1 PWR -8/26/1992 Main steam 3 Leak - Erosion/Corro sionon Cs

- - - - Porosity In Intlal casting.

Comanche Peak 2 PWR 12118/1992 Main Steam - 3 leak CP-92-018 - -Construction defact/errors construction defect 'CS
. ..... - ---- -Sch 40, pinhole leak, 1 00%

Millstone 3 PWR '2/23/1993' SWS to SIS 3 Leak - -- - ErosIon/Corrosion power Cs

Millstone 3 PWR - 5/24/1993 JSWS - 3 Leak -Erosion/Corrosion Cs

Cooper BWR 6/6/1993 Service Water 3 Leak - ACN:9308250 Unknown Event dates: 6/6-7-17/93 Cs

Catawba 1 PWR, 6/16/1993 Containment vent 3 leak NPRDS Corrosion . Sch 40, at power Cs -

- -- ---- Stresscorrosloninheat-.-

- . -.- affected zone of power- …

Palisades PWR 9/19/1993 Service water - - 3 - --Leak Stress Corroslon/IGSCC - operated relief valve line -. Cs

Catawba 1 PWR 10/18/1993 IContainment vent 3 - leak JNPRDS Corrosion Sch 40, 100% Power Cs

Indian Point 2 PWR 6/20/1995 SWS -- -3 Leak -Unknown- . Cs

Big Rock Point BWR 1/5/1 996 RWCU --3----Leak- - LER 96-001 IGSCC .ss

-. -.--. .-. Steam leaklIout of2 In SS
-. *- - pIpe found during refueling --

Big Rock Point - BWR 1/115/1996 RWCU -3- - ea LER 96-001 Nofie uae- S
* -- - -Steam leak 2out of 2in SS

- - ~pipe found during refueling -

Big Rock Point -BWR 1/15/1996' RWCU - 3- - -Leak LER 96-001 Not Given - .. outage ss

Page 33



Pipe Database Appendix A 4/512005

Station PlantType Date System Name Pipe Size Break Def References Failure Mechnism Comments Material

leak 3 of 3 leaks,

NPE Vil.A.63 (BWR questionable failure

Quad Cities 2 BWR 12131/1965 RWCU 4 leak 2. Book-2) IGSCC mechanism SS

Dresden 1 BWR 2/1/1966 Reactor Water Cleanup 4 Leak NUREGi75-067 Stress Corrosion/IGSCC IGSCC SS

Oyster Creek BWR 10/1/1967 Control rod drive 4 Leak I_ Stress CorrosiontlGSCC IGSCC prior to operation SS

ORNL-NSIC-

Zion 2 PWR 7/17/1968 reador coolant 4 leak 109:73235 construction defect/errors construction defect SS
73425; vent pipe; valve

Surry 1 PWR 8/6/1968 condensate 4 severed NISC-109; 72747 unknown pulled out Cs

NSIC-
122;09044;Power
reactor- valve body failed; 4000-

Aug.Sept.75; AO 7000 gal; low flow feedwate

Quad Cities 2 BWR 6/911970 feedwater 4 rupture 74-14 unknown valve CS

Quad Cities 2 BWR 9/15/1970 cooiant recirculation 4 crack/leak AO 14-25 s ress corrosion/aU55; SS

Dresden 1 BWR 11/1/1970 Coolant recirculation 4 Leak LtrDL4/22/71 Stress Corrosion/IGSCC IGSCC SS

Quad Cities 2 BWR 11/9/1970 FW bypass 4 rupture not given not given CS

- Questionable failure

Circulation pump nipple , mechanism: crack at flange

Dresden 1 BWR 12/17/1970 with blind flange 4 Leak Letter DL IGSCC had IGSCC? SS

Quad Cities 2 BWR 12/22/1970 core spray 4 leak NUREG/75-067 stress corrosion/lGSCC IGSCC SS

NUREG175-067. AO
Quad Cities I BWR 1/9/1971 coolant recirculation 4 leak 75-3 stress corrosion/GSCC IGSCC, 3 cracks SS

Letter to NRC

Dresden I BWR 2/3/1971 Demineralizer 4 Leak (3/5/71) Stress Corrosion/IGSCC IGSCC SS
Poor welds, construction

Haddam Neck 1 PWR 7/1/1971 Service water 4 Rupture Construction Defect/Errors defect CS

Quad Cities 2 BWR 7/19/1971 feedwater 4 crack/eak AO 75-24 stress corrosion/IGSCC stress corrosion CS

Quad Cities 2 BWR 10/6/1971 feedwater 4 crack/leak AO 75-37 unknown unknown CS

Millstone 1 PWR 1/1/1972 Main steam 4 Failed . Water hammer Water hammer CS

Quad Cities 1 BWR 1/7/1972 coolant redrculation 4 leak RO 76-04 stress corrosion/IGSCC IGSCC SS
Failed threaded fitting, 7

LaCrosse BWR 1/20/1972 Main steam 4 Rupture Construction Defect/Errors failures CS

chemical and volume ORNL-NSIC-

Salem 1 PWR 3/30/1972 control 4 failed 138:112159 fatigue-vibrational fatigue-vibration SS

Pilgrim BWR 914/1972 reactor water cleanup 4 leak 76-021 stress corrosion/IGSCC IGSCC SS

Indian Point 1 PWR 12/29/1972 Desuperheater 4 Rupture Unknown Unknown cause SS

chemical and volume
Trojan PWR 9/22/1973 control 4 leak 77-038 fatigue-vibrational fatigue-vibiational SS

Millstone 1 PWR 12/12/1973 Main steam 4 Rupture Unknown Water hammer CS

NPE VII.C.132
Quad Cities 2 *BWR 2/28/1974 reactor head vent 4 leak (BWR-2, Book-2) IGSCC SS

Quad Cities 2 BWR 3/4/1974 service water 4 leak 78-017 corrosion/corrosion erosion/corrosion CS

Robinson 2 PWR 3/4/1974 boric acid 4 leak NUREG-0679 stress corrosion/lGSCC stress corrosion SS

Quad Cities 2 BWR 5/21/1974 reactorwater cleanup 4 leak 78-023 stress corrosion/lGSCC IGSCC SS

Quad Cities 1 BWR 5/25/1974 reactor water cleanup 4 leak No LER erosion/corrosion erosion/corrosion SS
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AO 74-02, NUREG- Construction defects/errors,
ANO1 PWR 6i2611974 Residual Heat Removal 4 Leak 0691 Construction Defect/Error SCC SS

NUREGf75-067, AO
Dresden 2 BWR 9i1311974 Coolant recirculation 4 Leak 74-M26 Stress Corrosion/lGSCC IGSCC - SS
Dresden 2 BWR 9/15/1974 Coolant recirculation 4 Leak NUREG/75-067 Stress Corrosion/IGSCC IGSCC Ss
Millstone 1 PWR 9/16/1974 Coolant recirculation 4 Leak Fatigue-Vibrational IGSCC - SS
Dresden 1 BWR 11/2/1974 Reactor Water Cleanup 4 Leak AO 74-16 Corrosion Corrosion SS
Dresden 2 BWR 12/13/1974 Coolant recirculatlon 4 Crack/Leak AO 74-77 Stress Corrosion/IGSCC IGSCC SS

leak 1 of13 leaks,
.. : . ...... . NPE VilA63 (BWR. questionable failure

Quad Cities 2 BWR 12V31/1974 RWCU 4 leak 2, Book-2) thermal fatigue mechanism SS
Quad Cit.es 2 BWR 1 1/NPE VIlA.63 (BWR

Qu Cities BWR_ leak 2. Book-2) unknown leak 2 of 3 leaks SS
Salem 1 PWR 12/31/1974 charging 4 failed NPE VIII.A.393 fatigue-vibrational SS

Big Rock Point BWR 2/24/1975 Condensate 4 Leak AO 75-7 Construction Defect/Error Construction defect CS
. chemical and volume

Turkey ioint 4 PWR 3114i1975 control . 4 leak" 79-003/3L l ftgue-vibratlonal fatigue-vibrational SS
Quad Cities 2 BWR 4/4/1975 reactorwatercleanup 4 leak 79-007 erosion/corrosion erosion/corrosion Ss

Ginna PWR 4/2211975 C6ntr6l Rod DrIve 4 Leak AO 75-09-;---- Construction Defect/Errors tnstallatiorfierror- -- SS-"
Quad Cities 2 BWR 4/26/1975 reactor water cleanup 4 leak no LER erosion/corrosion erosion/corrosion Ss

Galvanic Corrosion,
AN61 - - PWR 8/24/1976 Feedwater It Leak RO76-13- - Corrosion scheduli40 CS

Chemical and volume
Millstone 2 PWR 10/14/1976 control 4 Leak .. sign-Dyrnamic Load Crack, poor design - SS
Vermont Yankee BWR 10/26/1976 reactorwatercleanup 4 teak 80-037 stress corrosion/IGSCC IGSCC in 5 of 13 welds SS

Cracked pipe reducer,
Millstone i PWR 11/21/1976 Core spray 4 Leak stress Corrosion/iGCSS IGSCC SS

NPE VII.D.1 1 . . Questionable failure
Brunswick 2 BWR 12V1/1976 RHR at cleanout 4 Leak (BWR.2, Book 2) Thermal Fatigue mechanism - SS
Vermont Yankee BWR 12/28/1976 deanup 4 leak PNO-1-80-181 not given leak 1 out of 2 leaks SS
Vermont Yankee BWR 12/28/1976 cleanup 4 leak PNO-1-80-181 not given leak 2 out of 2 leaks SS
Vermont Yankee BWR 12/28/1976 reactor water cleanup 4 leak 80-041 . stress corrosion/IGSCC IGSCC SS
Duane Arnold BWR 3122/1977 Recdrc bypass 4 . Leak 77-22 IGSCC SS
Hatch 1 BWR 4/12/1977 Recirculation 4 Leak . Not Given Indications of leak SS
Haddam Neck 1 PWR 4/13/1977 Boric Add - - 4 Crack/Leak Stress Corrosion/IGSCC Stress Corrosion SS
Brunswick 2 BWR 8/25/1977 RHR Suction 4 Leak 2-77-49 Unknown 4-In weld o-let - Ss

cracks in dissimilar weld
between valve and pipe,

Salem I PWR 9121l1977 service viater.' 4 leak 81-090- csntsiction defedcterrcrs constnjctiondefectU CS
Duane Arnold BWR 3/25/1978 Reactor Water Cleanup 4 Leak 78-017 Stress Corrosion/IGSCC SS

Chemical and volume
Palisades PWR 614i1i98 control .-. 4 Leak. .Fatigue-Vibrational Fatigue-vibrational.-+-S
Dresden 1 BWR 10/7/1978 Main steam bypass 4 Leak 78-031 Erosion/Corrosion Erosion/corrosion CS
Fitzpatrick - . . BWR 3/20/1979 Condensate . .4 Leak 79-018 = Thermal Fatigue Thermal fatigue CS
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Dresden 2 BWR 3/2211979 Feedwater 4 Crack/Leak 79-019 Corrosion Corrosion CS
Duane Arnold BWR 3126/1979 Reactor Water Cleanup 4 Leak 79-008 Stress Corrosion/IGSCC Stress corrosion Ss

Aux. feedwater turbine
Millstone 2 PWR 818/1979 line 4 Leak Fatigue-Vibrational Sch 40 Cs
Monticello BWR 8/8/1979 Steam 4 Leak I _Erosion/Corrosion Erosion/Corrosion CS

Chemical and volume Cracks due to chloride
Millstone 2 PWR 11/13/1979 control 4 Leak Stress Corrosion/IGSCC containment SS

water froze in elbow, burst
Salem 1 PWR 12/24/1979 fire protection 4 rupture 83-066 other line CS
Salem 1 PWR 12/25/1979 fire protection 4 rupture 83-69 not given frozen CS
Cooper BWR 1/16/1980 Main steam 4 Crack/Leak 80-005 Stress Corrosion/IGSCC IGSCC CS
ANO2 PWR 12/1/1980 Charging 4 Leak NPE VIII.A.530 Fatigue-Vibrational Ss

fatigue-vibrational. 2 events,
St. Lucie 2 PWR 12/18/1980 condensate 4 failed 84-016 fatigue-vibrational sch 40 CS
St. Lucie 2 PWR 12118/1980 condensate 4 leak LER 84-016 fatigue-vibrational sch 40. 2 events CS

Construction
Monticello BWR 6/17/1981 Reactor water cleanup 4 Leak Defects/Errors Construction Defects/Errors SS

Pump suction failure, over
McGuire 1 PWR 8/25/1981 Feedwater 4 Rupture other pressurization CS
Hatch 1 BWR 12/15/1981 Fire Protection 4 Rupture . Unknown Rupture CS

Corrosion, aggressive water
North Anna 1 PWR 2/5/1982 Service water 4 Leak Corrosion * bacterial CS
Pilgrim BWR 3/6/1982 feedwater 4 leak 86-005 other pressure surge CS

Steam Generator Blow
ANO2 PWR 4/1/1982 Down 4 Leak NPE V.D 367 Erosion/Corrosion Cs

Steam Generator Blow
ANO2 PWR 4/15/1982 Down 4 Leak 82-011 Erosion/Corrosion Erosion/Corrosion CS
Browns Ferry 1 BWR 12/8/1982 Coolant Recirculatoon 4 Leak 82-100 Unknown Failed thread sealant Ss
North Anna 1 PWR 1/13/1983 Service water 4 Leak Corrosion Corrosion CS

North Anna 2 PWR 1/13/1983 Service water 4 Leak Corrosion Bacterial induced corrosion CS

North Anna 2 PWR 2/1/1983 Service water 4 Leak Corrosion Bacterial induced corrosion CS
Indian Point 2 PWR 10/17/1983 Service water 4 Leak Corrosion Corrosion CS

Leaked seal, lack of
Brunswick 2 BWR 11/2/1983 Fire Protection 4 Leak RO 2-83-95 Construction Defect/Error additional barrier material CS
North Anna 1 PWR 12/1/1983 Service water 4 Leak Corrosion Corrosion CS
Nine Mile Point 1 BWR 3/27/1984 Control rod drive 4 Leak Stress Corrosion/IGSCC IGSCC SS

St. Lucie 2 PWR 4/27/1984 intake cooling water 4 leak NPRDS corrosion sch 40, salt water corrosion SS
Salem 2 PWR 7/27/1984 SWS chiller 4 leak NPRDS erosion/corrosion erosion/corrosion CS
Salem 2 PWR 8/21/1985 SWS condenser 4 leak NPRDS erosion/corrosion sch 40, 50% power CS

moisture separator
Surry 1 PWR 3/22/1986 reheater 4 failed 90-003 erosion/corrosion erosion/corrosion SS
Salem 1 PWR 5/23/1986 lube oil cooler 4 leak NPRDS erosion/corrosion sch 40 Ss
Browns Ferry 2 BWR 7/22/1986 ESW 4 Leak NPRDS Not Given CS
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Salem 2 PWR 7122)1986 service water 4 leak 90-026-04 erosion/corrosion erosIon/corrosion Cs
Browns Ferry 2 BWR 713111986 Emergency Power 4 Leak NPRDS Not Given Cs
Salem 1, - PWR 12/5/1986 SWS 4 leak LER 90-026 erosion/corrosion sch 40, 1 00% power Cs
Salem 1 -- - PWR 121611986 service water 4 leak 90-026-04 erosion/corroslon erosion/corroslon Cs
Oyster Creek - BWR 1126/1987 lConclensate 4 Leak I ,Unknown, Unknown cause Cs
Salem 2 PWR 212411987 IservIce waler 4 leak 91-003 erosIon/corrosion -Cs

Sch 80, multiple sinai leaks,
Cook I PWR 212811987 Fdwe.lek NRS - Erdisloi/corisiori op~raticns CS'

Cook¶ PR 2/8/187 eedwter______ eakSch 80, multiple smnaI leaks,
Cook______2_2__1_7__eedwa__4_lea WPRDS Erosion/corrosion operations.Cs

Sch 80. multiple smnal leaks.
Cook I PWR 212811987 Feedwater 4 leak NPRDS Eroiilon/cbrrosiorii operations -Cs

Sch 80, multiple smnal leaks,
Cook I PWR 2/28/1987 Feedwater 4 leak NPRDS Eroision/c6rioslorin.- opera-ti ons' CS'
Salem 1 PWR 9/17/1987 oil cooler line 4 leak NPRDS erosion/corrosion sch 40 Ss

sch 40, several small leaks,
Salem 2 PWR 9/1811987 SWS chiller no. 21 4 leak.NPRDS', eosion/fcorrosio-n 10%pwr Cs

.. I":. '.)sch 40, several small leaks,.
Salem 2 PWR 9/18/1987 SWS chIller no. 22 4 leak NPRDS erosion/corrosion 100% power Cs
Diablo Canyon 2 PWR 10/t9/1987 Coolant recirculatlon 4 Leak 87-023 Stress Corrosion/IGSCC Stress corrosion -SS
St. Lucia 1 PWR 10/16/1987 containment spray 4 leak N~PRDS unknown sch 40, standby Ss
Salem 1 PWR 11114/1987 SWS 4 leak NPRDS eroslon/corrosion <- sch 40, 1 00% power Cs
Pilgrim BWR 12/2311987.RWCU 4 leak CAN:9201060175 fatigue I Ss

- . . -- ~.11 - . - .- 'Many leaks, pipe seating
material Installed.

Brunswick 2 BWR 1/211988 IMain Steam 4 Leak 88-001 Construction Defect/Error construction defect Cs
Susquehanna 2 BWR .1/5/1988 JSWS 4 leak NPRDS IGSCC Cs
Salem 2 PWR 1/15/1988 SWS chiller 4 leak NPRDS erosion/corrosion sch 40, refueling Cs

Saem2PW /1 5/1988 -SWS -conden5se-r 4 7le-ak NPRIJS erso/orson schi 40, refueling C
Salem 2 PWR 2/2)1988 SWS chiller condenser 4 leak NPRDS erosion/corrosion sch 40, refueling Cs
Salem 2 PWR 6/22/1988 SWS condenser elbow 4 leak NPRDS erosion/corrosion sch 40, oflline Cs
Salem 2 PWR 65/25/1988 SWS chiller condenser 4 leak NPRDS erosion/corrosion sch 40, offline Cs

sch 40,offline, leak 1of 2
Salem 2. . PWR 7/4/1 988 SWS chiller condenser 4 leak NPRDS terosion/corrosion leaks Cs

sch 40, offllne, leak 2 of 2
Salem 2 PWR 7/4/1988 JSWS chiller condenser 4 leak NPRDS erosion/corrosion leaks Cs

Susquehanna 2 BWR 7/4/1988 SWS 4 leak INPRDS stress corrosion cracking ___________ Cs
Salem 2 PWR 7/6/1988 , SWS condenser 4 leak NPRDS erosion/corrosion sob 40, offline CS
Susquehanna 2 BWR 7/6/1988 SWS 4 leak NPRDS IGSCC ___________ CS

eaeVaeyIPWR 11/25/1988 Containment heat removal 4 Leak 88-016 Unknown Weld crack, unknown cause Cs
Vermont Yankee BWR 7/31/1989 SWS (C1-3) 4 leak ACN:9308250210 erosion/corrosion occurrence 2 of 2 CS
River Bend BWR 10/9/1990, control rod drive 4 leak 194-027 stress corrosion/IGSCC stress corrosion Ss
Vermont Yankee - BWR 11/29/1990 service water 4 1 leak 194-016 corrosion inic . Cs
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microbiologically induced
Vermont Yankee BWR 11129/1990 SWS (CI-3) 4 leak 94-016 corrosion CS
Peach Bottom 3 BWR 11/8/1991 RWCU 4 leak LER? IGSCC leak elbow to pipe Ss

nuclear service cooling location 6 our of 6 with
Vogtle 1 PWR 2/19/1992 water pump discharge line 4 leak LER 96-001 fatigue cracks CS
North Anna 1 PWR 3/10/1992 Fire Protection 4 Leak Unknown Unknown cause CS

Microbiologically Induced Four prior leaks in same
Davis Besse PWR 6/26/1992 Decay heal, SWS 4 Leak CAN:9207300129 Corrosion pipe since 6/90 Cs

Millstone 2 PWR 7/6/1992 Water to D.G. 4 Leak Erosion/Corrosion Sch 46. pinhole leak. outage CS

Browns Ferry 1 BWR 12/11/1992 Coolant Recirculation 4 Leak 92-005 Construction Defect/Error Construction/Defect errors SS
Pinhole leak 1 of 2 pinhole

Palisades PWR 6/10/1993 CCW HX 4 Leak Erosion/Corrosion leaks CS
Limerick 1 BWR 8/6/1993 Main steam drain line 4 Leak Erosion/Corrosion Sch 80, full power CS
Palisades PWR 9/17/1993 Pressurizer 4 Leak Stress Corrosion/IGSCC PWSCC Ss

microbiologically induced
Catawba 1 PWR 5/11/1995 SWS (CI-3) 4 leak ACN: 9505230147 corrosion CS

Pump seizure, split pipe,
Dresden 1 BWR 1/1/1964 Condensate 6 Rupture AECL-MISC-204 Fatigue-Vibrational vibration CS
Dresden 1 BWR 12/1/1965 Coolant recirculation 6 Leak NUREG/75-067 Stress Corrosion/IGSCC IGSCC SS

NUREG/75-067, RO
Dresden 1 BWR 4/1/1966 Demineralizer 6 Leak 68-3 Stress Corrosion/lGSCC IGSCC SS

Discharge line condensate XI1.12 (NPE, BWR-
Dresden 1 BWR 3/1/1967 to river 6 Leak 2. Book-3) Corrosion Leak 1 of 2 leaks CS

Discharge line condensate XIi.12 (NPE, BWR-
Dresden 1 BWR 3/1/1967 to river 6 Leak 2, Book-3) Corrosion Leak 2 of 2 leaks CS
Dresden 1 BWR 7/1/1969 Radwaste 6 Leak NSIC-87;40488 Erosion/Corrosion Electrolytic corrosion SS
San Onofre 1 PWR 1/16/1973 containment spray 6 leak 77-002 stress corrosion/IGSCC IGSCC Ss

San Onofre 1 PWR 2/14/1973 containment heat removal 6 leak RO 77-04 stress corrosionlIGSCC stress corrosion CS
Erosion of pump minimum

Dresden 2 BWR 8/23/1974 Reactor coolant 6 Leak AO 50-237174-41 Erosion/Corrosion flow line Ss
Erosion of pump minimum

Dresden 2 BWR 9/12/1974 Reactor coolant 6 Leak AO 50-237174-46 Erosion/Corrosion flow line SS
San Onofre 1 PWR 10/22/1974 coolant recirculation 6 leak 76-012 stress corrosion/lGSCC stress corrosion SS
Dresden 3 BWR 12/1/1974 Feedwater 6 Leak AO 74-36 Erosion/Corrosion Erosion CS

Erosion of minimum fow
Dresden 3 BWR 12/1/1974 Service Water 6 Leak AO 74-37 Erosion/Corrosion line CS

Peach Bottom 2 BWR 7/2/1975 reactor water cteanup 6 leak no LER erosion/corrosion erosion/corrosion SS
Millstone 2 PWR 8/29/1975 Service water 6 Leak Corrosion Corrosion CS
Dresden 1 BWR 9/1/1975 Demineralizer 6 Crack/Leak AO 75-12 Thermal Fatigue Thermal fatigue SS

Stress Corrosion Cracking,
ANOI PWR 11/1/1975 Boric Acid 6 Leak AO 75-08 IGSCC Stress Corrosion Cracking SS
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..� . - . . _. . . _ Stress Corrosion Cracking, ___.

ANO1 PWR 11/24/1975 Bodc Addi 6 Leak AO 75-07 IGSCC Stress Corrosion Cracking SS-
Nine Mile Point 1 BWR 3/19/1976 Reactor water cleanup 6 Leak Stress Corrosion/IGSCC IGSCC SS
Nine Mile Point 1 BWR 3/22/1976 Reactor water cleanup 6 Leak Stress Corrosion/IGSCC IGSCC SS
Indian Point 3 PWR 9/19/1976 Boric Acid 6 Leak Corrosion Corrosion at outlet nozzle SS
Haddam Neck 1 PWR 12V14/1976 Service water 6 Leak . Erosion/Corrosion Erosion/Corrosion CS

Sch 120, pinhole leak,
Dresden 3 BWR 6/7/1977 Feedwater 6 Leak LER? Erosion/Corrosion shutdown : CS

._ . High Pressure Core. . _ . Failed at welded joint.
Browns Ferry 3 BWR 11/1/1977 Injection 6 Leak NPE VII Unknown 80000gallon leak. SS
Salem 1 PWR 12/31/1977 SWS 6 leak NPE VIl.B.458 corrosion CS
Trojan PWR 1/10/1978 main steam 6 failed AEOD/E4 16 erosion/corrosion erosion/corrosion CS
Quad Cities 2 BWR 1/14/1978 reactor water cleanup 6 leak 82-001 stress corrosion/lGSCC SS

Construction
North Anna I PWR 1/15/1978 Reactor coolant 6 Leak Defects/Errors Construction defect SS
Dresden 3 BWR 3/6/1978 Feedwater 6 Leak 78005 Erosion/Corrosion Erosion/Corrosion CS
Haddam Neckl1 PWR 3/17/1978 Service water 6 Leak Thermal Fatigue . Thermal Fatigue Cs
Hatch I BWR 3129/1978 Reactor water deanup 6 Leak Erosion/Corrosion Erosion/Corrosion SS

High Pressure Core
Browns Ferry 3 BWR 4/11978 Injection 6 Failed NPE VII Fatigue-Vibrational Fatigue-vibrational SS
Hatch 1 BWR 5/10/1978 Reactor water cleanup 6 Leak Unknown Unknown cause SS

. .... .. chemical and volume : -
Caivert Cliffs 2 PWR 6125/1978 control 6 leak 78-18103L Fatigue-vibrational fatigue-vibrational "I' Ss
Dresden 3 BWR 7124/1978 Feedwater 6 Leak 78-030 Erosion/Corrosion Erosion/Corrosion i CS

chemical and volume
Calvert Cliffs 2 PWR 8/1978 control 6 leak 78424/03L . Fatigue-vibrational fatigue-vibrational SS

High flow velocity, Water
Dresden 3 BWR 9/18/1978 Feedwater 6 Leak 78-037 Water Hammer hammer CS

Dresden 2 BWR i326/1979 Reactor coolant 6 Leak 79-016 Construction Defect/Errors Construction defects/errors SS
miniflow line for AFW pump.

San Onofre 2 PWR 4/13/1979 feedwater 6 leak 83-035 erosion/corrosion Erosionl/orrosion- CS
Oyster Creek BWR 1/1/1980 Condensate 6 Leak Not Given CS
San Onofre 2 PWR 6/15/1980 fire protection 6 severed 84-033 R1 other . overpressurized CS
Hatch 1 BWR 716/1980 Reactor water cleanup 6 Leak Stress Corrosion/IGSCC Stress Corrosion Ss
Robinson 2 PWR 11/18/1980 service water 6 leak IN 85-30 corrosion mic CS

: -.- weld joint 1 out of 54 weld
service water to microbiologically Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/3111980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 2 out of 54 weld
service water to microblologically Induced joints leaked (32 Inside. 22

Robinson 2 PWR 12V31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS
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weld joint 3 out of 54 weld
service water to microbiologically induced joints leaked (32 inside. 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 4 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 5 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 6 out of 54 weld
service water to microblologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 7 out of 54 weld
service water to microbiologically induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint8 out of 54 weld
service water to microbiologically induced joints leaked (32 inside. 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 9 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 10 out of 54 weld
service water to microbiologically induced oints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 11 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 12 out of 54 weld
service water to microbiologically induced oints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 13 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment)S
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weld joint 14 out of 54 weld
service water to microbiologically induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment), CS

; - : -: - -__weld joint 1 5 out of 54 weld
service water to microbiologically Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12V31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

.-. weld joint 18 out of 54 weld
service water to microblologically Induced joints leaked (32 Inside. 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 17 out of 54 weld
service water to microbiologically Induced Joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

. - . . weld joint 18 out of54 weld
service water to mlcroblologically Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chifler 6 leak IN 85-30 corrosion outside containment) Cs

- ., I _ . ;;. _-;__ _ weldJotnt ;9 out of 54 weld
service water to mlcroblologicaliy Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/3111980 containment chiller 6 leak IN 85-30 corroslon outside containment) . Cs

_ _ _weld joint 20 out of 54 weld
service water to microbiologically Induced Joints leaked (32 inside. 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

. weld joint 21 out of 54 weld
service water to microbiologically Induced joints leaked (32 inside. 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

- _- weid joint 22 out of 54 weld
service water to microblologically induced joints leaked (32 Inside, 22

Robinson 2 PWR 1213111980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 23 out of 54 weld
service water to microbiologically Induced joints leaked (32 Inside, 22.

Robinson 2 PWR 12/31/1980 containment chiler 6 leak IN 85-30 corrosion outside containment) CS

weld joint 24 out of 54 weld
service water to microblologicatly Induced Joints leaked (32 Inside; 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

.. . . !
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weld joint 25 out of 54 weld
service water to microbiologically induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 26 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 27 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 28 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 29 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 30 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 31 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 32 out of 54 weld
service water to microbiologically Induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 33 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 34 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 35 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs
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weld Joint 36 out of 54 weld _
service water to mlcrobiologically Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion * outside containment) CS

weld joint 37 out of 54 weld
. _ _ service water to _ mlcrobiologically Induced Joints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 8 leak IN 85.30 corrosion outside containment) CS

: :. ' -' ._ ' ' _- -weld joint 38 out of 54 weld
service waler to microblologically Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

.. _weld Joint 39 out of 54 weld
service water to microblologically Induced Joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

- ., weld joint 40 out of 54 weld
service water to microblologically Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

- , ,;;, -- -weld joint 41 out of 54 weld ,
service water to microblologically Induced Jolnts leaked (32 insWe. 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside c6ntalinment) - Cs

. . weld joint 42 out of 54 weld
service water to microblologically Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

, , : .weld joint 43 out of 54 weld
service water to microbiologically Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) ' Cs

weld joint 44 out of 54 weld
service water to microblologicalty induced joints leaked (32 InsIde, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outsidecontainment)'"' CS

weld joint 45 out of 54 weld'
srvice water to microblologicalty induced joints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 46 out of 54 weld
service water to microblologIcaly Induced joints leaked (32 Inside, 22

Robinson 2 PWR 12/31/1980 containment chiller a leak IN 85-30 corrosion 'utsIde'contalnmenl) C s cs
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weld joint 47 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 48 out of 54 weld
service water to microbiologically induced joints leaked (32 inside. 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 49 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 50 out of 54 weld
service water to microbiologically Induced oints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 51 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12131/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS

weld joint 52 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 53 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) Cs

weld joint 54 out of 54 weld
service water to microbiologically induced joints leaked (32 inside, 22

Robinson 2 PWR 12/31/1980 containment chiller 6 leak IN 85-30 corrosion outside containment) CS
Dresden 2 BWR 8/30/1981 Service Water 6 Leak 81-055 Corrosion Corrosive solutions Cs

Butt weld corroded,
Dresden 3 BWR 8/3011981 Service Water 6 Leak 81-055 Erosion/Corrosion erosion/corrosion Cs
Dresden 3 BWR 9/1/1981 Reactor Water Cleanup 6 Leak 81-021 Stress Corrosion/IGSCC Stress corrosion SS

Ginna PWR 1/13/1982 Containment heat removal 6 Leak 82-002 Stress Corrosion/IGSCC Stress corrosion Cs

Cook 2 PWR 1/19/1982 Containment heat removal 6 leak 82-003 fatigue-vibrational fatigue-vibrational Cs
82-080, PNO-II-82-

Brunswick 2 BWR 5/25/1982 Reactor Water Cleanup 6 Leak 060 Construction Defect/Error Construction defects/errors SS
San Onofre 2 PWR 5/26/1982 CVCS 6 leak NPRDS not given SS
Oconee 1 BWR 7/1/1982 Feedwater 6 Rupture Erosion/Corrosion Erosion/corrosion CS

leaked fiberglass line,
Surry 2 PWR 2/12/1983 service water 6 leak PNO-11-87-01 1A unknown unknown cause cs
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Moisture separator
Oconee 2 BWR 3/19/1983 reheater _ Rupture 7___ Eion6Corrosi6ron ErosiontCori6sioin SS
Cooper. BWR 6/29/1983 Reactor Water Cleanup 6 Leak 83-009 - Stress Corrosion/IGSCC IGSCC . SS
Cooper BWR 7/10/1983 RWCU 6 Leak LER 83-011 I- GSCC Leak 1 of 2 lekas-.. SS
Cooper BWR 7/10/1983 RWCU 6 Leak LER 83-011 IGSCC Leak 2 of 2 leaks Ss
Cooper - BWR 4/19/1984 Fire ProtectIon 6 Breakage AEOD/E4/26 Water Hammer Water Hammer: CS
Quad Cities 2 BWR 5/3/1984 reactor water cleanup 6 leak 88-008 stress corrosion/IGSCC IGSCC SS
Haddam Neck 1 PWR 3/16/1985 Feedwater 6 Rupture Erosion/Cormsion Erosion/Corrosion CS

, . . . : Pile driver broke, unknown
McGuire 8 PWR 5/29/1985 Fire Protection 6 Rupture Unknown cause CS
Duane Arnold BWR 8/12/1985 Fire Protection 6 Leak 85-029 Water Hammer Water Hammer CS

..... ; ... Sch 40, pinhole leak; 100%
Brunswick 2 BWR 8/13/1985 D.G. Outlet Pipe 6 Leak NPRDS Not Given power, normal wear CS
Salem 1 -: PWR 8/20/1985 D.G. cooling jacket 6 leak NPRDS erosion/corrosion sch 40 CS
Dresden 2 BWR 9129/1985 Condensate 6 Rupture 83-035 Unknown . .. Expansion joint CS

Sch 40, 90% power, salt
Brunswick 2 BWR' 11113l1985 D.G.-Jacket Cooler' 6- Leaak' NPRDS Corrosion - waler corrosion CS
San Onofre 2 PWR 7/1i1986 feedwater bypass line 6 leak IN 91-18 erosion/corrosion - . CS

Surry 1 PWR 7/2611986 containment heat removal 6 leak 90-008 design-dynamic load design-dynamic load CS
Ginna'. PWR 7129/1986 Feedwater 6 Rupture 86-004 E rosion/Corrosion Erosion/Corrosion CS
Salem 1 PWR 9/19/1986 D.G. jacket SWS 6 leak LER 90-026 erosion/corrosion erosion/corrosion CS
Salem 1 PWR 10/2/1986 service water 6 leak 90-026-04 erosion/corrosion erosion/corrosion .- CSSalem 2 PWR 1O/7/1986 service water 6 leak 90-026-04 erosion/corrosion erosion/corrosion CS
Salem 2 PWR 10/7/1986 SWS D.G. jacket cooler 6 leak LER 90.026 erosion/corrosion sch 40, 85% power CS

Sch 40, questionable failure
River Bend BWR 10/12/1986 SWSdryiell cooler' 6 ieak -. NPRDS ' srosion/c6rroslon mechanism, outage CS
Salem 2 PWR 10/25/1986 SWS D.G. jacket cooler 6 leak LER 90-026 erosion/corrosion sch 40, 100% power CS
Salem 2 PWR 10/25/1986 SWS D.G. oil cooler 6 leak NPRDS erosion/corrosion sch 40, 100% power CS

__..._.__..._._. . __6 in 45 deg elbow with
Dra.s from drain tank . . _ - .. . ... through wafl leak

ra i nk to temporarily repaired with
Oyster Creek BWR 1/1/1987 flash tank 6 Leak __ Eroslon/Corroslon damp SS
Millstone 2 PWR 3/9/1987 SWS 6 , Leak E. Erosion/Corrosion Sch 40 - CS

underground pipe rupture,
Sequoyah 1 PWR 6/17/1987 fire protection 6 leak special report 91-08 water hammer water hammer I CS
Salem 1. PWR 10/29/1987 D.G. jacket cooler 6 leak NPRDS erosion/corrosion sch 40, 100% power CS
Salem 1 PWR 11/10/1987 SWS 6 leak NPRDS erosion/corrosion sch 40. 100% power CS

Sch 40, pinhole leak, 89%
Brunswick 2 BWR 11/19i1987 ESW SWS % 6 Leak NPRDS .Conosion6 power CS
Farley 2 PWR 12/9/1987 Coolant recirculation 6 Leak 87-010 Thermal Fatigue Thermal fatigue SS
Salem 2 PWR 12/9/1987 SWS chiller condenser 6 leak NPRDS erosion/corrosion sch 46, refueling - CS
Hope Creek BWR 2/15/1988 ESWS SWS -. . 6 Leak JUnknown Sch 40, outage - Ss
Salem 1 .. PWR 1 3/5/1988 D.G. cooler .- 6 . leak NPRDS., erosion/corrosion . 'Osc 40,100% power CS
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Byron 1 PWR 6/1/1988 Aux. Feedwater Line 6 Leak NPRDS Erosion/Corrosion Sch 40, leak 1 of 2 leaks CS
Byron 1 PWR 6/1/1988 Aux. Feedwater Line 6 Leak NPRDS Erosion/Corrosion Sch 40, leak 2 of 2 leaks CS

sch 40, crack in welded cap,

Robinson 2 PWR 6/26/1988 steam line header 6 leak NPRDS not given 68% power CS

Sch 40, cracked weld,
Hope Creek BWR 10/5/1988 SWS to river 6 Leak Not Given operation CS
Haddam Neck PWR 3110/1989 Containment Air cooler 6 Leak NPRDS Corrosion Sch 40. nipple broke off CS

Diesel Generator Jacket Sch 40, startup, salt water

Brunswick 2 BWR 3/23/1989 Cooler 6 Leak NPRDS Corrosion corrosion CS
Haddam Neck PWR 10/13/1989 SWS to cont. cooling 6 Leak NPRDS Pitting Sch 40, external pitting CS

Brunswick 1 BWR 3/2/1990 Main Steam 6 Rupture 90-003 Erosion/Corrosion Erosion/Corrosion CS
Millstone 2 PWR 3/26/1990 SWS 6 Leak Erosion/Corrosion Sch 40 CS
Millstone 2 PWR 4/23/1990 SWS 6 Leak Erosion/Corrosion Sch 40, pinhole CS

Monticello BWR 8/22/1990 Reactor water cleanup 6 Leak Fatigue-Vibrational Fatigue-Vibrational cracking SS
Diesel Generator Jacket

Brunswick 2 BWR 12/13/1990 Cooler 6 Leak NPRDS Unknown Sch 80, 100% Power CS
Moisture separator Erosion/corrosion, two lines

Millstone 3 PWR 12/30/1990 reheater 6 Rupture Erosion/Corrosion failed Ss
Reactor coolant pump oil

Cook 2 PWR 8/3/1991 cooler 6 leak NPRDS IGSCC Sch 40. outage SS
thru-wall leak (small); check
LER 94-003,91-019, 89-

Surry 2 PWR 2/21/1992 RHR 6 leak LER.96-001 IGSCC 042.89-011 SS

Questionable failure
Oyster Creek BWR 2/5/1993 Core spray 6 Leak IGSCC mechanism Ss
Haddam Neck PWR 3/9/1993 SWS 6 Leak ACN:9301450044 Erosion/Corrosion Leak 1 of 2 CS
Haddam Neck PWR 3/9/1993 SWS 6 Leak ACN:9301450044 Erosion/Corrosion Leak 2 of 2 CS

Erosion/corrosion with
Millstone 1 PWR 11/2/1994 SWS 6 Leak Erosion/Corrosion coating failure CS
Dresden 2 BWR 2/23/1996 Core Spray 6 Crack/Leak ACN:9602280278 Unknown SS

Robinson 2 PWR 3/31/2867 main steam 6 rupture NSIC-91;47813 construction defect/errors construction defects/errors CS
Cooper BWR 10/5/1991 SWS 6.25 Leak NPRODS W ear Sch 80, hydro CS

sch 80, questionable failure
mechanism, post-refuel

Seabrook PWR 10/13/1987 condenser elbow 7.625 leak NPRDS erosion/corrosion outage CS
Nine Mile Point 1 BWR 1/18/1972 Reheat 8 Leak Unknown SS

Moisture Separator

Browns Ferry 1 BWR 6/24/1972 Reheater 8 Leak No LER Erosion/Corrosion Erosion/Corrosion SS
Stress Corrosion Cracking,

ANO1 PWR 4/15/1973 Containment Spray 8 Leak DL LTR 5/25/73 IGSCC Stress Corrosion Cracking SS

San Onofre 1 PWR 6/14/1973 safety injection 8 leak NUREG-0691 stress corrosion/IGSCC stress corrosion SS
Fort Calhoun PWR 917/1973 Main steam 8 Rupture 73-003 Fatigue-Vibrational Fatigue-vibrational CS
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IGSCC, Leaked minimum
Letter to NRC flow line of core spray

Dresden I BWR 1/10/1974 Core Spray 8 Leak (2V8/74) Stress Corrosion/lGSCC pump, erosion I SS
Deteriorated rubber valve

Dresden 2 BWR 7/24/1974 Containment heat removal 8 Crack/Leak AO 74032 Unknown seat - CS
Hatch 1 BWR 12V15/1974 Residual heat removal 8 Leak Stress Corroslon/iGSCC IGSCC. Weld failure SS

: -leaked joints, construction
Yankee Rowe PWR 2118/1975 fire protection 8 leak 79-006 constnuction defectlerrors defect CS

79-011. NUREG-
Three Mile Island I PWR 4/4/1975 spent fuel pool 8- Ieak 0691 -strss corrdsioMGSCC itress corrrsions leak 1i5 - CS

79-011, NUREG-
Three Mile Island 1 PWR 4/4/1975 spent fuel pool 8 leak 0691 stress corrosionfIGSCC stress corrosion, leak 2V5 CS

79-011. NUREG-
Three Mile Island 1 PWR 4/4/1975 spent fuel pool 8 leak 0691 stress corroslon/lGSCC stress corrosion, leak 3/5 CS

79-011. NUREG-
Three Mile Island 1 PWR 414/1975 spent fuel pool 8 leak 0691 - - stress corrosion/lGSCC stress corrosion. leak 4/5 CS

79-011, NUREG-
Three Mile Island 1 PWR 4/4/1975 spent fuel pool 8 leak 0691 stress corroslonAIGSCC stress corrosion, leak 515 CS
San Onofre 1 PWR 9/1511975 service water 8 crack/leak 79-013 stress corrosion/IGSCC Cl-stress corrosion 1/6 CS
San Onofre 1 PWR 9/15/1975 service water 8 crack/leak 79-013 stress corrosionlIGSCC Cl-stress corrosion 216 CS
San Onofre 1 PWR 9/15/1975 service water 8 crack/leak 79-013 stress corroslon/IGSCC Cl-stress corrosion 316 CS
San Onofre 1 PWR 9/15/1975 service water 8 crack/leak 79-013 stress corrosion/iGSCC Cl-stress corrosion 416 CS
San Onofre 1 PWR 9/15/1975 service water 8 crack/leak 79-013 stress corrosion/IGSCC Cl-stress corrosion 516 CS
San Onofre 1 PWR 9/15/1975 service water 8 crack/leak 79-013 stress corrosion/lGSCC Cl-stress corrosion 6/6 CS

uX- _ '._ . -Stress Corrosion Cracking,
ANOI PWR 8110/1976 Demineralizer 8 Leak RO 76-21 IGSCC IGSCC SS
Ginna PWR 1018/1976 Boric Add 8 Leak RO 76-24 Stress Corrosion/IGSCC Stress corrosion SS

RO 77-01,NUREG-
Crystal River 3 PWR 1/1111977 Containment spray 8 Crack/Leak 0691 Stress Corrosion/lGSCC Stress corrosion SS

Crystal River 3 PWR 1/30/1977 Containment heat removal 8 Leak RO 77-06 Stress Corroslon/lGSCC Stress corroslon- CS
Ginna PWR 2V10/1977 Boric Add 8 Leak AO Corrosion Corrosion Ss
Indian Point 2 PWR 8/30/1978 Residual heat removal 8 Leak Fatigue-Vibrational Fatigue-Vibrational SS
Millstone I PWR 1/611979 Reactor water deanup 8 Leak stress Corrosion/lGCSS IGSCC SS
Dresden 1 BWR 6/1/1979 Steam 8 Leak NUREG175-067 Stress Corroslon/lGSCC IGSCC: CS
Brunswick 2 BWR 9/1V21979 Service Water 8 Leak 79-084 Corrosion Corrosion CS
Susquehanna 2 BWR 7/4/1980 CVCS 8 leak NPRDS IGSCC - SS

microblologically Induced weld leak 42 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion - leaks Ss

microbiologically Induced weld leak 43 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion l leaks - SS

microbiologically induced weld leak 44 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion leaks Ss

microblologically Induced weld leak 45 of 52 weld
Palo Verde 2 PWR 2128U1981 ECWS 8 leak PNO-V-85-013 corrosion leaks SS
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microbiologically induced weld leak 46 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion leaks SS

microbiologically induced weld leak 47 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion leaks SS

microbiologically induced weld leak 48 of 52 weld
Palo Verde 2 PWR 2/2811981 ECWS 8 leak PNO-V-85-013 corrosion leaks SS

microbiologically induced weld leak 49 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion leaks SS

microbiologically induced weld leak 50 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion leaks Ss

microbiologically induced weld leak 51 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion leaks SS

microbiologically induced weld leak 52 of 52 weld
Palo Verde 2 PWR 2/28/1981 ECWS 8 leak PNO-V-85-013 corrosion leaks Ss
LaSalle 1 BWR 6/9/1982 RHR 8 Leak Thermal Fatigue SS
Millstone 2 PWR 6/28/1982 D.G. SWS 8 Leak Erosion/Corrosion Sch 40 CS
Browns Ferry 1 BWR 8/24/1982 Main Steam 8 Rupture AEOD/E4 16 Erosion/Corrosion ErosionCorrosion CS
Browns Ferry I BWR 9/3/1982 Moisture Separator 8 Failed ACN:8709230232 Erosion/Corrosion Ss
Browns Ferry 1 BWR 9129/1982 Main Steam 8 Rupture 82-115 Erosion/Corrosion Erosion/Corrosion CS
Kewaunee PWR 12/29/1982 Main steam 8 Leak Unknown Crack in drain line CS
Dresden 2 BWR 11711983 Spent fuel pool 8 Leak 83-002 Fatigue-Vibrational Fatigue-vibration CS

sch 40, rubber aged/wom.
Zion 1 PWR 2/21/1983 SWS. D.G. jacket 8 leak NPRDS wear flexible rubber coupling CS
Dresden 2 BWR 6/4/1983 Service Water 8 Leak 83-004 Fatigue-Vibrational Fatigue-vibration CS
Cook 1 PWR 7/11/1983 component cooling 8 leak 83-066 unknown Valve failure CS
Salem 2 PWR 10/13/1984 SWS 8 leak NPRDS erosion/corrosion sch 40 CS

Sch 40, eroded tar coating.
Millstone 2 PWR 1/3/1985 SWS 8 Leak Erosion/Corrosion sea water corroded CS

Occurrence 1 of 15, Unit 1:
10 defects. 2 weld leaks, 3

Palo Verde 1 PWR 311/1985 Spray pond line 8 Leak Not Given leaks CS
Occurrence 1 of 15, Unit 1:
10 defects, 2 weld leaks, 3

Palo Verde 1 PWR 311/1985 Spray pond line 8 Leak Not Given leaks CS
Occurrence 1 of 15, Unit 1:
10 defects, 2 weld leaks, 3

Palo Verde 1 PWR 311/1985 Spray pond line 8 Leak Not Given leaks CS
Occurrence 1 of 15, Unit 1:
10 defects, 2 weld leaks, 3

Palo Verde 1 PWR 31/1 985 Spray pond line 8 Leak Not Given leaks CS

Occurrence 1 of 15, Unit 1:
10 defects, 2 weld leaks, 3

Palo Verde 1 PWR 311/1985 Spray pond line 8 Leak Not Given leaks CS
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*Occurrence I of 15. Unit 1:
10 defects. 2 weld leaks, 3

Palo Verde 1 PWR 31111985 Spray pond line 8 Leak ________ Not Given leaks Cs
Occurrence 1 of 15, Unit 1:

*10 defects, 2 weld leaks, 3
Palo Verde I PWR 311/1985 Spray pond line 8 Leak _______Not Given leak i '.7 Cs

Occurrence I of 15. Unit 1:
1 0 defets- 2 weld ieaks,'3

Palo Verde ¶ W 3/1/1985 Spray pond line 8 Leak ________NtGvnleaks Cs
Occurrence 1 of 15. Unit 1:
10 defects. 2 weld leaks. 3

Palo Verde 1 PWR 3/111985 Spray pond line a Leak Not Given leaks Cs
Occurrence 1 of 15, Unit 1:
10 defects, 2 weld leaks, 3

Palo Verde I PWR 3/1/11985 Spray pond line 8 Leak Not Given leaks Cs
Occurrence I of 15, Unit 1:

*10 defects, 2 weld leaks, 3
Palo Verde 1 PWR 3/111i985 Spray pond line 8 ~ Leak.Not Given ... leaks C

-~ - .',, .-,*..... . Occurrence I of 15. Unit 1:
0 doff ,s 2iweld Ieaks. 3

Palo Verde I PWR 3/1/1985 Spray pond Oine 8 Leak ________Not Given leaks Cs
Occurrence Iof15, Unit 1:
10 defects, 2 weld leaks, 3

Palo Verde I PWR 3/1/1985 Spray pond line -8 -Leak.Not Glvieri- la 7 cs
- - - . ..... Occurrence 1 of 15, Unit 1:

.-. IOdefdcti, 2 weld lea s,.
Palo Verde I PWR 31195Spray pond line 8 Leak Not Given leaks Cs

Occurrence I of 15, Unit 1:
1 0 defects, 2 weld leaks, 3

Palo Verde 1I - PWR 3/1/1985 Spray pond line 8 Leak Not Given leaks Cs
Stress corrosion, leaks in 51

Palo Verde 2 PWR 3//95Coatwtr - 8 - Leak .Stress Corrmsion/IGSCC welds.Ss'
Microbiologically Induced

Palo Verde 2 PWR - 3/116198 IECWS -.- 8~ Leak .66~sdhWeld l~ak .1 of 52 leaks Ss

Verd 2---3-118 ECWS' 8 Leak -- corrosio'n . Wed leak I of 52 leaks 5Pao ede2PWR 3i81 8 acoiooiaSsInue
Microblologically Induced

EC1985 L6-kc6rroilorf I ed leAk I of 52 18aks S

Microblologically Induced
Pao ere2 WR 'hiff 6 S, -- G-a 6 - 6coi~slon . Weld leakIofaf52leaks. SS

Microbiologlcally induced
Palo Verde 2 PWR 3/1/1985 ECWS8 Leak co~iibsion '''-'--_ Weld leak l'of 52 leaks" Ss___

Microbiologically induced
Fhi85 CWS 87 'Leak corrosion' - Weld leak 1 of 52 leaks' SS'

Mlcroblologically Induced
Palo Verde 2' PWR 13/1/1985 IECWS. .8 . Leak I corrosion. Weld lebk .1 of 52 leaks s
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Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically Induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss
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Microblologically induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion I Weld leak 1 of 52 leaks SS

Microblologfcally Induced
Palo Verde 2 PWR 311/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS

Microbiologically Induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak I of 52 leaks SS

Microblologically Induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS

Microblologically Induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically Induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak I_ corrosion Weld leak 1 of 52 leaks SS

_ . . . Microblologically Induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak . corrosion . Weld leak 1 of 52 leaks SS

Microblologically induced
Palo Verde 2 PWR 3/11/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS

Microblologically induced . -
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss

Microbiologically induced
Palo Verde 2 PWR 3/11/1985 ECWS 8 Leak corrosion Weld leak i of 52 leaks Ss

Mlcrobiologically Induced W k ; o 5 l
Palo Verde 2 PWR 3/ 1/1985 E CWS 8 Leak corrosion leak 1 of 52 leaks Ss

Microblologicalty Induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak I of 52 leaks SS

.. .P. _ . -.. .. .. .Microbiologically Induced
Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS

. . Microbiotogically InducedPalo Verde 2 PWR 3/1/i985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS
Microblologically Induced

Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak I of 52 leaks SS
Microb.ologically induced

Palo Verde 2 PWR 3/111 985 ECWS 8 Leak corrosion - Weld leak I of 52 leaks SS
Microblologically Induced

Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS
Microblologically induced

Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS
... _ . .. Microblologically induced

Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks SS
. Microbiologically Induced

Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak 1 of 52 leaks Ss
Microbiologically Induced

Palo Verde 2 PWR 3/1/1985 ECWS 8 Leak corrosion Weld leak I of 52 leaks Ss
Microblologically Induced

Palo Verde 2 P'WR 3/1/1985 ECWS 8 Leak ________corrosIon iWeld leak I of 52 leaks Ss

. . I -1I
I I I . I . - I , r-

? t I , -
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204 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/11/1985 Spray pond line 8 Leak corrosion leaks Cs
205 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 311/1985 Spray pond line 8 Leak corrosion leaks Cs

206 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
207 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

208 total records, Unit 2. 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
209 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

210 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
211 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

212 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
213 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

214 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
215 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

216 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
217 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaksos

218 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

-ige 52



Pipe Database Appb..fx A 1,12005
Station Plant Type Date System Name Pipe Size Break Def References Failure Mechnism Comments Material

219 total records, Unit 2: 99
Microblologlcally induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks - , - . . CS
220 total records, Unit 2: 99

Mlcroblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks - :'- CS

221 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/111985 Spray pond line 8 Leak corrosion leaks CS
222 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

223 total records, Unit 2: 99
Mlcroblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
224 total records, Unit 2: 99

Mlcroblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

225 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks!-; CS
* ,.226 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosn leaks I- _.- CS

. .227 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/111985 Spray pond line 8 Leak corrosion leaks CS
228 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 311/1985 Spray pond line 8 Leak corrosion leaks CS

229 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks; 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
230 total records, Unit 2: 99

Microbiologically induced defects,46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

231 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks. 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
232 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak _ corrosion leaks CS

233 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

i P e
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234 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak _ corrosion leaks Cs

235 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

236 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
237 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

238 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

239 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks. 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
240 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

241 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

242 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

243 total records. Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
244 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

245 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
246 total records. Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

247 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
248 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
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249 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/111985 Spray pond line 8 Leak corrosion leaks CS
250 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

251 total records, Unit 2: 99
MicroblologIcally induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond lne 8 Leak corrosion leaks - CS
252 total records, Unit 2: 99

Microbiologically Induced defects. 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

- , .253 total records, Unit 2: 99
Mlcroblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks : CS
254 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

255 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1985 Spray pond line 8 Leak corrosion leaks i -r1 '>; ' c !, ;- Cs
p- *,- X :,, 256 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks, * I : CS

- , .'257 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
258 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks, CS

259 total records, Unit 2: 99
Microblotogically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks ' CS
260 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

261 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks; 59 ;

Palo Verde 2 PWR 3/1/1985 Spray pond line a Leak corrosion leaks -- r . Cs
- I262 total records, Unit 2: 99

Mlcroblologically Induced defects,-46 weld leaks,'59 I
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks .Cs

l 263 total records, Unit 2: 99
Microbiologicalty induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks' L- | * Cs

.1 � I
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264 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

265 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks. 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

266 total records, Unit 2: 99
Microbiologically induced defects. 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

267 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

268 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

269 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

270 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

271 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

272 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

273 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

274 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

275 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
276 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

277 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

278 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
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279 total records. Unit 2: 99
Microblologically induced defects; 46 weld leaks; 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks ; CS
280 total records. Unit 2: 99

Microbiologically induced defects, 46 weld leaks. 59
Palo Verde 2 PWR 3/1/1985 Spraypond line 8 Leak corrosion leaks' CS

281 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
282 total records, Unit 2: 99

Microblologlcally Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks. CS

283 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
284 total records, Unit 2: 99

Microblologically Induced defects. 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

285 total records, Unit 2: 99 -
Mlcrobloto~lcally Induced- defects. 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks:- ' Cs
. .i' -286 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 311/1/985 Spray pond line 8 Leak corrosion leaks - - Cs

287 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion , - . CS
288 total records, Unit 2: 99

Microblologlcally induced defects, 46 weld teaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

; .. 289 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond fine 8 Leak corrosion leaks CS
. .. 290 total records, Unit 2: 99

Mlcroblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

291 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
.- : 292 total records, Unit 2: 99

Microblologically Induced defects, 46 weld teaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak . corrosion leaks CS

293 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks *: CS

I : I -
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294 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

295 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

296 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

297 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

298 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

299 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

300 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
301 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

302 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

303 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

304 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

305 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

306 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

307 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

308 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/11985 Spray pond line 8 Leak corrosion leaks Cs
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309 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/111985 Spray pond line 8 Leak corrosion leaks - CS

310 total records, Unit 2: 99
Mlcroblologicalln Induced defects. 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks .: CS
311 total records, Unit 2: 99

Microbiologicaily Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond One 8 Leak corrosion leaks - Cs

312 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/111985 Spray pond line 8 Leak corrosion ieaks CS
313 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/11/1985 Spray pond line 8 Leak corrosion leaks CS

. . .314 total records, Unit 2: 99
Microblotogically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond One 8 Leak corrosion leaks CS
. . , . 315 total records, Unit 2: 99

Microblologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/111985 Spray pond One 8 Leak corrosion leaks - Cs

. !e;.L \, : ,,-. ... ,316 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond One 8 Leak corrosion leaks CS
317 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

318 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond One 8 Leak corrosion leaks Cs
319 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks * CS

320 total records, Unit 2: 99
Microblologlcafly Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
321 total records, Unit 2: 9

MicrobiologIcally induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

322 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond fine 8 Leak corrosion leaks CS
i -. 323 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
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324 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 311/1985 Spray pond line 8 Leak corrosion leaks CS
325 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

326 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
327 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

328 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
329 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

330 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
331 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

332 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
333 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

334 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
335 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

336 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 311/1985 Spray pond line 8 Leak corrosion leaks CS
337 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

338 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 31/1 985 Spray pond line 8 Leak corrosion leaks CS
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339 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/111985 Spray pond line 8 Leak corrosion leaks CS
340 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

341 total records, Unit 2: 99
Microbiologically induced defects; 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
342 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks - I I - I Cs

343 total records, Unit 2: 99
Mlcrobiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks . CS
344 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks . . CS

345 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks -- * ,. *; i CS
;.',,, \" ' .. . !':,346 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks - CS

347 total records, Unit 2: 99
Microblologically Induced defects. 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond lne 8 Leak corrosion . leaks -- CS
348 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks . , . CS

. . 349 total records, Unit 2: 99
Microbiological y Induced defects. 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks - CS
350 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks:- CS

351 total records, Unit 2: 99
Microbiologialaily Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks.- . Cs
352 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks - Cs

353 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks - -' -' CS
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354 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
355 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

356 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
357 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

358 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
359 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

360 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
361 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

362 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak I _corrosion leaks Cs
363 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
364 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks. 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

365 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
366 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

367 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
368 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
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369 total records, Unit 2: 99
Microblologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
370 total records, Unit 2: 99

Microblologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

371 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
372 total records, Unit 2: 99

Microblologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks - CS

373 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
374 total records, Unit 2: 99

Mlcroblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

I - - 375 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond lIne 8 Leak corrosion leaks a - : { : ; - i CS
, ... i, .376 total records, Unit 2: 99

Microbiologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond One 8 Leak corrosion leaks - 7, !', = . , .-; - - Cs

377 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs
378 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

379 total records, Unit 2: 99
Microbiologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
380 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

381 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond lne 8 Leak corrosion leaks Cs
382 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

383 total records, Unit 2: 99
Microblologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks : CS
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384 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

385 total records, Unit 2: 99
Microbiologically induced defects. 46 weld leaks, 59

Palo Verde 2 PWR 31111985 Spray pond line 8 Leak corrosion leaks CS
386 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
387 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

388 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
389 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

390 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

391 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
392 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
393 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
394 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS

395 total records, Unit 2: 99
Microbiologically induced defects, 48 weld leaks, 59Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs

396 total records, Unit 2: 99
Microbiologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
397 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59Palo Verde 2 PWR 3//1985 Spray pond line 8 Leak corrosion leaks CS
398 total records, Unit 2: 99

Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
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399 total records, Unit 2: 99
Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
400 total records, Unit 2: 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 311/1985 Spray pond line 8 Leak corrosion leaks CS

401 total records; Unit 2: 99
. . , .... ... Microblologically Induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 311/1985 Spray pond line 8 Leak corrosion leaks Cs
. . .. 402 total records, Unit 2: 99

. Lea -Microbiologically induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks Cs _

403 total records, Unit 2: 99
Microblologically induced defects, 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion leaks CS
404 total records, Unit 2: 99

_. -_ . Microblologicallj induced' defects, 46 weld leaks, 59
Palo Verde 2 - PWR 31111985 Spray pond line 8 - Leak corrosion ' - leaks CS

... . . . .....-.. . _ 405total records, Unit 2: 99
Microblologlcally Induced defects; 46 weld leaks, 59

Palo Verde 2 PWR 3/1/1985 Spray pond line 8 Leak corrosion - .r -leaks! ' , ; i -, r. CS
. E 406 total records, Unit 2: 99

Microblologically Induced defects,46 weld leaks, 59 _

Palo Verde 2 PWR ;3I111985i Spray pond line 8 Leak _._..____ _ corrosion leaks * Cs
407 total records, Unit 2:- 99

Microblologically Induced defects, 46 weld leaks, 59
Palo Verde 2 PWR 311/1985 Spray pond line 8 Leak corrosion leaks CS

Salem I PWR 3/10/1985 containment spray 8 leak special report 89-1 stress corrosion/IGSCC IGSCC SS
Oyster Creek BWR 3/22/1986 Condensate . 8 Leak Stress Corrosion/lGSCC IGSCC CS

Millstone 2 PW -4128/1986 SWS 8 Leak Corrosion Sch 40, sea water corrosion CS
Salem 2 PWR 5/24/1986 SWS turbine building 8 leak NPRDS erosion/corrosion sch 40 CS
LaCrosse BWR 7/18/1986 Residual heat removal 8 Leak Unknown Unknown cause SS

. .Sch 40, eroded mastic, salt
Millstone 2 PWR 6/16/1987 D.G. SWS 8 Leak Eroslon/Corrosion water corrosion CS
Millstone 2 PWR 8/20/1987 D.G. SWS elbow 8 Leak Erosion/Corrosion Sch 40 CS
Salem 2 PWR 9/29/1987 SWS D.G. jacket cooler 8 leak NPRDS erosion/corrosion sch 40, 100% power CS
Millstone 2 PWR 4/15/1988 D.G. SWS 8 Leak Erosion/Corrosion Sch 40 CS

Susquehanna I BWR 6/121988 cont. spray 8 leak NPRDS stress corrosion cracking Ss
Millstone 2 PWR 6/21/1988 D.G. SWS 8 Leak . . - Corrosion Sch 40, salt water CS
Millstone 3 PWR 10/25/1988 SWS 8 Leak Erosion/Corrosion Sch 40 CS

sheared off discharge
Quad Cities 2 BWR 3/5/1989 service water 8 leak 93-006 unknown header, unknown cause CS
Millstone 2 PWR 12/12/1989 D.G. SWS. 8 Leak-. I. Erosion/Corrosion Sch 40, pinhole , CS
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Sch 40, pinhole leak,
Clinton BWR 3/311990 Condensate drain 8 leak NPRDS Cavitation shutdown CS

microbiologically induced
Vermont Yankee BWR 8117/1991 SWS (CI-3) 8 leak ACN:9509220083 corrosion CS

Microbiologically induced Sch 40, pinhole leak, 100%
Millstone 2 PWR 9123/1991 SWS 8 Leak corrosion power CS

Microbiologically induced
Millstone 2 PWR 10/16/1991 SWS to diesel 8 Leak corrosion Leak 1 of 2 leaks CS

Microbiologically induced
Millstone 2 PWR 10116/1991 SWS to diesel 8 Leak corrosion Leak 2 of 2 leaks CS

Microbiologically induced
Millstone 2 PWR 10/31/1991 SWS 8 Rupture __ corrosion Sch 40. pinhole leak CS

Moisture separator
Millstone 2 PWR 11/6/1991 reheater 8 Leak Erosion/Corrosion Erosion/Corrosion SS

Microbiologically induced Sch 40, leak 1 out of 6
Millstone 2 PWR 11/10/1991 Header to pier 1 8 Leak corrosion pinhole leaks. mode 3 CS

Microbiologically Induced Sch 40, leak 2 out of 6
Millstone 2 PWR 11/10/1991 Header to pier 1 8 Leak corrosion pinhole leaks, mode 4 CS

Microbiologically induced Sch 40, leak 6 out of 6
Millstone 2 PWR 11/10/1991 Header to pier 1 8 Leak corrosion pinhole leaks, mode 8 CS

Microbiologically induced Sch 40, leak 3 out of 6
Millstone 2 PWR 11/11/1991 Headerto pier 1 8 Leak corrosion pinhole leaks, mode 5 CS

Microbiologically induced Sch 40, leak 4 out of 6
Millstone 2 PWR 11/2/1 991 Header to pier 1 8 Leak corrosion pinhole leaks, mode 6 CS

Microbiologically induced Sch 40, leak 5 out of 6
Millstone 2 PWR 11/13/1991 Header to pier 1 8 Leak corrosion pinhole leaks, mode 7 CS

Sch 46, pinhole leak, cold
Millstone I PWR 2/25/1992 SWS 8 Leak Corrosion shutdown CS
Millstone 3 PWR 4/3/1992 Expansion joint SWS 8 Leak Pitting CS

Microbiologically induced
Millstone 2 PWR 6/12/1992 RBCW 8 Leak corrosion Sch 40, cold shutdown CS
Palisades PWR 10/9/1993 Pressurizer 8 Leak Stress Corrosion/lGSCC Stress corrosion Ss

Questionable failure
Millstone 1 PWR 1/26/1995 SWS 8 Leak Erosion/Corrosion mechanism CS
Millstone 1 PWR 2/27/1995 SWS 8 Leak Erosion/Corrosion Erosion/corrosion CS
Millstone 1 PWR 818/1995 Coolant recirculation 8 Leak Erosion/Corrosion S SS
Millstone 2 PWR 8/8/1995 Steam 8 Rupture Erosion/Corrosion EIC CS
LaCrosse BWR 10/1/1969 Feedwater 10 Leak Stress Corrosion/IGSCC IGSCC CS

IGSCC in furnace sensitized
Nine Mile Point 1 BWR 3/1/1970 Containment spray 10 Leak Stress Corrosion/IGSCC safe ends SS
Indian Point 3 PWR 1011/1970 Fire main 10 Rupture Unknown CS
Surry 1 PWR 9/30/1972 containment spray 10 leak NUREG-0691 stress corrosion/IGSCC stress corrosion SS

76-15, NUREG-
Surry 2 PWR 10/5/1972 coolant recirculation 10 leak 0691 stress corrosion/IGSCC stress corrosion Ss
Surry 2 PWR 10/14/1972 containment spray 10 leak 76-015 stress corrosion/IGSCC chloride stress corrosion SS
Dresden 2 BWR 8/6/1974 Feedwater 10 Leak Ut DL 8/6 74 Fatigue-Vibrational Faigue-vibration CS
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Salem I PWR 8120/1974 service water 10 leak 78-050 erosion/corrosion EIC, repaired by weld Cs
A N~ l P R 1117 1974 C ntain ent Sp ay 10 eak - S tress C orrosion C racking, _ _- - -~

AN01_PRII______ Containment __Spray ___Leak AO-74.IIA IGSCC IGSCC S

ANOI PWR 11/1 1119741CoreSpray - - Leak *IAO 7407IStCresstrssCorrosion Cracngking Ss
Stress Corrosion Cracking,

AN01 PWR 11I13/1974 ISpray 10 Crack LTR 2t1/75 IGSCC -ocfreneIa Ss
Stress Corrosion Cracking,

AN101 PW 1111311974 Spray 10 Crack LTR 2/7/75 IGSCC Occurrence 2of 5 Ss
Stress Corrosion Cracking,

ANOI PWR 11/13/1974 Spray 10 Crack LTR 2I7I75 IGSCC Occurrence 3 of 5,i Ss
-------- Stress Corrosion Cracking,

AN01 PWR 1`1113/1974 ISpray 10 Crc-TR2775I COcc'ur-ren-ce, 4 of -5-: S-S
* ': - -- - -Stress Corrosion Cracking, --ANOl PWR 11/1311974 Spray 10 Crack LTR 2/7/75 IGSCC Occurrence 5 of 5 Ss

*-7 7 - AO074-14, NUREG-_
AN101 PWR 12/28/1974 Sevice Water 10 Leak 0691 Thermal Fatigue Thermal fatigue,, SCC Cs

Dresden 2 - -NUREGI75-067, AO 'I m
Drse 2 BWR 1/27/1975 1Core Spray 10 Leak 75-1 IA Stress Corroslon/IGSCC IGSCC, 2 leaks Ss___

I residual heat removal* J 79-013-iT, NUREG-''
Three Mile Island I -PWR 6/ 9175decay heat 1 0 leak 0691 stress corrosionMGSCC stress corrosionllGSCC Ss

Dresden 3 BWR 9/27/1975 Feedwater' 10 Leak AO 75-43 - Construction Defect/Errors Construction defects Cs
______ __NPE VII.C.88 (BWR

Quad Cities 2 BWR 2/29/1976. core spray 10 lek 2, Book-2) IGSCC several -crackst-oo s
Stress Corrosion Cracking, IGSCC, pipe section

AN01 PWR 8/31/1976 Residual Heat Removal 10 Leak I RO 76-25 IGSCC replaced Ss
Quad Cities 1 BWR 9/1/1976 [core spray 10 leak IPNO-111-80-164 stress corrosionlIGSCC IGSCC Ss

Stress Corrosion Cracking, IGSCC, outlet nozzle and
ANOI PWR 9/26/1976 Coolant Recirculation - 10 Leak RO 76.28 IGSCC pipe section replaced Ss
Nine Mile Point 1 - BWR 7/3/1977 Condensate 10 Leak Erosion/Corrosion Erosion/corrosion Cs
AN01 PWR 11/25/1977- Core Spray 10 Leak 77.023 Erosion/Corrosion Erosion/Corrosion Ss

78-030, NUREG-
Duane Arnold BWR 6/17/1978 1Coolant recirculation 1 0 Leak 0531 Stress Corrosion/IGSCC IGSCC, 360 degree crack Ss
Dresden 1 BWR 10/20/1978 Feedwater 10 Leak 78-51 Erosion/Corrosion Erosion/corrosion Cs

- * * *. - ***Cracked support,- -

Dresden 3 BWR 10/20/1978- Feedwater' 10 Leak 78-051 Erosion/Corrosion Erosion/Corrosion Cs
* * *NPE VlII.C.160

Dresden 3 BWR 1111/1978 Feedwater healer drain 10 Leak (BWR-2, Book-2) Not Given Lack of fusion Cs
AN01 PWR 1/10/1980 Bldg Spray 10 Leak NPE VII.B 76 IGSCC Ss

*Separation of main pipe
fitting due to settling of

Hatch I BWR 4/9/1980 Fire Protection 10 Leak ________ other concrete ditch Cs

� 1, . i . . I � ! ; - : -

Page 67



Pipe Database Appendix A 4/5/2005

Station Plant Type Date System Name Pipe Size Break Def References Failure Mechnism Comments Material

Settling of solid; one line
over other broke; plant

Humboldt Bay 3 BWR 9/26/1980 Service water I0 Severed other shutdown for several years Cs

Settling of solid; one line
over other broke: plant

Humboldt Bay 3 BWR 9/26/1980 Service water 10 Severed other shutdown for several years Cs
Duane Arnold BWR 11/6/1981 Reactor Water Cleanup 10 Leak 81-041 Stress Corrosion/IGSCC Stress corrosion Ss
San Onofre 1 PWR 11/20/1981 feedwater 10 leak NUREG-1190 water hammer water hammer CS
Millstone 1 PWR 9/25/1982 Core spray 10 Crack/Leak stress Corrosion/IGCSS Stress Corrosion SS

IGSCC, Leak welds
discovered during weld

Cooper BWR 7/10/1983 Core Spray 10 Crack/Leak 83-011 Stress Corrosion/IGSCC grinding Ss
Duane Arnold BWR 3/13/1985 Recirc 10 Leak PNO-1l1-85.022 IGSCC SS
LaSalle 2 BWR 5/27/1985 Core spray 10 Failed _ Erosion/Corrosion Erosion/Corrosion SS
Limerick 1 BWR 2/14/1986 Recirc. Pipe elbow 10 Leak Erosion/Corrosion Sch 80. full power SS
Limerick 1 BWR 2/25/1986 Recirc. Pipe elbow 10 Leak Erosion/Corrosion Sch 80. full power Ss

Moisture separator
Oconee 3 BWR 9/17/1986 reheater 10 Rupture Erosion/Corrosion Erosion/corrosion Ss
Oconee 2 BWR 10/14/1986 SWS 10 Leak Erosion/Corrosion Sch 40 CS

erosion/corrosion, leak in
Salem 1 PWR 12/2/1986 service water 10 leak 90-026-04 erosion/corrosion penetration area pipe CS
Salem 1 PWR 12/2/1986 SWS cont. fan cooler 10 leak LER 90-026 erosion/corrosion sch 40, 100% power CS

sch 40, 10 small leaks,
Turkey Point 3 PWR 2/20/1987 recirculation line elbow 10 leak NPRDS unknown hydro (10 yr) Ss
Salem 1 PWR 6/4/1987 SWS cont. fan cooler 10 leak NPRDS erosion/corrosion sch 40, 100% power CS
Salem 1 PWR 8/5/1987 SWS cont. fan cooler 10 leak NPRDS erosion/corrosion sch 40. 100% power CS
Salem 2 PWR 11/24/1987 SWS cont. fan cooler 10 leak NPRDS erosion/corrosion Sch 40. 100% power CS

sch 40, dealloying of SS Al-
South Texas 2 PWR 4/13/1988 ECW 10 leak NPRDS dealloying bronze Ss

misaligned pipe,
Sequoyah 1 PWR 5/1/1988 fire protection 10 leak special report 92-05 construction defect/errors construction defect CS

sch 40, cracked weld,
dealloying of SS Al-bronze

South Texas 1 PWR 12/17/1988 ECW 10 leak NPRDS dealloying interface SS
Construction defects/error,

Indian Point 3 PWR 2/21/1989 Service water 10 Leak Construction Defect/Errors sch 40 CS
Sequoyah 2 PWR 2/28/1989 steam 10 leak PNO-41-93-008 erosion/corrosion erosion/corrosion CS
Fort Calhoun PWR 3/31/1989 Feedwater heater line 10 Leak NPRDS Erosion/Corrosion Sch 40 CS
Millstone 2 PWR 11/8/1990 Condensate line 10 Leak Erosion/Corrosion Sch 40, 0.5 in hole CS

Sch 80, poor weld joint, full
Indian Point 3 PWR 6/27/1991 SWS header 10 Leak Fabrication Defect power CS

Sch 80, leak 1 of 2 pinhole
Indian Point 3 PWR 1/3/1992 D.G. cooling header 10 Leak _Fabrication Defect leaks, poor weld, full power CS
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Sch 80. leak 2 af 2 pinhole
Indian Point 3 PWR 113/1992 D.G. cooling header 10 Leak Fabrication Defect ieaks, poor weld, full power Cs
Milistone 3 PWR 12/2)1993 Diesel line SWS 10 Leak Unknown ___________ Cs

12/15/75 letter to
Turkey Point 3 PWR 12/3/1967 Imain steam 12 rupture region 11 construction defect/errors construction defect/errors Cs

Construction
Nina Mile Point 1 BWR 3/23/1974 Reactor waterdceanup 12 CrackiLeak ________Defects/Errors Construction' Defects/Errors Ss

High pressure core
Dresden 2 BWR 9/5/1 976 Injection 12 Leak RO 76-060 Stress Corrosion/IGSCC Chloride stress corrosion Ss
ANOI PWR 5/5/1977 Spent Fuel Pool 12 Leak RO 77-12 Unknown Unknown Cause Cs

NPE ViI.C.74 (BWR -

Brunsw;7~ic 2 WR 10/1/1977 Core Spray 12 Leak 2, Book.2) IGSCC Leak Ilof 3 leaks Ss
NPE IT .. 4(W

Brunswick 2 BWR 10/1/1977 Core Spray 12 Leak 2, Book-2) IGSCC Leak 2 of 3 leaks Ss
___________ ore~r~y .. _ _NPE VII.C.74 (BWR

Brunswick 2 BWR 10/1/1977 Core____Spray___ 12 Leak 2, Book-2). IGSCC Leak 3of 3leaks ss
Vermont Yankee BWR 1/24/1978 main steam 12 leak 82-001 erosion/corrosion erosion/corrosion Cs
Vermont Yankee BWR 1/26/1978 turbine exhaust 12 leak NPE VI.D.262 erosion/corrosion Cs
Hatch 1 BWR 5/7/1978 Gas line'-- 12 Leak ________other Building settlement Ss

- - . ileakthrmughwallinleibow, __

ilri: . - - BWR 12/31/1978 extraction steam 12 leak.EPRI NP-6066 erosiontcorrosion - elbow replaced Cs
Quad Cities 1 BWR 4/13/1980. reactor coolant 1 2 leak 84-005 stress corroslon/IGSCC IGSCC, leak 1/4 Ss
Quad Cities 1 BWR 4/13/1980 Ireactor coolant 12 leak 84-005 stress corrosion/IGSCC IGSCC. leak 2/4 ss
Quad Cities 1 . BWR 4/13/1980 reactor coolant 1 2 leak 184-005 stress corrosion/iGSCC IGSCC. leak 3/4 Ss
Quad Cities 1 BWR 4/13/1980 reactor coolant 1 2 leak LER-84-005 stress corrosion/IGSCC IGSCC, leak 4/4 Ss

probable IGSCC, weld 9...
(out of 9 welds) leaked out

-reactor recirculation, E~ of pinholes or axial cracks_
Quad Cities I BWR 4/13/1980 Iriser pipe to elbow 12 leak LER-84-005 IGSCC (weld #02E-S4) S

probable IGSCC, weld 7
(out of 9 welds) leaked out

Qud.., reactor recirculation, G . - of pinholes or axial cracks
QudCities IBWR 4/13/1980 riser elbow to pipe 1 2 ieak LER-84-005 IGSCC (weld #02G-S3) Ss

probable IGSCC, weld 5*
(out of 9 welds) leaked out

reactor recirculation. H, ofpinholesoraxialcracks
Qi6ad Cities 1 BWR 4/13/1980 riser pipe to elbow 1 2 leak LER-84-005 IGSCC (weld #02H.S4) Sss

probable IGSCC, weld 6
(out of 9 welds) leaked out

... reactor recirculation, H. . . - . .-.. of pinholes or axial cracks
Quad Cities 1 BWR 411311980 riser to pipe Weld' 1 2 leak LER-84-005 lGSCC (weld #02H-S3) Sss

probable IGSCC, weid 8
(out of 9 welds) leaked out

reactor recirculation, J . of pinholes or axial cracks
Quad CitIes 1 BWR 4/13/11980 riser elbow to pipe.: 12 leak LER-84-005 IGSCC.. - .. (weld #02J.S3) Ss
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probable IGSCC, weld 1
(out of 9 welds) leaked out

reactor recirculation, J of pinholes or axial cracks
Quad Cities 1 BWR 4/1311980 riser pipe to elbow 12 leak LER-84-005 IGSCC (weld #02J-S4) Ss

probable IGSCC, weld 4
(out of 9 welds) leaked out

reactor recirculation, J of pinholes or axial cracks
Quad Cities 1 BWR 4/13/1980 riser sweepolet to pipe 12 leak LER-84-005 IGSCC (weld #02J-F6) Ss

probable IGSCC, weld 2
(out of 9 welds) leaked out

reactor recirculation, K of pinholes or axial cracks
Quad Cities 1 BWR 4/13/1980 riser elbow to pipe 12 leak LER-84-005 IGSCC (weld #02K-S3) Ss

probable IGSCC, weld 3
(out of 9 welds) leaked out

Reactor recirculation, K of pinholes or axial cracks
Quad Cities 1 BWR 4/13/1980 riser pipe to elbow 12 leak LER-84-005 IGSCC (weld #02K-S4) Ss
St. Lucie 2 PWR 11/26/1980 condensate 12 leak NPRDS vibration, water hammer sch 40 CS
Quad Cities 2 BWR 3/31/1981 recirculation 12 leak LER 85-008 IGSCC SS

Underground external
Beaver Valley 1 PWR 10/29/1981 Fire Protection 12 Rupture 81-091R1 Corrosion corrosion CS

Beaver Valley 1 PWR 9/8/1982 Fire Protection 12 Rupture 82-032 Construction Defect/Error Construction defects/errors CS
Monticello BWR 10/20/1982 Coolant recirculation 12 Leak Stress Corrosion/IGSCC IGSCC Ss
Quad Cities 2 BWR 11/4/1982 reactor coolant 12 leak 86-017 stress corrosion/IGSCC IGSCC Ss
Brunswick 1 BWR 1/26/1983 Coolant Recirculation 12 Leak 83-001 Stress Corrosion/lGSCC IGSCC Ss
Cook 2 PWR 1/18/1984 Containment spray tee 12 leak LER 82-003 fatigue Sch 40 Ss

Fire protection main
North Anna 1 PWR 11/27/1984 header 12 Rupture Fracture Brittle Fracture CS
Browns Ferry 2 BWR 2/21/1985 Reclrc Riser 12 Leak LER 85-001 IGSCC Ss

Sch 80, refuel maintenance
mod, leak 1 of 5 leaks in

Brunswick I BWR 5/10/1985 Recirc Pipe Riser 12 Leak LER -85-026 IGSCC difference locations Ss

Sch 80, refuel maintenance
mod, leak 2 of 5 leaks In

Brunswick 1 BWR 5/10/1985 Recirc Pipe Riser 12 Leak LER -85-026 IGSCC difference locations SS

Sch 80, refuel maintenance
mod, leak 3 of 5 leaks in

Brunswick 1 BWR 5/10/1985 Recirc Pipe Riser 12 Leak LER-85-026 IGSCC difference locations Ss

Sch 80, refuel maintenance
mod, leak 4 of 5 leaks in

Brunswick 1 BWR 5/10)1985 Recirc Pipe Riser 12 Leak LER -85-026 IGSCC difference locations Ss
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Sch 80. refuel maintenance
mod, leak 5 of 5 leaks In

Brunswick I BWR 5/1011985 Recirc Pipe Riser 12 Leak LER .85.026 IGSCC difference locations' SS

92 Indications in weld 1 out
of 23 of 79 welds; pinhole
leaks in weld I out of 5

BrunswickAI BWR 71111985 Recirculation 12 Leak LER 85-026 IGSCC welds; 77 axial SS
92 Indications In weld 2 out
of 23 of 79 welds: pinhole
leaks In weld 2 out of 5

Brunswick I BWR 7/1/1985 Recirculation 12 Leak" LER 85.026 - IGSCC' welds: 77 axial SS
92 indicatIons In weld 3 out
of 23 of 79 welds; pinhole
leaks In weld 3 out of 5

Brunswick I BWR 7/1/1985 Recirculation 12 Leak LER 85.026 IGSCC welds; 77 axial' - SS
92 indications In weld 4 out
of 23 of 79 welds; pinhole
leaks In Weld 4 out of 5

Brunswick I BWR 7/1/1985 Recirculation 12 Leak LER 85-026 IGSCC welds; 77 axial SS
- - - - .- . II I ._ 92 indications In Weld 5 out

of 23 of 79 welds; pinhole
-- . leaksIn weld 5out of 5'

BnsikIBWR ~ 7I1I1 985 eirualn-12 Leak LER 85-026 IGSCC- welds; 77 axial - s
Quad Cities 2 -BWR 1/27/1986 RHR 12 leak NJPRDS erosion/corrosion sdch 40 , -. , - -. -SS

Robinson 2 PWR 1/15/1987 SWS 12 -leak N4PRDS erosion/corrosIon sch 40,- refueling Cs
- Sch 40, 3-5 gpm, nubber

Pilgrim BWR 5/19/1987 salt SWS 12 leak NPRDS eroslon/corroslon - fined pipe, refueling Cs
Salem 1 PWR 8/28/1987 SWS 12 leak NPRDS erosion/corrosion schi 40, 100% power Cs
Fitzpatrick BWR 6/13/1988 SWS CWHX 12 Leak NPRDS Erosion/Corrosi on Sch 80, normal op. Cs

- . -- - - ---. Sch 40. leak_ Iof 3 pinhole
Crlnton BWR 4/12/1990 Recirculation piping 12 leak NPRDS Fabrication defect - leaks; casting defects SS

. .. ..... Sch 0O leak 2of3 pinhole
Crinton PWR 4/12/1990 Recirculation piping -12 leak NPRDS -Fabrication defect leaks, casting defects 'SS

--- Sch 40, leak 3 of 3 pinhole
Clinton - -BWR 41/99 Reiclto iig12 leak NPRDS Fabrication defect -leaks, casting defects s

mlcrobiologIcally Induced - -

Vermont Yankee --- BR 11/29/1990 SWS (CI-3) teak 9401 so
BW R _ _ __ _ __ _ 12 l a 94 0 6corros n- -Cs

- - - -. - - --- ---. - - -- feedwater pipe chloride - -

- ..--- - -. - -induced corrosion-
Salein 2 PW R 1/18/1991 - 12 leak 94-002-05 stescrolnI S C - eoincroinCS

Sch 40, 10-20 gpm, 99.9%,
Clinton- -BWR - 3/29/1991 -Recirculation piping - 12 - :leak i NPRDS unknown -power *--- SS
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Underground leak, unknown
Oyster Creek BWR 7/22V1991 Condensate 12 Leak Unknown cause CS
Oconee 3 BWR 12V15/1991 LPCI 12 Leak Fatigue-Vibrational SS
Fermi 2 BWR 9/17/1993 FeedwaTer 12 Leak No LER Erosion/Corrosion Erosion/corrosion CS
Haddam Neck 1 PWR 2/12V1994 Service water 12 Leak Corrosion Mic CS
Comanche Peak 2 PWR 5/19/1994 containment spray 12 leak 94-005 fatigue-vibrational fatigue-vibrational SS

High pressure core IGSCC, chloride
Nine Mile Point 1 BWR 5/7/1984 injection 12.75 Leak Stress Corrosion/IGCSS contamination SS
Indian Point 2 PWR 9/20/1978 Residual heat removal 13 Leak RAC Cavitation/impingement SS
Surry 1 PWR 9/30/1968 main steam 14 failed Ltr DL: 10/11/72 water hammer water hammer CS

High pressure core
Dresden 2 BWR 3/24/1976 Injection 14 Leak 76-016 Stress Corrosion/IGSCC IGSCC SS
Dresden 2 BWR 4/6/1976 Condensate 14 Leak NUREG-0691 Stress Corrosion/IGSCC IGSCC CS

High pressure core
Dresden 2 BWR 9/15/1976 injection 14 Leak 76-061 Construction Defect/Errors Construction defect SS

85-002; NUREG/BR
Trojan PWR 3/8/1981 feedwater 14 rupture 0051V7 #3 erosion/corrosion erosion/corrosion CS
Maine Yankee 1 PWR 1/25/1983 Feedwater 14 Breakage Water hammer Water hammer, sch 80 CS
Brunswick 1 BWR 6/10/1984 Main Steam 14 Leak PNO-11-84-034 Thermal Fatigue Thermal Fatigue CS

Microbiologically induced Leak 1 of 2, 14' pipe, sch
LaSalle 2 BWR 5/27/1985 Condensate retum 14 Leak corrosion 10 CS

Microbiologically induced Leak 2 of 2, 14' pipe. sch
LaSalle 2 BWR 5/27/1985 Condensate retum 14 Leak corrosion 11 CS
Millstone 1 PWR 6/19/1985 SWS 14 Leak Erosion/Corrosion Sch 80, 65% power CS

sch 40. questionable failure
Salem 1 PWR 8/18/1985 CCW 14 leak NPRDS erosion/corrosion mechanism. 100% power CS

Sch 40, multiple leaks,
microbiologically induced
corrosion and water

Primary component Microbiologically induced corrosion, buried line.
Maine Yankee PWR 10/1211985 coolant 14 Leak corrosion outage CS
Byron 1 PWR 3/29/1986 Feedwater Elbow 14 Leak NPRDS Erosion/Corrosion Sch 80, 100% power CS
Byron 1 PWR 4/2V1986 Feedwater Line 14 Leak NPRDS Erosion/Corrosion Sch 80. 98% power CS
Byron 1 PWR 5/26/1986 Feedwater Line 14 Leak NPRDS Erosion/Corrosion Sch 80. at power CS
Salem 1 PWR 7/2211986 service water 14 leak 90-026-04 erosion/corrosion erosion/corroslon CS
Crystal River 3 PWR 8/1211986 Service Water 14 Leak 86-014 Erosion/Corrosion Erosion/corrosion CS
Salem 1 PWR 10/8/1986 service water 14 leak 9W026-04 erosionicorrosion erosion/corrosion CS

Salem 1 PWR 3/16/1987 CCW 14 leak NPRDS erosion/corrosion sch 80 CS
IR 50-315-87-23, IR

Cook 1 and 2 PWR 8/20/1987 CCW 14 leak 50-316-87-23 IGSCC CS
Bryon 2 PWR 11/24/1988 Feedwater Elbow 14 Leak NPRDS Erosion/Corrosion Sch 80 CS
ANO2 PWR 4/18/1989 Main Steam 14 Rupture 89-006 Erosion/Corrosion Erosion/Corrosion CS
Byron 1 PWR 5/23/1989 Feedwater Elbow 14 Leak NPRDS Erosion/Corrosion Sch 80 CS
Byron 1 PWR 6/18/1989 Feedwater Line 14 Leak INPRDS Erosion/Corrosion Sch 80, 89% power CS
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Braidwood 2 PWR 10/1011989 Feedwater Elbow 14 Leak NPRDS Erosion/Corrosion Sch 80, 94% power CS
. -.- Sch 80. leak on patch, patch

thermally stressed, repair
Braldwood 2 BWR 10/31i1989 Feedwater Elbow 14 Leak NPRDS ~' Themal Stres '-' inadequate CS

Sch 80, 100% power, leak
Byron 1 PWR 121311989 Feedwater Elbow 14 Leak NPRDS' Erosion/Corrosion at patel : *
Indian Point 3 PWR 611/1991 Condensate line 14 Leak . Corrosion Sch 80, full power Cs
Quad Cities 2 BWR 4/511970 SWS/RHR 1f6 leak _AO-74-7 unknown - CS

Letter to NRC . . 7
Dtablo Canyn 1 PWR 311811977 Feedwater 1f Leak (4/18177) Constniction Defect/Errors Construction d6fect Cs--CS

Quad Cities 1 BWR 11/20/1977 residual heat removal 16 breakage 81-020R2 constnictio6ndefectlefrtrs construction defectslerrors SS
.. . . . NPE V.E 113

Browns Ferry I BWR (BWR-2, ook:8) tNot Given :t - Ovenstressed CS
Cook 2'' PWR 5/19/1979 service water 16 leak 82-011 Erosion/Corrosion Erosion/Corrosion CS

leak 1 of 2 leaks found in
Quad Ciiles i BWR 5/6/1980 SWSIRHR '16 'leak 84-7 fatlguevibrationaW"'' 16 line.CS

- . leak 2 of 2 leaks found in
Quad CitIes 1 BWR 5/6/1980 SWSIRHR 16 leak 84-7- fatigue-vibrational 16 lined CS*
McGuire 1 PWR 10/1/1981 FIre main 16 Rupture -. ., Not Given Overload CS

5-Inch split in steam line,
Caivert Cliffs i PWR 11/23/1981 Main Stean ; -64- eak AEOD/E4 16" StressCorrosionlIGSCC _ SIC '~ ' . CS

2 In. hole developed In the
high pressure turbine

Maine Yankee 1 PWR 9/10/1982 Main steam 16 Leak . Unknown extrart6rioteaniie CS
Calvert Cliffs 1 PWR 11/23/1983 Main Steam 16 Leak 83-046 Erosion/Corrosion Erosion/corrosion CS
LaSalle 1 BWR 1116/1984 Condensate 16 Failed Unknown Expansion joint CS
LaSalle 1 BWR 2/811984 Condensate 16 Failed Unknown Expansion joint Cs
Zion 1 PWR 7121/1984 steam 16 leak PNO-11-88-67 erosion/corrosion erosion/corrosion CS
Calvert Cliffs 1 PWR 11/20/1984 Condensate 16 Rupture 88-084 Erosion/Corrosion Erosion/Corrosion CS
Salem 1 .I PWR 9/12/1985 SWS cont. fan cooler 16 leak NPRDS erosion/corrosion sch 40 - -- CS
Salem 1 PWR 11/22/1986 service water 16 leak 90-026-04 erosion/corrosion erosion/corrosion CS
Salem 1 PWR 11/22/1986 SWS 16 leak LER 90-026 erosion/corrosion sch 40. 100% power CS

Sch 40, operations,
;;qu6st6iinalbe failure"

Cook I PWR 7/21/1987 ESW elbow 16 leak'' NPRDS ; Eroslon/Corroslonn mechanism SS'
Nine Mile Polnt 2 BWR 12126/1987 Condenser 16 Leak .IUnknown Cs
Beaver Valley 1 PWR 12/28/1987 Feedwater 16 - Crack 88-012 Thermal Fatigue . CS
Millstone 3 PWR 6/29/1989 Cont. recir. SWS 16 Leak Corrosion Sch 40. local corrosion Cs

Sch 40, pinhole leak, cold
Millstone I PWR 10/6/1990 SWS '- - 16 Leak Erosion/Corrosion shutdown - CS
Dresden 2 BWR 11/24/1990 Reactor coolant 16 Leak 93-014 Stress Corrosion/lGSCC IGSCG SS

eroslon/corrosion, 180 deg.
Sequoyah i PWR ii/28/1990 condensate 16 breakage IN 95.11 erosion/corrosion Crck -CS

Pinhole leak 1 of 2 pinhole
Palisades PWR 6/10/1993 CCW HX - 16 Leak _ EroslonlCorroslon leaks . CS
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Construction
Millstone 1 PWR 10/15/1993 Service water 16 Leak Defects/Errors Construction defectslerrors Cs

Dresden 2 BWR 5/27/1971 Condensate 18 Rupture Ltr DL 614171 Construction Defect/Errors Construction defect/error CS
Atmosphere control Liquid nitrogen problem, 2

Millstone 1 PWR 9/25/1972 header 18 Leak Fatigue-Vibrational cracks Ss

Water hammer, breakage
Indian Point 2 PWR 11/13/1973 Feedwater 18 Breakage Water hammer 180 deg CS

UE 75-18, letter to
Cooper BWR 10/11/1975 Service Water 18 Leak NRC (11/10115) Erosion/Corrosion Erosion/corrosion CS
Cooper BWR 9/1211977 Service Water 18 Leak RO 77-49 Erosion/Corrosion Erosion/corrosion CS
Beaver Valley 1 PWR 6/18/1979 Feedwater 18 Crack 79-014 Thermal Fatigue CS
Surry 2 PWR 12/8/1982 feedwater 18 rupture 86-020 erosion/corrosion erosion/corrosion CS
Byron 1 PWR 5/29/1986 Feedwater Elbow 18 Leak NPRDS Erosion/Corrosion Elbow, Sch 120, mode-1 CS
Susquehanna 2 BWR 2/3/1988 service water 18 leak NPDES unknown unknown cause CS
Sequoyah 1 PWR 6/14/1988 feedwater 18 leak IN 93-020 thermal fatigue thermal fatigue CS
Indian Point 2 PWR 5/27/1991 SWS cont. fan coolers 18 Leak Erosion/Corrosion Sch 40, 0.5 gpm, outage CS
Diablo Canyon 1 PWR 9/24/1992 Feedwater 18 Crack/Leak 92-022 Thermal Fatigue Thermal fatigue CS
Brunswick 1 BWR 10/19/1992 Service Water 18 Leak 92-008 Unknown Unknown CS

Cooper BWR 3/16/1993 Service Water 18 Leak 93-014 Construction Defect/Errors Bad valve design CS

Beaver Valley I PWR 8/8/1994 SWS (CI-3) 18 Leak ACN: 9412290 334 Not Given CS
Oconee 2 BWR 9/24/1996 Drain in steam line 18 Rupture Water hammer CS

Three Mile Island 1 PWR 11/21/1972 river water decay heal line 20 leak RO-76-42 not given local stress CS
Beaver Valley 1 PWR 5/10/1974 SWS 20 Leak Letter DRO Design Error CS
Hatch I BWR 3/9/1978 Residual heat removal 20 Leak Stress Corrosion/IGSCC IGSCC. indications of leak SS
Salem 1 PWR 9/1511982 turbine return line 20 leak PNO-1-86-075 erosion/corrosion Cs
Pilgrim BWR 7/9/1983 salt SWS 20 leak NPRDS erosion/corrosion sch 40, rubber lined pipe CS
Haddam Neck 1 PWR 4/25/1986 Steam extraction 20 Rupture Eroslon/Corrosion 28 in x G25 CS
Millstone 1 PWR 5122/1989 SWS 20 Leak Erosion/Corrosion Sch 40 CS

Sch 40, pinhole leak, at
Clinton BWR 9/13/1989 SWS CCW 20 leak NPRDS Cavitation power CS

Sch 40, small leak, poor
Clinton BWR 8121/1990 CCW SWS 20 leak NPRDS Cavitation design CS
Brunswick 2 BWR 11/9/1990 SWS 20 Leak NPRDS Corrosion, Pitting Sch 40, leak 1 of 2 leaks CS
Brunswick 2 BWR 11/9/11990 SWS 20 Leak NPRDS Not Given Sch 40, leak 2 of 2 leaks CS
Quad Cities 2 BWR 3/15/1976 steam 22 leak 80-017 stress corrosion/IGSCC IGSCC CS
Monticello BWR 9/28/1982 Coolant recirculation 22 Leak Stress corrosion Stress Corrosion SS
Monticello BWR 11/211982 Steam 22 Leak Stress Corrosion/IGSCC IGSCC CS
Monticello BWR 11/3/1982 Steam 22 Leak Stress Corrosion/IGSCC IGSCC CS

sch 40, 7gpm, buried 20ft x
Pilgrim BWR 711/1983 salt SWS 22 leak NPRDS erosion/corrosion 1/4 in? CS

Hatch 1 BWR 10/11/1984 Recirculation 22 Leak I_ Not Given 15 cracks Ss

;1:
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Sch 40, 3-5 gpm, rubber
Pirgrim BWR 312111987- salt SWS 22 leak NPRDS erosionlcorrosion lined pipe; refueling ' Cs
Oconee 3 BWR 1/1111976 Steam line 24 Leak ________ Erosion/Corrosion Pinhole leak In elbow Cs
Haddam Neck 1 PWR 6/15/1976 Main steam 24 Leak ________ Erosion/Corrosion Erosion/Corrosion Cs
Trojan PWR 1/8/1978 Iturbine exhaust 24 leak INPE VI.D.262 erosion/corrosion -Cs

8' crack at weld,
corrosion/fatigue, EIC, pipe

Zion 1 PWR 2/15/1978 main steam 24 leak PNO-111-82-21A corrosion/fatigue size 24.37.5 Cs
20%24'junction, large leak,

NPE VIi.E.147 80,000 gallons lost, similar
Browns Ferry 3 BWR 411/1978 Condensate Header 24 Leak (BWR-2, Book-2) Not Given event In11/77 Cs

Leak at bottom of an elbow
in the moisture separator

Dresden 3 BWR 1i14/1978 Main steam 24 Leak 78-052 Erosion/Corroslon ariea, Erosion/Corrosion 'CS'-
Salem 2 PWR 6/21/1979 service water 24 leak 83-032 unknown gasket failure Cs
Sequoyahl1 PWR 10/6/1979 IERCW 24 leak NPRDS erosion/corrosion sch 40 Cs

high pressure core
Sunry I PWR 10/1411979 injection 24 rupture PNO-11-83-082 unknown unknown cause Ss
Sequoyahl1 PWR- 11/6/1979 ERCW 24 leak NPRDS erosion/corrosion sch 40, elbow Cs
SequoyahlI PWR 2/13/1980 ERCW 24 leak NPRDS erosion/corrosion sch 40 Cs
SequoyahlI PWR 2/13/1980 ERCW 24 leak NPRDS erosion/corrosion Sch 40' i . Cs
Millstone 2 PWR 4/1/1982 SWS 24 Leak ______-_ Corrosion Sch 40, coating failures, Cs
Browns Ferr 1 BWR 6/24/1982 Turbine Exhaust 24 Leak NPE VI.O 262 Erosion/Corrosion Cs
Oconee 2 BWR 6/25/1982 Main steam 24 Rupture Erosion/Corrosion Erosion/Corrosion Cs

Reactor building cooling
Millstone 2 PWR 10/31/1984 waler 24 Leak _______ Erosion/Corrosion Sch 40 Cs

- .... Feedwater pump
Byron I PWR 6/11111985 discharge line - 24 Lealk NPRDS Weld Defect Cs
Millstone 2 PWR 4/10/1987 RBCW 24 Leak ________ Corrosion Sch 40 Cs
Millstone 2 PWR 5/28/ 1 98 7KKL;U 24 Leak I rosion/Gorrosion Sch 40 Cs

.Sch 40, questionable failure
Millstone 2 PWR 10/1"5/198'7 RBCW 24 Leak Erosion/Corroilon' mechanism', brackish water Cs

South Texas 2 PWR 12/9/1987 main steam drain 24 leak NPRDS stress corrosion cracking schi 80 Cs
H ope C re k - - B W *7 12/ 988 S W S ux. coo ing - 24Lea N o -. S ch 4 0, pinhole leak, epoxy

HopeCrek__WR__12_198_SW__au__coolig'_24_LakNotGiven coating failed C

Millstone 2 ~ ~~~ ~~~Reactor building cooling L a .o s r c i n e e tS h 4 , p o ~ l
.ilson 2PW R 102/3/1990 Swate rar- 24 'leak Co-9.3 - n sit giaven e eafaiur0o tB x cr a iri d

Surry I PWR _2_31990 _SW _spray_4__leak LER 94______gen __faiure'-ofta______ x___ a_____C

Miiistone 2 PWR 5/15/1990 SWS :24 'Leak Erosion/Corrosion Sch 40, 1 In hole Cs
Millstone 2 PWR .8/28/1990 SWS 24 Leak _______ Erosion/Corrosion Sch 40 Cs
Millstone 2 PWR 10/1/1990 SWS 24 Leak _______ Erosion/Corrosion Sch 40 Cs
Millstone 1. PWR_ 4/8/1 992 ISWS ,. .. 24 Leak Erosion/Corrosion Degraded coating., CS
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Questionable failure
Millstone 1 PWR 10/29/1993 Service water 24 Leak Erosion/Corrosion mechanism Cs
Millstone 2 PWR SWS 24 Leak Not Given Ductile iron Cs
Millstone 3 PWR SWS 24 Leak Not Given Ductile iron CS
Nine Mile Point 1 BWR 3123/1982 Coolant recirculation 28 Crack/Leak Stress Corrosion/iGSCC IGSCC SS
Monticello BWR 10/9/1982 Recirc. 28 Crack/Leak IGSCC Ss
Dresden 2 BWR 1/15/1983 Coolant recirculation 28 Leak 83-008 Stress Corrosion/IGSCC IGSCC Ss
Brunswick 1 BWR 1/18/1983 Coolant Recirculation 28 Crack/Leak 83-004 Stress Corrosion/IGSCC IGSCC (2/2) SS
Brunswick 1 BWR 1/18/1983 Coolant Rearculation 28 Crack/Leak S3-W Stess Corrosio IGSCC (1/2)

Cook 1 PWR 5/1/1973 Steam 30 leak NPE Vl.D.62 Construction defect/errors CS
Calvert Cliffs 1 PWR 12/2/1974 Service Water 30 Leak AO 74-13 Erosion/Corrosion Erosion CS
Calvert Cliffs 1 PWR 3/31/1976 Service Water 30 Leak RO 76-11 Erosion/Corrosion Erosion CS
Calvert Cliffs 1 PWR 3131/1976 Service Water 30 Leak 76-003L Erosion/Corrosion Erosion CS

Welded carbon steel pipe
lined with concrete mortar,

Calvert Cliffs 2 PWR 6/13/1977 Service water 30 leak 77-042 Erosion/Corrosion E/C CS
Dresden 2 BWR 2/25/1983 Coolant recirculation 30 Leak 83-015 Stress Corrosion/IGSCC Stress corrosion Ss

St. Lucie 1 PWR 4/19/1984 CCW (saltwater) 30 leak NPRDS corrosion sch 40. salt water corrosion CS
WPPSS 2 9/8/1984 condensate 30 leak 88-034 other nitrogen; liquid; shocked CS

Calvert Cliffs 1 PWR 11/10/1984 SWS 30 Leak NPRDS Erosion Sch 40. cast iron, saltwater CS
Wolf Creek PWR 3/23/1986 ESW 30 leak NPRDS erosion/corrosion sch 80. 100% power SS
St. Lucie 2 PWR 4/13/1986 SWS 30 leak NPRDS erosion/corrosion sch 40 CS

sch 40, cracked weld,
dealloying of SS Al-bronze

South Texas 2 PWR 9/23/1986 ECW 30 leak NPRDS dealloying interface Ss

sch 40, cracked weld,
dealloying of SS Al-bronze

South Texas 1 PWR 8/5/1987 CCW 30 leak NPRDS dealloying interface CS

sch 40, threaded
connection, salt water

St. Lucie 2 PWR 9/6/1987 intake cooling water elbow 30 leak NPRDS corrosion corrosion Ss

sch 40, cracked weld,
dealloying of SS Al-bronze

South Texas 1 PWR 11/6/1987 CCW 30 leak NPRDS dealloying interface CS

sch 40. cracked weld,
dealloying of SS Al-bronze

South Texas 1 PWR 11/13/1987 ECW 30 leak NPRDS dealloying interface Ss
sch 40, cracked weld,
dealloying of SS Al-bronze

South Texas 1 PWR 5/8/1988 CCW 30 leak NPRDS dealloying interface CS

sch 80, 10 gpm, 9.5-in. arc
Perry BWR 10/10/1988 condensate 30 leak NPRDS construction defect crack, poor weld CS
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sch 40, cracked weld,
deallaying of SS Al-bronze

South T exas 1 PWR 6/10/1989 ECW, 30 leak NPIRDS deblloying Interface SS-
- - - - ~ - Leak I of 2 leaks found

-between June 18 ad Ju66
Hope Creek BWR 6/1811990 SWS 30 Leak ______ _Erosion/Corrosion 22 Cs
Hope Creek BWR 12/27/1990 Service water 30 Leak Erosion/Corrosion ErosionlCorrosion Cs

Leak 1 of 2 leaks found in
expansion joint due to

Milto 3PW__R-- 11i SW-S- 30 Leak~ Pitting ~ ~ Pitting -Cs

Leak 2 oft2 leaks found In
expansion joint due to

Millstone 3 PWR 3/1111991 SWS -- -30 Leak Pitting-- pitting Cs
Millstone 3 PWR 74/41991 SWS 30 Leak Erosion/Corrosion Cs
Calvert Cliffs 1 PWR 11/24/1991 Saltwater Header 30 Leak ACN:9112650012 Corrosion . - ,.Cs

*Condensate expansion . Sch 80, air In-leakage, 75%
Indian Point 3 PWR 11130/1992 joint 30 Leak ________Fatigue power Cs

* Condensate expansion
Indian Point 3 PWR 1218/11992 joint . 30 Leak *.Not Giv~en-' Sdf80,ovr0dfuIor Cs

L . .: Condensate expansion 4 . ... Sch 80, air In-leakage, full
Indian PoInt W //93WjiP'''3 La -6Wa

Inin--Expansion joint - . .Sch 80; air In-leakage, full
IninPoint 3 PWR 1/14/1993 condensate 30 Leak - - Deformation power ~..Cs

- , -- - -. Condensate expansion '-;Sch 80, air in-leakage, full
Indian Point 3 PWR 1/20/1993 ont3LekDeformatifn . . p'ow-e-r -CS-

- Cndensate exp~ansioan * -Schi 8o, air In-leakage,
Indian Point 3 PWR 2131993 on 30 ea Construction Defect/Eirror's wrong parts used, full power C

Leak 1 of 2 leaks found
between June 18 and June

Hope Creek - BWR 6/18/1990 SWS .31 -Leak ______ _ ErosionfCorro sliorn 23 -Cs
Millstone 1 PWR 7/31/1985 SWS ~34 Leak . Corrosion . . Sch 80 . Cs
Millstone 1 PWR 8/1/1985 ESW 34 Leak Erosion/Corrosion Sch 80. -.. SS

. - -. . .. . .Schi 80, questionable failure
Millstoe 1 PWR 1118/1 989 SWS .34 Leak .Eros'ion/orrosion" mechanism .Cs

Millstone 1 ______ PWR 12/29/1989 SWS 34 "Leak *.Erosion/Corrosion Sch 80, salt water Cs
Millstone 1 ______ PWR 2/24/1992 SWS . 34 Leak Erosion/Corrosion Schi 80, salt water Cs
Millstone 1I_____ PWR 7/12/1992 SWS 34 Leak, ________ Erosion/Corrosion Sch 80, salt water Cs
Millstone 1I PWR 7/24/1985 SWS ~. . - 36 Leak ______ _EirosIon/Corrosion Schi 40 Cs

Perry BWR 12/21/1987 circ. Water to turbine bay 36 rpue not given .not given fiberglass pipe at elbow Cs

Perry BWR 12/21/1987 component cooling 38 rupture 91-027 [2-92:2411 construction defect/6irrors, construction defects/errors C
Catawba 1 -PWR 72192Turbine line 50 rupture 92-009 unknown unknown cause-. Cs
Hatch 2 BWR 2//98 iet header 66 Fracture .Not Given .Brittle Fracture , SS
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cooling tower leak, unknown
Prairie Island 1 PWR 9/9/1971 condensate 84 leak 75-007 unknown cause Cs

Oyster Creek BWR 6/15/1972 Emergency core cooling 100 Rupture Unknown Exp. Joint; NISC 109 Ss

main steam atmospheric
Three Mile Island 2 PWR 1/14/1975 relief valve bellows 100 rupture PNO-1-79-06 unknown cause not determined CS
LaSalle 1 BWR 11/16)1984 Turbine line 100 Rupture Not Given Bellows failed CS

Bellows at steam relief
Dresden 2 BWR 9/29/1985 valve 100 Rupture LER-85-35 Not Given Bellows failed CS
Clinton BWR 7/14/1989 Condensate 100 failed 89-029 Aged Aged expansion joint CS
Grand Gulf BWR 8/14/1989 Condensate 100 Breakage 89-012 Unknown Expansion joint CS
Oconee 2 BWR 5/4/1995 Steam extraction line 100 Rupture Not Given Expansion joint CS
Quad Cities 1 BWR 6/8/1968 condensate 120 rupture letter on 6/11172 water hammer water hammer, exp. Joint CS
Palo Verde PWR 6/28/1987 ine near condenser 120 Rupture Water hammer Several leaks CS
Palo Verde 1 PWR 6/28/1987 Circ water loop 120 Rupture Water hammer CS

leaked flow transmitter,
Turkey Point 3 PWR 1/5/1969 reactor coolant c1 leak AO 73-1 unknown unknown cause SS
Indian Point 1 PWR 8/8/1969 Reactor Coolant <1 Leak Fatigue-Vibrational Fatigue-Vibrational SS
Indian Point 1 PWR 9/12/1969 RCS <1 Leak Fatigue-Vibrational Fatigue-Vibrational SS
Oyster Creek BWR 3/25/1970 Flow sensor <1 Leak Unknown Fitting failed SS
Three Mile Island 1 PWR 6/2/1970 reactor coolant <1 leak AO 74-06 fatigue-vibrational fatigue-vibrational Ss
Yankee Rowe PWR 8/24/1970 instrumentation <1 leak AO 74-5 unknown unknown cause SS

letter to NRC leaked tube caused by
Prairie Island 2 PWR 12/15/1970 pressurizer <1 leak (3/475) other personnel error SS
Surry 2 PWR 12/31/1970 low transmitter <1 failed fiche 50281-385 not given SS
Yankee Rowe PWR 2/7/1971 flow sensor <1 leak AO 75-1 fatigue-vibrational fatigue-vibrational SS
Yankee Rowe PWR 2/18/1971 flow sensor <1 leak AO 75-3 fatigue-vibrational fatigue-vibration SS

ORNL-NSIC-
Prairie Island 2 PWR 3/3/1971 reactor coolant <1 leak 127:100426 construction defect/errors construction defect SS
Yankee Rowe PWR 3/20/1971 flow sensor <1 leak AO 75-4 fatigue-vibrational fatigue-vibration. IGSCC SS

reactor coolant seal ORNL-NSIC-
Prairie Island 1 PWR 7/6/1971 Injection line <1 leak 127:104085 fatigue-vibrational SS

Yankee Rowe PWR 8/6/1971 reactor coolant <i leak AO 75-7 fatigue-vibrational fatigue-vibration at nozzle SS
Palisades PWR 2/26/1972 Charging <1 Leak Fatigue-Vibrational SS

Charging pump line
Palisades PWR 3/6/1972 socket weld <1 Leak Fatigue-Vibrational SS
Palisades PWR 11/2/1972 Reactor coolant <1 Leak Fatigue-Vibrational Fatigue -Vibrational Ss

ORNL-NSIC-
Cook 1 PWR 12/1/1972 Component coolers <1 leak 87:35027 fatigue-vibrational fatigue-vibration CS

ORNL-NSIC-
Cook 2 PWR 12/1/1972 Component coolers <1 leak 87:35027 fatigue-vibrational fatigue-vibrational CS

San Onofre 1 PWR 1/23/1973 residual heat removal <c leak 77-003 construction defectlerrors maintenance error Ss
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weld failure, unknown
Yankee Rowe PWR 212311973 service water 'c1 leak 77-010 - n nwnaserteedC

leaked radiator, unknown
Turkey Point 3 PWR 6/9/1973 component cooting 'ci leak RO 77-8 unknown cause; Cs

swage lock pulled away
Gtnna, PWR 8/1/1973. Feedwater 'ci Severed Ltr DR; 8/1/173 -~Unknowni from flow orifce Cs

Tube cracked, unknown
Millstone I PWR 12/30/1973 Condensate 'i Leak .. stress Corroslon/IGdSS cause Cs___
Turkey Point 4 PWR 2/28/1974 charging - 'ci< leak NPE VIII>A.288 fatigue-vibrational Ss
Oyster Creek BWR 6f1/1974. -instrument line 'ci Leak ________Unknown Unknown cause Sss
Surr 1 PWR 81111974- component cooling, '1 failed 78-026 corrosion corrosion Cs

leake7d fittings,
Salem I PWR 8/29/1974 service water 'ci leak 78-059 erosion/corrosion erosionlcorrosion Cs
Salem 1 PWR 9/30/1974 component cooling 'ci ieak 78-069 corrosion -corrosion Cs

Dresden 2 BWR 12110/1974 Reactor coolant/LPCI 'ci Crack/Leak AO 74-73 Construction Defect/Errors Construction defects Ss
Dresden 2, BWR 12/20/1974 LPCI drain line 'ci Leak Letter DRO Construction Error Weld 1-0-P. poor weld Ss
Maine Yankee 1 PWR 1122/1975 Coolant recirculation 'ci Leak Erosion/Corrosion Erosion Ss

Fitzpatrick BWR 1/29/1975 Containment spray .*1c Leak AO 75-13 Unknown Weld leak, unknown cause Ss
Indian Point 2. PWR 1/29/1975 Reactor Coolant 'c1 Leak "-: - ~.I 1. Fatigue-Vibrational Fatigue-Vibrational Ss
Calvert Cliffs I PWR 3/1/1975 Pump Pressure Sensor c1 Leak NPE V.A.46 Unknown Ss

Reactor Coolant Sensing ..- -

Calvert Cliffs 1 PWR 3/17/1975 Uine . - 'c Leak AO 75-25 Fatigue Weld Failure Ss

.... - . . ... .....- - leaked water level indication -

Turkey Point 3 PWR 3/27/1975 instrument line 'i leak 179-009 unknown lin e. , unknown cause Ss

Zion 1I PWR 4/15/1975 feedwater/condenser . '<i - leak- LER-79-031 fatigue, construction defect Cs
Cookl1 PWR 5127/1975 RH-R 'c1 leak NPE VIII.B.102 fatigue-vibrational -. Ss

Inst. Pressure sensing
- line, clean water storage

Indian Point 1 PWR 6/1611975 tank 'cI Puncture _________Not Given Drilled hole punctured line Ss
- - ,... -Leaked reactor pressure

gauge sensor, unknown
Monticello: BWR 7113/1975 Flow sensor 'ci Leak . ~ Unknown - cause-1.S
AN01 PWR 7/20/1975 Flow Sensor 'c1 Leak JAQ 75-3 Fatigue-Vibrational Fatigue-vibration ss
Calvert Cliffs 1 PWR '9/1/1975 Instrument Uine, <c Leak NPE VIII.A.279 Fatigue-Vibrational S__________ ss

High pressure core
Hatch'i BWR - i6O'/Pii'/1'9i-5 Inje ction <.1 Leak ________Unknown Unknown cause Ss
Calvert Cliffs I PWR 10124/1975 Service Water .'1c Leak AO 755-55 Fatigue-Vibrational Fatigue-vibration Cs

Rancho Seco PWR 11/24/1975 containment heat removal - 1 leak 179-019 fatigue-vibrational - fatigue-vibrational -- Cs
Surry 1 PWR 12/13/1975 boric acid 'c1 leak 19-U039 stress corrosion/IGSGG stress corrosion ss
Cook 1 PWR 1110/1976 Instrument line- 'c1 leak RO 76-07 fatigue-vibrational ss
Cook 1I PWR 13/15/1976 lInstrument line - 'ci leak IRO 70-07 . - Fatigue-vibrational ., fatigue-vibrational Sss
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Fatigue, poor weld contour,
Indian Point 3 PWR 3/17/1976 Accumulators <1 Crack/Leak Construction Defect/Errors construction defect SS
Indian Point 3 PWR 3/30/1976 Reactor Coolant ci Crack/Leak Fatigue SS
Calvert Cliffs 1 PWR 4/2/1976 Coolant Recirculation <1 Leak RO 76-12 Erosion/Corrosion Two-phase SS
Cook 1 PWR 4/30/1976 component cooling <1 leak RO 76-16 unknown unknown cause CS

Turkey Point 3 PWR 4/30/1976 boron transporter <1 leak NPE VIli.A.524 stress corrosion cracking SCC SS

compression fitting failed,
Sequoyah 1 PWR 5/11/1976 flow sensor <1 rupture 80-057 unknown unknown cause SS
Salem 1 PWR 5/31/1976 charging <1 leak NPE Vili.A.437 fatigue SS
Calvert Cliffs 1 PWR 6/1/1976 Service Water <1 Leak 76-033 Erosion/Corrosion Erosion/Corrosion CS

Construction
Monticello BWR 6/14/1976 Service water <1 Leak Defects/Errors construction defect CS
ANO1 PWR 6/22/1976 Makeup System <1 Leak RO 76-12 Fatigue-Vibrational Fatigue-vibration SS
Brunswick 2 BWR 7/2/1976 Service Water <1 Leak RO 76-92 Fatigue-Vibrational Fatigue-vibration CS
Brunswick 2 BWR 7/2/1976 Service Water <1 Leak RO 76-91 Fatigue-Vibrational Fatigue-vibration CS
Indian Point 3 PWR 9/2/1976 Pressurizer <1 Leak Fatigue-Vibrational Fatigue-Vibrational SS
Monticello BWR 9/29/1976 Feedwater <1 Leak Fatigue-Vibrational Fatigue-vibration CS
Vermont Yankee BWR 10/13/1976 core spray sparger <1 leak 80-33 IGSCC SS

pressure gauge tap sock-
Robinson 2 PWR 11/29/1976 o-let to regenerative HX <1 leak 80-030 fatigue-vibrational SS

Chemical and Volume
Calvert Cliffs 2 PWR 12/1/1976 Control <1 Leak LER-76-005/1P Fatigue-Vibrational SS

Chemical and Volume
Calvert Cliffs 2 PWR 12/1/1976 Control <1 Leak LER-76-006/lP Fatigue-Vibrational SS

chemical and volume
Calvert Cliffs 2 PWR 12/1/1976 control <1 crack/leak 76-005 fatigue-vibrational fatigue-vibration SS

pressure gauge tap sock-
Robinson 2 PWR 12/1/1976 o-let to regenerative HX <1 leak 80-030 fatigue-vibrational SS

pressure gauge tap sock-
Robinson 2 PWR 12/1/1976 o-let to regenerative HX <1 leak 80-030 fatigue-vibrational SS
Calvert Cliffs 1 PWR 12/6/1976 Pressurizer <1 Crack/Leak 76-055 Thermal Fatigue Cracked weld, fatigue SS

chemical and volume
Calvert Cliffs 2 PWR 1/15/1977 control <1 leak 77-008 fatigue-vibrational cracked weld Ss

containment fan coil leaks,
Salem 1 PWR 1/25/1977 containment heat removal <1 leak 81-010 erosion/corrosion erosion/corrosion CS
Indian Point 2 PWR 2/1/11977 Reactor Coolant <1 Leak Fatigue-Vibrational Fatigue-Vibrational SS

fretting between tubes and
Salem 1 PWR 3/10/1977 thimble tube <1 leak 81-028 unknown nozzle blocks SS
Indian Point 2 PWR 3/11/1977 Pressurizer <1 Leak Fatigue-Vibrational Fatigue-Vibrational Ss

containment fan coil leaks,
Salem 1 PWR 3/23/1977 containment heat removal <1 leak 81-031 erosion/corrosion erosion/corrosion CS
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containment fan coil leaks,
Salem I MRPWR _4121/`1977 contalinment heat iem&~Al <1 leak 81.039 erosion/corroslon - -erosion/corrosion -
Calvert Cliffs 2 PWR 6/27/1977 Cow ci leak 77.050 Loose Joint ___________ Cs

.. -Fatigue-vibrational, cracked
Calvert Cliffs 2 PWR 6/30/1977 service water <1 leak 177-048 fatigue-vibrational weld Cs

- -. . .fretting between tubes and
Salem 1 PWR 7/8/1977 thimble tube ci leak 181-028 unknown nozzle blocks. Ss

.. - stress corrosion crackIng at
Turkey Point 4 PWR 7/16/11977 reactor coolant <1 leak 81-008 stress corroslon/IGSCC nipple -Ss

IX.E. 1008 (NPE,
Browns Ferry 2 BWR 811/1977 Reactor Sensor Line <1 Leak BWR-2 Book.3) .- IGSCC -ss

_V!-. leaked fan cooler,
Salem 2 PWR 8/5/1 977 service water c1 leak 181-064 eroslon/corrosion erosionlcorrosion Cs

containment fan coil leaks,
Salem 1 PWR 8/12/1977 containment heat removal ci leak 81-072 erosion/corroslon erosIon/corrosion Cs

- ~.-.. .-.- ... -. -threaded Joint wear,
- C cbrrosion fatigue, joint

Son Onofre I PWR 8/15/1977 reactor coolant . < eaIC 81.019 -corrosion/fatigue . .lightened - 7- - s
-. … - ~ -~ ~ i~imt On - ..- i ~ e~kleaked flow transmitter,

Sale . __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _8 - 8u-nkr if . 2  
-, unknow h-cause- SS

San Onofre 1 PWR 8/24/1977 pump seal coolant ci leak NPE V111A546 wear . - -. -, *1- .-- - SS
- -. *' ¶V) .~~ -containment fan coil leaks,

Salem I PWR 8/25/1977 cinta~irihient h6dat in/mb~al <1lik- 81-074 erosion/corrosion erosidnlcorrosion- CS
containment fan coil leaks,

SlmI-PW__R_ 9//177 c taii nfet heat'renoial <f lak 8106eroslon/corro-slon- erosion/corrosion . . C
containment fan coil leaks,

Salem ¶ PWR - 9/1/1977 contalinment heat removal _____ leak- 81-077 - erosion/corrosIon, erosion/corrosIon CS'
containment fan coil leaks,

Salem I PWR 9/2/1977 containmient heat removal <1 leak 81-078 . erosion/corrosion erosion/corrosion - Cs
containment fan coil leaks,

Salem 2 PWR 911211977 containment hiatirdmi6al -<1 leak - 82-090 - eroshin/cdfrI6sion~ corroslon- CS'
containment fan coil leaks,

Salem 1 PWR 10/19/1977 containment heat removal <1 leak 81-092 erosion/corrosion .erosion/corrosion Cs
- . *.containment fan coil leaks,

Salem I PWR 10/27/1977 containment heat removal ci1 leak 81-094 erosion/corrosion erosion/corrosion CS
-~.. . .containment fan coil leaks,

Salem I PWR 11/6/1977 containment heat removal <1leak 181-096 .erosion/corrosion erosion/corrosion Cs
chemical and volume .,

Zion 2 PWR 11/10/1977 control <1 failed 81-027 unknown compression fitting failed , Ss

fretting between tubes and;
Salem I W 11/17 hml tube.-leak'- 81-028--' . argue-vibrational" nozzle blocks, vibration . SS-

Sale I PW -1/1/197 chtannint eat emoal 1 lak 1-15 eosin/crroioncontainment fan coil leaks,
Sa_______R_ 11_161_977 ____________hearemva <__eak- ___________ torroi emosion/corrosion' -CS

Salem 2. PWR 111/18/1977 containment heat removal <1: leak. 81-114 .. erosion/corrosion leaked tubes, corrosion C
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containment fan coil leaks,
Salem 1 PWR 11123/1977 containment heat removal <1 leak 81-108 erosion/corrosion erosion/corrosion CS

containment fan coil leaks,
Salem 1 PWR 11/24/1977 containment <1 leak 81-115 erosion/corrosion erosion/corrosion CS

containment fan coil leaks,

Salem 2 PWR 11/24/1977 containment heat removal <1 leak 81-115 erosion/corrosion corrosion Cs

containment fan coil leaks,
Salem 1 PWR 11/27/1977 containment heat removal <1 leak 81-109 erosion/corrosion erosion/corrosion CS

containment fan coil leaks,

Salem 1 PWR 12/7/1977 containment heat removal <1 leak 81-114 erosion/corrosion erosion/corrosion Cs

High pressure core
Dresden 2 BWR 12/19/1977 injection c1 Leak RO Unknown Steam leak, unknown cause Ss

leaked tubes,

Salem I PWR 12/25/1977 service water <1 leak 81-118 erosion/corrosion erosion/corrosion Cs
Fort Calhoun PWR 1/17/1978 Charging line <1 Leak 78-003 Fatigue-Vibrational Fatigue-vibrational SS

NPE VII.F. 149
Pilgrim BWR 1/17/1978 fire pump sensor <1 rupture (BWR-2. Book 2) frozen CS

Indian Point 2 PWR 2/13/1978 Instrumentation <1 Leak Fatigue-Vibrational Fatigue-Vibrational SS
Indian Point 2 PWR 2/13/1978 Reactor Coolant ci Leak Fatigue-Vibrational Fatigue-Vibrational SS

Construction
North Anna 1 PWR 3/22/1978 Residual heal removal <1 Leak Defects/Errors Construction defect SS

leaked tubes due to loose
Salem 1 PWR 4/4/1978 steam <1 leak 82-021 unknown fittings CS
Calvert Cliffs 1 PWR 4/17/1978 Reactor Coolant <1 Leak 78-022 Fatigue-Vibrational Fatigue-vibration Ss

containment fan coil leaks.
Salem 2 PWR 5/2/1978 containment heat removal <1 leak 82-028 erosion/corrosion corrosion CS

containment fan coil leaks,
Salem 2 PWR 5/18/1978 containment heat removal <1 leak 82-046 erosion/corrosion erosion/corrosion CS
Calvert Cliffs 2 PWR 5/23/1978 Reactor Coolant <1 leak 78-013 Fatigue-vibrational fatigue-vibration SS
Indian Point 2 PWR 6/26/1978 Instrument line <1 Leak Erosion/Corrosion Erosion/Corrosion SS

Instrument line waste
Nine Mile Point 1 BWR 6/28/1978 conc. <1 Leak Corrosion Corrosion Ss

leaked tubes,
Robinson 2 PWR 7/14/1978 containment heat removal <1 leak 82-006 erosion/corrosion erosion/corrosion CS

NPE ViI.A.46 (BWR- Questionable failure
Dresden 3 BWR 8/1/1978 RWCU HX vent line c1 Leak 2. Book-2) Fatigue-Vibrational mechanism Ss

containment fan coil leaks.
Salem 2 PWR 8/8/1978 containment heat removal <1 leak 82-070 erosion/corrosion erosion/corrosion CS

containment fan coil leaks,
Salem 2 PWR 8/12/1978 containment heat removal <1 leak 82-074 erosion/corrosion erosion/corrosion CS

Stress Corrosion Cracking,

AN01 PWR 8/18/1978 Flow Sensor <1 Leak 78-021 IGSCC Stress Corrosion Cracking SS
containment fan coil leaks,

Salem 2 PWR 8/18/1978 containment heat removal <1 leak 82-078 erosion/corrosion erosion/corrosion CS
containment fan coil leaks,

Salem 2 PWR 8/20/1978 containment heat removal <1 leak 80-080 erosion/corrosion erosion/corrosion CS
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- containment fan coil leaks,
Salem 2 PWR 8/28/1978 containment heat removal <1 leak 82-084 erosion/corrosion erosion/corrosion CS

containment fan coil leaks,
Salem 2 PWR 8/29/1978 containment heat removal <1 leak 82-089 construction defect/errors failed repair CS

containment fan coil leaks,
Sarem 2 PWR 9/5/1978 wntainment heat removal - '' leak 82-091 eroslon/corroslon- erosion/corrosion - CS '.

containment fan coil leaks.
Salem 2 PWR 9/7/1978 containment heat removal "c leak 82-092 erosion/corrosion erosTon/corrosion CS

containment fan coil leaks,-
Salem 2 PWR 9/9/1978 containment heat removal <1 leak 82-093 erosIon/corrosion erosion/corrosion Cs

containment fan coil leaks.
Salem 2 PWR 9/14/1978 containment heat removal <1 leak 82-100 eroson/corroslon' erosion/corroslon CS

containment fan coil leaks,
Salem 2 PWR 9/15/1978 containment heat removal <1 leak 82-101 erosion/corrosion erosion/corrosion CS

. containment fan coil leaks,
Salem 2 PWR 912211978 containment heat removal c1 leak 82-109 erosion/corrosion erosion/corrosion CS

containment fan coil leaks,
Salem 2 PWR 10/1/1978 containment heat removal <1 leak 82-111 erosion/corrosion erosion/corrosion CS

;*containment fan coil leaks.
Salem 2 PWR 10/4/1978 containment heat removal <1 leak 82-113 erosion/corrosion eroson/corrosion C CS

...- . containment fan coil leaks,
. Piem2 PWR 0/o7 1978 contanmient heat reroval T ci. leak 82-119 e rosIbn/corrosion etiiosb6rtosion - TCs

containment fan coil leaks,
Salem 2. PWR 10/10/1978 containment heat removal 1'i leak 82-120 ' eroson/corosin erosion/corosion - , CS

containment fan coil leaks,
Salem 2 PWR 10/17/1978 containment heat removaI _ _ _ leak 82-122 - - e'rsbon-/corrosion ' erosorn/corrosiorn ' CS

containment fan coil leaks,
Salem 2 PWR 10130/1978 containment heat removal <1 leak 82-128 erosion/corrosion eroslon/corosbon CS
Calvert Cliffs 2 PWR 11/15/1978 Reactor Coolant <1 leak 78-039 Fatigue-vibrational fatigue-vibration SS
Indian Point 2 PWR 11/16/1978 Reactor Coolant <1 Leak Fatigue-Vibrational Fatigue-Vibrational SS

containment fan coil leaks,
Salem 2 - PWR 11/20/1978 contalinment heat removal I 'leak- 82-136 'rosion/corrosion corrosion CS

containment fan coil leaks,.
Salem 2 PWR 11120/1978 con6tainment heat removal 'I' leak 82-135 - erosion/corrosiorn erosion/corrosion CS

containment fan coil leaks,,
Salem 2 PWR 11/23/1978 contarinnient heat reii6oval - k1leak 82-138 & r6.io/coijsion/ corrosioni i . CS
Calvert Cliffs 2 PWR 12/25/1978 1low sensor <1 leak .r78-050 rrosion/latigue latigue/corrosion SS
Fort Calhoun PWR 12/27/1978 Service Water -<1 Leak 78-046 Fatigue-Vibrational Fatigue-vibrational . CS
Indian Point 1 PWR 1/1/1979 CVCS <1 Leak Fatigue-Vibrational * * . SS

compression fitting failed;
Sequoyah 1 PWR 2/3/1979 flow sensor' '. - <1 rupture 83-035 construction defectlerrors. construction defect SS
Fort Calhoun PWR 2/26/1979 Reactor Coolant <1 Leak 79-004 Fatigue-Vibrational Fatigue-vibrational SS

Leaked pump cooler tubes,
Oconee 1 BWR 3/15/1979 Coimponent cooling . i . Leaki .. Eroslon/Corrosion unknown cause CS
Indian Point 2 PWR 3/29/1979 Service water <1 Leak .L; Unknown Unknown cause CS

j - I . :~~~~~~I ., , .- j . ... . . .
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containment heat
Robinson 2 PWR 4/9/1979 removaUSWS <1 leak 83-003 erosion/corrosion erosion/corrosion CS

Leaked pump cooler tubes,
Oconee 1 BWR 4/19/1979 Component cooling <1 Leak Unknown unknown cause CS

Core spray pump bleed NPE VII.C. 81
Dresden 3 BWR 6/1/1979 line <1 Leak (BWR-2. Book-2) Fatigue-Vibrational Ss

Leaked thimble tube weld,
Big Rock Point BWR 6/11/1979 Control Rod Drive <1 Leak PNO 79-151 Unknown unknown cause SS

NPE PWR-2-li-
Salem 1 PWR 6/30/1979 flux thimbles <1 leak No.43 wear Ss

leaked tubes,
Robinson 2 PWR 7/3/1979 service water <1 leak 83-014 erosion/corrosion erosion/corrosion CS
Indian Point 2 PWR 7/4/1979 Pressurizer <1 Leak Fatigue-Vibrational Fatigue-Vibrational Ss
Three Mile Island 1 PWR 7/7M1979 flow sensor <1 leak PNO-TMI-83-004 fatigue-vibrational loose fittings. vibration Ss

chemical and volume leaked tubes,
Salem 1 PWR 8/14/1979 control <1 leak 83-048 erosion/corrosion erosion/corrosion Ss
Crystal River 3 PWR 8/22/1979 Makeup system <1 Leak 79-082 Fatigue-Vibrational Fatigue-vibration SS

leaked fan cooler, unknown
Robinson 2 PWR 8/22/1979 service water <1 leak 83-022 unknown cause CS
Oconee 1, 2, & 3 BWR 9/1/1979 SWS <1 Leak Erosion Cs

St. Lucie 2 PWR 9/7/1979 service water cl leak 83-054 construction defect/errors construction defecterrors CS
leaked tubes,

Robinson 2 PWR 9/25/1979 containment heat removal <1 leak 83-025 erosion/corrosion erosion/corrosion CS
Crystal River 3 PWR 9/29/1979 Makeup <1 Leak NPE ViiI.A.403 Fatigue-Vibrational Ss

leaked tubes,
Robinson 2 PWR 10/11/1979 containment <1 leak 83-026 erosion/corrosion erosion/corrosion CS

leaked tubes,
Robinson 2 PWR 11/2/1979 containment heat removal <1 leak 83-027 erosion/corrosion erosion/corrosion CS

containment fan coil leaks,
Salem 1 PWR 11/9/1979 reactor coolant <1 leak 83-055 unknown unknown cause SS

Leaked pump cooler tubes,
Oconee 1 BWR 12/10/1979 Component cooling <1 Leak Unknown unknown cause CS

leaked tube, corrosion
Zion 2 PWR 12/12/1979 containment heat removal <1 leak 83-0145 erosion/corrosion pitting CS

leaked diesel generator
jacket water heater, fatigue-

Salem 1 PWR 12/22/1979 component cooling <1 leak 83-073 fatigue-vibrational vibration CS
Crystal River 3 PWR 12/24/1979 Makeup <1 Leak NPE VliI.A.403 Fatigue-Vibrational SS
Zion 1 PWR 1/19/1980 seal tabs <1 leak LER 84-005 , IN 84-55 not given CS
Oconee 1 BWR 2/16/1980 Service water <1 Leak Erosion/Corrosion Erosion/corrosion CS

Unknown cause, failed part
Calvert Cliffs 2 PWR 4/17/1980 Instrument Line <1 leak 80-024 Unknown contaimnated Ss

Zion 2 PWR 5/2/1980 containment heat removal <1 leak 84-013 erosion/corrosion fan coil thinning, corrosion CS
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:.. . _.. .. .. _ Leaked pump cooler tubes,
Oconee 1 BWR 6/111980 Component cooling <1 Leak Eroslon/Corrosion unknown cause CS

Peach Bottom 3. BWR 6/9/1980 instrument line- jet pump <_ leak 84-008 - stress corrosion/lGSCC IGSCC Ss

Leaked pump cooler tubes,
Oconee I BWR 7/7/1980 Component cooling <1 Leak Erosion/Corrosion erosion/corrosion CS
Dresden 2 - BWR 7/28/1980 Reactor Water Cleanup <1 Leak 804029 Thermal Fatigue Thermal Fatigue Cracking Ss
ANO2 PWR 8/23/1980 Sevice Water <1 Leak 80-068 Fatigue-Vibrational Fatigue-vibration CS
Fort Calhoun PWR 10/27/1980 Pressurizer <1 Leak 80-025 Fatigue-Vibrational Fatigue-vibrational SS

compression fitting failed,
Calvert Cliffs 2 PWR 1219/1980 component cooling <1 leak 80-055 Unknown unknown cause CS
ANO2 PWR 1/1/1981 Charging <1 Leak NPE VI11.A530 Fabrication Defect SS

Plugged drain, unknown
Ginna PWR 2/11/1981 Condensate <1 Leak RO 81-004 Unknown cause - CS
Beaver Valley 1 PWR 2/21/1981 Reactor Coolant <1 Leak 81-014 Corrosion Corrosion SS

Containment Heat .
Calvert Cliffs 2 PWR 3/3/1981 Removal - - <1 leak 81-035 Construction Defect/Errors Construction Defect/Errors CS

_ containment fan coil leaks,
Salem i PWR 3/1191 981 containment heat removal <1 leak 85-006 erosion/corrosion erosion/corrosion CS
Turkey Point 4 PWR 4/10/1981 pressurizer ci leak 85-008 unknown loose fitting,.- SS

._.. __ . IE.E 1008 (NPE, ; _
Browns Ferry3 BWR 5/1/1981 ReactorSensorUne <1 Leak BWR-2 Book-3) IGSCC- :SS
Indian Point 2 _ PWR 5/11/1981 Residual heat removal <1 Leak Fatigue-Vibrational Fatigue-Vibrational Ss

... Pipe threading failure,-
BeaverValley I PWR 5/19/1981 Instnument Line <1 Leak 81-062 Unknown unknown cause Ss

Questionable failure
Beaver Valley 1 PWR 6/19/1981 Aux. Feedwater <1 Leak 81-062 Fatigue-Vibrational mechanism 'CS
Browns Ferry 3 BWR 7/1/1981 Residual Heat Removal <1 Leak 81-032 Unknown Unknown Cause SS

leaked coil, construction
Cook I PWR 7/1/1981 Service water <1 leak 81-020 Construction Defect/Errors defect CS
Fartey2 2 . PWR 7/17/1981 Instrumentation --- <1 Failed 81*028 Fatigue-Vibrational Fatigue-vibration SS
Farley 1 PWR 7/24/1981 Instrument line <1 Leak 81-052 Fatigue-Vibrational Fatigue-vibration SS

_ -. . _ :_Leaked tube from loose
McGuire 1 . PWR 8/11/1981 Service water 1c Leak Unknown fitting- CS

Beaver Valley I PWR 8/17/1981 Containment heat removal .<I Leak 81-077 Thermal Fatigue Thermal Fatigue CS
ANO1 PWR 8/26/1981 Residual Heat Removal <1 Leak 81-013 Fatigue-Vibrational Fatigue-vibration , SS

. _ Pressurized air leak,
. . _ ._ . _; __ _s _stpped threading,

Fort Calhoun PWR 9/24/1981 Instrument air <1 Leak 81-009 Construction Defect/Errors constnuction defect SS
Corrosion in cooling unit

Big Rock Point BWR 9/30/1981 Coolant Recrculation <1 Leak 81-024 Erosion/Corrosion coils Ss
Cracked weld, unknown

Calvert Cliffs 1 PWR 11/16/1981 Spent Fuel Pool <1 Failed 81-080 Unknown cause CS
. . ,. . ; .: ^ Cracked nipple, unknown

Browns Ferry I BWR 12/11/1981 Component Cooling <1 , Leak 81-089 - Unknown -- cause CS
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St. Lucie 2 PWR 1/6/1982 component cooling <1 leak 86-001 other personnel error CS

broken threded ripple,
Cook 1 PWR 1/15/1982 Instrument air <1 leak 82-005 unknown unknown cause Ss
Beaver Valley 1 PWR 1/19/1982 Coolant Recirculation c1 Crack 82-002 Other Frozen Pipe Ss
Big Rock Point BWR 1/28/1982 Coolant Recirculation <1 Leak 82-003 Corrosion Corrosion Ss
Salem 1 PWR 613/1982 SWS/CFCU <1 leak SR 86-3 corrosion Cs
Palo Verde 1 PWR 7/9/1982 Reactor coolant <1 Leak Thermal Fatigue Thermal Fatigue SS
Kewaunee PWR 8/1/1982 Boric Acid <1 Leak Corrosion Corrosion SS

Leaked pump cooler tubes,
Oconee 1 BWR 8/1111982 Component cooling <1 Leak Erosion/Corrosion erosion/corrosion CS

Calvert Cliffs 1 PWR 8/20/1982 Reactor Coolant <1 Leak 82-055 Unknown Unknown Cause Ss
AN01 PWR 1/7/1983 Spent Fuel Pool <1 Leak 83-002 Fatigue-Vibrational Fatigue-vibration CS

Salem 1 PWR 5/13/1983 containment heat removal <1 leak special report 87.3 eroslon/corrosion leaked tubes, corrosion CS

Tube fitting leaked, fitting
McGuire 12 PWR 5/21/1983 Flow sensor <1 Leak Unknown replace SS

Salem 1 PWR 5/26/1983 containment heat removal <1 leak special report 87-4 unknown leaked gasket in fan coil CS
Browns Ferry 1 BWR 6/14/1983 Instrument Line <1 Leak 83-031 Unknown Unknown Cause Ss

Reactor Coolant Pump
ANO2 PWR 8125/1983 Pressure Sensing Line <1 Leak 83-039 Fatigue-Vibrational SS
Dresden 2 BWR 9/5/1983 Steam <1 Leak 83-064 Thermal Fatigue Thermal fatigue CS

Salem 1 PWR 9/27/1983 containment heat removal <1 leak special report 87-8 corrosion corrosion of spool weld CS
Calvert Cliffs 1 PWR 10/10/1983 Instrumentation <1 Leak 83-057 Fatigue-Vibrational Fatigue-vibration Ss
McGuire 11 PWR 10/2511983 Instrument line <1 Leak Unknown Compression fitting failed Ss
Kewaunee PWR 10/28/1983 Charging line <1 Leak Fatigue-Vibrational Ss

Compression fitting failed.
Cook 2 PWR 11/511983 Component Cooling <1 leak 83-107 Fatigue-vibrational fatigue-vibration CS
McGuire 10 PWR 11/14/1983 Instrument line <1 Leak Unknown Compression fitting failed SS

containment fan coil leaks,
Salem 2 PWR 12/8/1983 containment heat removal <1 leak special report 87-6 other loose plug. plug tightened CS
Cooper BWR 9/15/1984 Control Rod Drive <1 Leak PNO-IV-84 018 Fatigue-Vibrational Fatigue-vibration Ss

steam tube leaked,
Prairie Island 1 PWR 1117/1984 condensate <1 leak PNO-111-88-091 unknown unknown cause CS

IX.E. 1008 (NPE,
Browns Ferry 3 BWR 11/20/1984 Reactor Sensor Line <1 Leak BWR-2 Book-3) IGSCC SS
Turkey Point 3 PWR 1/15/1985 reactor coolant <1 leak 89-002 stress corrosion/lGSCC stress corrosion cracking SS

IXE. 1008 (NPE,
Browns Ferry 3 BWR 2/1311985 Reactor Sensor Line <1 Leak BWR-2 Book-3) IGSCC SS

Fort Calhoun PWR 3/6/1985 Charging <1 Leak NPE VIII.A.739 Unknown Ss
IX.E. 1008 (NPE,

Browns Ferry 3 BWR 3/12/1985 Reactor Sensor Une <1 Leak BWR-2 Book-3) IGSCC Ss

Oyster Creek BWR 121/1986 Condenser sensor <1 Leak Not Given Extemal damage CS
Davis Besse PWR 12/30/1986 Main steam <1 Leak PNO-lI-86-156 Fatigue-Vibrational Fatigue-vibration CS
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Fatigue-vibration, 4 pipe
FermI 2 BWR 1/2/1987, Instrument line <. Leak PNO-il1-87-001 Fatigue-Vibrational lines failed SS

Fatigue-vibration, 4 pipe
Fermi 2 BWR 1/5/1987 Instrument line c1 Leak PNO-111-87-001A Fatigue-Vibrational lines failed SS
Fermi 2 BWR 1/29/1987 Instrument line c1 Leak PNO-11-87-016 Fatigue-Vibrational Fatigue-vibration SS
Fermi 2 BWR 4/10/1987 Instrument line c1 Leak PNO-1-87-055 Fatigue-Vibrational Fatigue-vibration SS
ANO2' PWR 4124/1987 Pressurizer _ i Leak 87-003 PWSCC PWSCC SS

ANO2 PWR 7/611987 Reactor Coolant <1 Leak 87-006 - Construction Defect/Error Construction defect/error SS
Beaver Valley 2 PWR 7/26/1987 Main Steam <1 Leak Special Report Unknown Unknown Cause CS

Faulty procedures for -

connection of threaded
Chemicai and Volume .- fitting for water level

ANO2 PWR 5/4/1988 Control <1 Leak 88-008 Other transmitter Ss
Low water level, In injection

ANO2 PWR 5/25/1988 instrument Line c1 Leak 88-010 Other tank, error SS
Failed, 20 gpm,

Pump Seal Pressure . questionable failure -

ANO2 PWR 8/1/1988 Sensing Line <1 Leak 88-015 Fatigue mechanism Ss
Nine Mile Point 1 BWR 1/27/1989 RWCU <1 Leak Not Given Tygess tupc SS

;.- - . ... Stress Corroslon cracking,
, .- .. -- -23 or 120 penetrations

Calvert Cliffs 2 PWR 5/5/1989 Pressurizer <1 Leak 89-007, IN 90-10 Stress Coffoslon/lGSCC leaked Ss
Indian Point 2 PWR 5/31/1989 Reactor Coolant <1 Leak Fatigue-Vibrational Fatigue-Vibrational SS

. . _ .. _ _ . . : - Fatigue-vibratlon at_
pressure sensing line

ANO2 PWR 6/23/1989 Reactor Coolant <1 Leak PNO-IV-89-042 Fatigue-Vibrational sealant SS
cracked weld, fatigue-

Susquehanna 2 BWR 12/10/1989 component cooling <1 leak 93-009 fatigue-vibrational vibrational Cs
Cooling coil leaks, corrosion

ANOI PWR 2/28/1990 Sevice Water <1 Leak 90-001 Erosion/Corrosion pitting CS

. . _-.-.. ..- Previous leaks found: pump
discharge 1987 160 deg.

;. . -. . :Crack, pump suction nipple
1988, & pump suction

_ _ . -. _ .. _--pinhole 1989. Previous 135
degree crack In LPCI vent

Fermi 2 BWR 4/24/1990 RHR <1 Leak ACN: 9005160288 Fatigue-Vibrational found In 1990.- Ss
SG Instrument and

Palo Verde 3 PWR 5129/1990 sample nozzles c1 leak LER 94-004 weld defect defective welds CS
Investigation Rpt 2- Construction defect,

Catawba 2 BWR 9/14/1990 Containment heat removal <1 leak C90-0294 Construction defect/errors deficient flanges CS
Vermont Yankee BWR 10/12V1990 service water <1 leak 94.013 unknown unknown CS
Crystal River 3 PWR 11/28/1990 Service Water <1 Leak 90-018 Corrosion Galvanic corrosion CS
Sequoyah 2 PWR 2/22/1991 reactorcoolant . <1 leak PNO-11-95-011 unknown failed fitting . .- I S
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Beaver Valley 1 PWR 714/1991 Thermo couple cono seal <1 Leak 91-019 Not Given Cs

Ginna PWR 7/2/1992 Containment heat removal <1 Leak Special Report Erosion/Corrosion Erosion at fan cooling coils Cs
Corrosion at fan cooling

Ginna PWR 8/10/1992 Containment heat removal <1 Leak Special Report Erosion/Corrosion coils CS
Corrosion at fan cooling

Ginna PWR 8/13/1992 Containment heat removal <1 Leak Special Report Erosion/Corrosion coils CS
Misaligned flange,

Limerick 1 BWR 8/28/1995 Reactor Coolant Leak Construction Defect/Errors construction defect SS

NPE VI.F. 5 (BWR. Repeated leaks of concrete
Dresden 1 BWR 1/1/1962 condenser drc. Line >1 Leak 2. Book-8) Not Given pipe CS

NPE PWR-2-l1l-No.
Point Beach 2 PWR 6/30/1968 CRD housing >1 >1 leak 8 stress corrosion cracking leak 1 of 3 pinhole leaks SS

NPE PWR-2-l1l-No.
Point Beach 2 PWR 6/30/1968 CRD housing >1 >1 leak 8 stress corrosion cracking leak 2 of 3 pinhole leaks SS

NPE PWR-2-l1l-No.
Point Beach 2 PWR 6/30/1968 CRD housing >1 >1 leak 8 stress corrosion cracking leak 3 of 3 pinhole leaks SS

high pressure core
Vermont Yankee BWR 3/8/1969 injection >1 leak AO 73-07 unknown unknown cause SS

chemical and volume letter to NRC leaked weld, unknown
Prairie Island 2 PWR 12/13/1969 control >1 leak (2V24175) unknown cause SS

Three Mile Island 1 PWR 5/30/1970 containment heat removal >1 leak 74-002T erosion/corrosion erosion/corrosion CS
Humboldt Bay 3 BWR 10/20/1970 Condensate >1 Rupture Unknown Expansion joint rupture CS
Surry 1 PWR 11/6/1970 CCW HX >1 rupture AO-SI-74.13 not given tube rupture CS

unusual occurrence
Pilgrim BWR 12/6/1970 service water >1 leak 74-19 erosion/corrosion erosion/corrosion CS
Surry 1 PWR 12/18/1970 CCW HX >1 leak AO- not given tube leaks CS

ORNL-NSIC-
Prairie Island 2 PWR 2/23/1971 reactor coolant >1 leak 127:100426 unknown unknown cause SS
Prairie Island 1 PWR 5131/1971 seal line >1 leak NPE V.A. 62 fatigue-vibrational CS
Surry 1 PWR 7/10/1971 recirculation line >1 leak AO-75-11 erosion/corrosion cavitation SS
Prairie Island 1 PWR 7/31/1971 seal line >1 leak NPE V.A. 62 fatigue-vibrational _ CS
Surry 1 PWR 9/14/1971 service water >1 leak 75-017 unknown unknown cause CS
Peach Bottom 2 BWR 12/11/1971 condensate >leak tER i-2 unknown unknown CS
Peach Bottom 3 BWR 12/11/1971 condensate >1 leak LER 75-27 unknown unknown cause CS
Palisades PWR 12/28/1971 Condensate >1 Failed I_ Thermal Fatigue Thermal Fatigue CS
Surry 1 PWR 12/29/1971 SWS HX >1 leak LER-75-30 not given CS
Surry 2 PWR 12/31/1971 pressurizer >1 leak fiche 50281-603 not given SS
Surry 2 PWR 1/8/1972 S.G. blowdown >1 leak AO-S2-75-21 not given CS
Surry 1 PWR 1/12/1972 CCWS >1 leak fiche 50280-519 not given _ CS

defective weld, construction
Rancho Seco PWR 3/17/1972 makeup system >1 leak RO 76-03 construction defect/errors defect SS
Prairie Island 2 PWR 5/31/1972 seal line >1 leak NPE V.A. 62 fatigue-vibrational CS
Surry 2 PWR 11/4/1972 recirculation spray >1 leak fiche 50281-631 not given Ss
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San Onofrel 1 PWR 12/2211972 boric acid *- . >1 - leak lEC 76-06 .__- -.- . IGSCC .Ss

NPE PWR-2-XtI-
Trojan -- PWR -12/3111972 waste concentrate >. leak .No.60 . - stress corrosion cracking Ci SCC. - Cs
Pilgrim BWR -2/2/1973 service water >1. severed NUREG/CR-2781 water hammer water hammer Cs
Trojan.__ . -PWR 211/1973 reactor water cleanup.- >1. ' leak 177-012 _ stress /IGSCC stress corrosion Ss
Indian Point 1-.. PWR .3/10/1973 Steam line >. . 1- Rupture- _______ Unknown.Cs

.~.. ... .. ~ ... ~ .fatigue crackingifrom
Point beach I P/R 69/73 resrer'lak 7-05 fatigue-vibrational unsupported loading Ss

Dresden 1 BWR 9/2711973 Demineratizer >1 Leak Ltr DL 9/27113 ConstructIon Defect/Errors Construction defect Ss

Fort Caihoun __PWR 10/17/1973 Main steam >1 Rupture Ltr DIL 9/20f73 Unknown Joint failure, unknown cause Cs
Surry 2 -PWR. 1215/1 973 accumulator-.. >1 leak fiche 50281-820 not given S .ss

Palisades - PWR_ 1/1/1974 . AFW minimum flow line . >1 Crack/Leaki. Cavitations Repeated failures SS_
Indian Point 2 .. PWR 5/1/1974.- SIS .. 1 Leak. IGSCC ... Ss
Ginna . . .. .PWR.. 5/111/1974 Demineratizer . . >1.. -Leak AO 74-8 -. Unknown Ss_.. 5
Calvert Cliffs 1 -PWR .- 6/1/1974 Salt Water Cooling >1..... Leak,. NPE-VIII.B.65 - .Erosion . -Cs

Dresden 1 BWR 6/81974 Condensate >1 Leak Ltr DL 6/8174 Stress Corrosion/IGSCC Stress corrosion CS
Palisades ....--. PWR .. 7/1/1974. - Valve SWS .- >1 . Leak ... .Erosion/Corrosion - ~ ~ . .. Cs-
Calvert Cliffs 1 .. .PWR. .7/8/1974. Service Water-......-.- >1.. ' . Leak... Ltr DL 7/8174. .., Water Hammer-~ Cavitation - CS- .C
Salem 1 PWR 7/31/1974 fan coil cooler >1 leak NPE VI I.B.39 erosion/corrosion . Cs

Dresden 2 BWR 8/30)1'974 Condensate >1 Leak Ltr DL 8/30114 Construction Defect/Errors Construction defect/error CS
Salem I -...- . PWR.. 8/31/1 974 fan coil cooler.. >1 -. ... ek- NPE VII.B.39 eoincroin. .---. C.

High Pressure Core .Leaked gasket, unknown
Browns Ferry 2 .- . BWR.. 9/24/1 974 injection - . >1 . Leak. RO 74-16T -.. Unknown . cause Ss

High Pressure Core Leaked gasket, unknown
Browns Ferry2 .. -BWR 10111974 Injection . .>1 -.Leak RO 74-17T Unknown cause Ss

.. , . . ~NPE VII.F. 58 . .. .

Pilgrim 1 BWR 10/31/1974 fire hydrant >1 rupture (BWR.2. Book-2) not given vleblew off . Cs
High Pressure Core Leaked gasket, unknown

Browns Ferry 2 . BWR 11/4/1974 Injection >1 Leak IR074-24T Unknown .cause Ss
Palisades PWR 11/15/1974 Coolant recirculation >1 Leak ________Thermal Fatigue Thermal Fatigue Ss
Dresden 1 BWR 11/25/1974 Core Spray >1 Lte~a~k t UL 1 1/25/4 Errosi-on/Cor-ros ion F-rosion/corrosion SS

- ... .... ~~~~main steam 9tmospheric . . > ..- .-.

Vermont Yankee .- BWR 1/14/1975 piping bellows >1 rupture PNO-79-06 not given bellows failed Cs
Quad Cities 1 . BWR 4/15/1975 Iservice water >1 leak 179-017 unknown crack - Cs

. ..-....... .Leaked nozzle,
Dresden I 'BWR 5/26/1975 Turbine >1 Leak IAD 75-8 Erosion/Corrosion erosion/corrosion Cs

Pump seal HX thread
Indian Point 2 PWR 6/20/1975 fittling ->1 eak Not Given S i pss
Cook I 1 PWR 6/30/1975 Residual heat removal . .>1 leak AD 75-23 fatigue-vibrational fatigue-vibration SS

Leaked discharge pipe from
water treatment room,

Oconee i BWR 7/26/1975 Service water-> Leak . - Erosion/Corrosion . corrosion - Cs
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ORNL-NSIC-

Calvert Cliffs 1 PWR 9/12/1975 Service Water >1 Failed 127:105020 Water Hammer Cavitation CS
Construction

Oconee 2 BWR 10/17/1975 Component cooling >1 Leak Defects/Errors Construction defect CS
leaked weld, unknown

Salem 1 PWR 1/16/1976 spent fuel pool >1 leak 80-009 unknown cause CS
Pilgrim BWR 1/28/1976 core spray sparger >1 leak PNO-1-80-018 IGSCC leak 1 out of 5 leaks Ss
Pilgrim BWR 1/28/1976 core spray sparger >1 leak PNO-1-80-018 IGSCC leak 2 out of 5 leaks SS
Pilgrim BWR 1/28/1976 core spray sparger >1 leak PNO-1-80-018 IGSCC leak 3 out of 5 leaks SS
Pilgrim BWR 1/28/1976 core spray sparger >1 leak PNO-1-80-018 IGSCC leak 4 out of 5 leaks SS
Pilgrim BWR 1/28/1976 core spray sparger >1 leak PNO-1-80-018 IGSCC leak 5 out of 5 leaks SS

chemical and volume
Robinson 2 PWR 2/20/1976 control >1 leak 80-003 other personnel error SS

Waster sample to XlI. 37 (NPE, BWR-
Fitzpatrick BWR 4/1/1976 condensate storage >1 Leak 2. Book-3) Unknown l CS
Millstone 2 PWR 4/9/1976 Radwaste >1 Leak Stress Corrosion/IGSCC Chloride stress corrosion Ss
Calvert Cliffs 1 PWR 5/1/1976 SWS >1 Leak NPE VIII.B.85 Corrosion Several Leaks CS

NPE PWR-2-XII-No.
Haddam Neck PWR 5/13/1976 SWS >1 Leak 46 Erosion/Corrosion CS

NPE PWR-2-XII-No.
Haddam Neck PWR 5/22/1976 SWS >1 Leak 46 Erosion/Corrosion CS

NPE VIII.A.28 Leak 1 of 2 leaks, lack of
Dresden 3 BWR 6/1/1976 Cleanup HX >1 Leak (BWR-2.Book-2) Not Given fusion Ss

NPE VIIIA.28 Leak 2 of 2 leaks, lack of
Dresden 3 BWR 6/1/1976 Cleanup HX >1 Leak (BWR-2,Book-2) Not Given fusion SS
Calvert Cliffs 1 PWR 6/11/1976 Service Water >1 Leak 76-023 Corrosion Corrosion by salt water CS

NPE PWR-2-XII-No.
Haddam Neck PWR 6/12/1976 SWS >1 Leak 46 Erosion/Corrosion CS
Yankee Rowe PWR 6/30/1976 borated line >1 leak NPE VII.A.441 weld defect . Ss
Oconee 1 BWR 7/7/1976 Component cooling >1 Leak Unknown Unknown cause CS
Calvert Cliffs 1 PWR 7/21/1976 Service Water >1 Crack/Leak 76-003T Erosion/Corrosion Erosion CS
Calvert Cliffs 1 PWR 7/27/1976 Boric Acid >1 Leak RO 76-32 Corrosion Acid Corrosion SS
Humboldt Bay BWR 7/30/1976 FW sparger >1 Leak _ IGSCC CS

leaked diesel generator
jacket water heater, heater
equipment failed, replaced

Salem 2 PWR 7/30/1976 component cooling >1 leak 80-022 unknown with different type heater CS
Calvert Cliffs 1 PWR 8/20/1976 Service Water >1 Leak 76-033 Erosion/Corrosion Erosion CS
Sequoyah 1 PWR 8/28/1976 control rod drive >1 leak 80-141 unknown unknown cause Ss
Salem 1 PWR 8129/1976 service water >1 leak 80-049 corrosion corrosion CS
Oconee 2 BWR 9/9/1976 Component cooling >1 Leak Unknown cause CS

NPE PWR-2-VI-E-
Turkey Point 3 PWR 10/31/1976 feedwater bypass >1 failed No. 334 not given CS
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Leak at base of waste
concentrate tank, Stress

Millstone 2 PWR 111811976 Accumulators >1 Leak Stress Corroslon/IGSCC corrosion cracking Sss
Robinson 2 PWR 1117171976 servicewater >1 rupture 14 NPRDS unknown, unknown cause Cs
St. Lucie 1 PWR 11/30/1976 Icomponent cooling >1 leak 180-066 corrosion corrosion Cs IC
ANOI PWR 12/111976 ISpent Fuel Cooling >1 Leak 76-034 IGSCC ___________ Cs
Trojan PWR 12/11/1976 Ifire protection >1 leak RO unknown expansion joint slippage Cs
Hatch 1 BWR 1/1/1977 Recirculation >1 Leak Not Given Indications of leak Ss
Ginna PWR 111211977 Demineralizer >1 Leak AO Unknown Unknown cause Ss
AN01 PWR 1/28/1977 Reactor Coolant >1 Leak RO 77-5 Unknown ... Unknown Cause Ss
Salem 1 PWR 2/3/1977 tire protection >1 leak* .- 81-012 unknown... .,- - Cs
Hatch 1 BWR 2/27/1977 Condensate >1 Rupture ________Unknown Expansion joint failed Cs

Hatch 1 BWR 3/1/1 977 Condensate >1 Rupture Unknown 2nd expansion joint failure Cs
Fort Calhoun PWR 315/1977 Service Water >1 Rupture Not Given Unknown unknown Cs
Sury 2 PWR 4/17/1977 service water. >1 leak RO-: not given tubes Cs

Leaked hose, personnel
BgRcPoitBWR 55/177' Risiddai Hea~tR~iroval- >1 Lwa RO077-16 Construction Defedt/Efir' error.'_ - S---

Reactor equipment NI."IC14 'I .::I

Cooper BWR 8/1/1977 cooling >1 Leak (BWR-2,Book-2) Not Given Poor wetd-,,, Cs
Dresden 1 BWR 8/111977 Service Water >1 Leak; 77-027 Stress Corrosion/IGSCC Stress corrosion Cs

~ 'i*~- -2I cap screw to pump tailed, C.
Surry 2., PWR 8/19/1977 ~ 1 failed.81:055 u hkhono ri uhiknii c ~use Cs
Salem 1 PWR 8/30/1977 service water >1 leak 81-083 corrosion/fatigue corrosion of reducing tee Cs
Surry 1 PWR 9/22/1977 steam line heater >1 leak LER-81-54 not given Cs
Salem 1 PWR 9/25/1977 t ire Pump >1 leak NPE VII.E. 10 vibration Cs
Quad Cities 2 BWR 9/28/1977 RHR-SWS >1 leak 81-019 fatigue-vibrational Ss
Sunry 1 PWR 11/19/1977 steam line heater >1 leak LER-81-74 not given ,Cs

Surry 2 PWR 11119/1977 steam line heater >1 leak LER-81-74 not given Cs
AN01 . PWR 11/25/1977 Spent Fuel Pool >1 Leak 77-024;: Unknown Unknown Cause Cs
Fort Calhoun PWR 2/14/1 978 Charging line >1 Leak 78-005 Fatigue .- Ss

I . . .leaked diesel generator
amPWR -2/22)1978 component coolin - > ek 8-1 ck~ ~ ~ jce atier etr

Sale IIn-' ek 2026k6W unkri~n cae ..
Cafvert Cliffs 2 PWR 4/30/1978 Reactor Coolant >1 leak 78-11 Fatigue-vibrational fatigue-vibration Ss

- ;. ~. ~underground pipe failure,
Yankee Rowe PWR 5/3/1 978 fire protection >1 teak 82-008 construction defectlerrors construction defect Cs
Salem 2 PWR 5/18/1978 containment fan cooler >1 leak LER 82-040 erosion Cs
Salem 2 PWR 5/25/11978 containment heat removal >i leak 82-039 fatigue-vibrational failure, fatigue-vibration CS
Palisades PWR 5/2611978 Fire protection >1 Rutur Unknown Unknown cause -CS

Haddam Neck I PWR 5/31/1978 Reactor Coolant >1 Leak - -Construction Defect/Errors Construction Defect Ss
Haddam Neck PWR 6/1/11978 Moisture Separator >1 Lak NPE VI.D.210 Unknown . Ss

chiemical and vofume - 4 erosfon/corroslon of gear off
Salem 1 PWR 6/25/1978 control >1 leak 82-041 lerosion/corrosion lcooler Ss
ISurry 1 PWR 17/5/1 978 Ilube oil cooler .- >1 .l- -eak ILER-82-69 Inot given Ss__________
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Cracked seal, unknown
Calvert Cliffs 2 PWR 7/14/1978 Reactor Coolant >1 leak 78-021 unknown cause Ss
Sequoyah 1 PWR 7/30/1978 steam >1 leak RO 82-003 unknown unknown cause CS
Prairie Island 1 PWR 7/31/1978 pressurizer >1 leak NPE VII.A.686 unknown SS
Haddam Neck PWR 8/1/1978 Moisture Separator >1 Leak NPE VI.D.210 Unknown Ss

erosion of containment
Salem 2 PWR 8/12)1978 containment heat removal >1 leak 82-073 erosion/corrosion sump CS
Salem 2 PWR 8/1311978 service water >1 leak 82-075 unknown unknown cause CS

ANO2 PWR 8/18/1978 LPSI >1 Leak CAN: 7811070 010 Unknown SS

Dresden 3 BWR 9/8/1978 Steam >1 Leak 78-035 Unknown Cracked weld on vent line CS
erosion/corrosion of gear oil

Salem 2 PWR 9/14/1978 service water >1 leak 82-086 erosion/corrosion cooler CS
Kewaunee PWR 9/18/1978 Reactor Coolant >1 Leak Fatigue-Vibrational Fatigue-Vibration SS
Salem 2 PWR 9/30/1978 charging >1 leak NPE VIII.B.512 erosion SS
Cook 1 PWR 10/27/1978 fire protection >1 failed Rpt. FB-01 unknown unknown cause CS

Construction defect, slag
Dresden 3 BWR 11/15/1978 Feedwater >1 Leak 78-055 Construction Defect/Errors inclusion CS

extensive bifouling and
corrosion of weld.

Salem 1 PWR 11/29/1978 service water >1 leak 82-091 erosion/corrosion erosion/corrosion CS
North Anna 1 PWR 12)1/1978 Steam drain >1 Leak I _Erosion/Corrosion CS
Calvert Cliffs 1 PWR 12/211978 Aux. Feedwater >1 Leak AO 74-13 Erosion/Corrosion Erosion CS
Palisades PWR 1/1/1979 Fire prevention >1 Rupture Frozen CS

Cracked weld,
Calvert Cliffs 2 PWR 1/6/1979 Reactor Coolant >1 leak 79-001 corrosion/fatigue fatigue/corrosion SS
Salem 2 PWR 1/6/1979 main steam >1 leak AEOD/E4 16 erosion/corrosion erosion/corrosion CS

NPE VII.D.338
Quad Cities 2 BWR 1/15/1979 RHR HX bellows >1 leak (BWR-2. Book-2) unknown SS
Palisades PWR 1/17/1979 Fire protection >1 Leak Frozen CS

cracked weld, fatigue-
Calvert Cliffs 2 PWR 1/20/1979 flow sensor >1 leak 79-003 Fatigue-Vibrational vibrational SS

IN 84-18, PNO-lll- stress corrosion cracking,
Prairie Island 1 PWR 1/28/1979 boric acid >1 leak 83-007 stress corrosion/IGSCC 1/6 leaks, 7 cracks SS

IN 84-18, PNO-111- stress corrosion
Prairie Island 1 PWR 1/28/1979 boric acid >1 leak 83-007 stress corrosion/iGSCC cracking,2/6 leaks, 7 cracks SS

IN 84-18, PNO-111- stress corrosion cracking,
Prairie Island 1 PWR 1/28/1979 boric acid >1 leak 83-007 stress corrosion/IGSCC 316 leaks, 7 cracks Ss

IN 84-18. PNO-111- stress corrosion cracking,
Prairie Island 1 PWR 1/28/1979 boric acid >1 leak 83-007 stress corrosion/IGSCC 4/6 leaks, 7 cracks Ss
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IN 84-18. PNO-l1l- stress corrosion cracking.
Prairie Island 1 PWR 1/28/1979 boric acid >1 leak 83-007 stress corroslonllGSCC 5/6 leaks, 7 cracks Ss

IN 84-18. PNO-111- stress corrosion cracking,
Prairie Island I PWR 1/28/1979 bonic acid' >1 leak 83-007 stress corrosion/IGSCC 6/6 leaks, 7 cracks Ss

Chemical and Volume -~. i~I lI. j!'' ,-
Calvert Cliffs 1 PWR 2r28/1979 Control >1 Leak 79-007 Unknown Weld Failure- Ss
Oconee 3 BWR 3/6/1979 Reactor coolant >1 Leak ________Unknown Unknown cause Ss

- .. . - . - -Underground tunnel leaked,
Oyster Creek BWR 4/17/1979 Service water >1 Leak .Unkon cause unknown Cs

I ~Bad weld, construction -

Big Rock Point PWR 4/20/1979 Control Rod Drive >1 Leak 79-018 Construction Defect/Error defect .. -Ss

Chemical and volume
Oyster Creek BWR 4/28/1979 control >1 Rpreother - Froze, fractures Ss

- - --. - ~XlI, ,65 (NPE BWR-
Dresden I BWR 5/1/1979 Radwaste line >1 Leak 2, Book-3) C orrosion - . Tar coaring lost- Sss
Dresden 3 BWR 5/3/1979 Reactor Water Cleanup >1 Leak 79-008 -Erosion/Corrosion Erosion, cavitation Ss

AN2PWR 51141197g Containment heat removal >1 Leak 79-033 Erosion/Corrosion Erosion/Corrosion- Cs

Under~round aluminum pipeDrse W /81979Reactor Water Cleanup >1 Lek 79-001 Unknown leak, unknown cause S
: *:. .. , .:' - XII. 67 (NPE. BWR- .:

Dresden 2 BWR 6/1/1 979 Demineralizer hose >1 Rupture 2, Book-3) Not Given Uine Flooded radwaste area Ss
Oyster Creek BWR 6/27/1979 Service water >1 Leak ________Corrosion Corrosion Cs
Beaver Valley 1 PWR 7/1/1979 Fire Main - >1 Rupture INPE VII.E.71 Not Given .- External Load Cs
Oyster Creek BWR 8/1 /1 979 Control rod drive >1 Leak Not Given Ss

High Pressure Core
Caivert Cliffs 1 PWR 8/27/1979 Injection >1 Leak 79-046 Construction Defect/Error Construction Defect/Error Ss
Surry 1 PWR 10/14/1979 exp. Joint heater drain >1 rpu NPE VI.D.320 not given degraded joint expansion Cs
Brunswick 1 BWR 11/10/1979 Service Water >1 Leak 79-096 Unknown Unknown Cause Cs
Salem 1 PWR 12/19/1979 component cooling >1 leak 183-067 corrosion/fatigue *..Cs

Crystal River 3 PWR 12/24/1979 Service Water >1 Leak 79-111 Thermal Fatigue. . Thermal fatigue Cs
AN01 PWR 1/21/1980 Borated Line >1 Crack 80-003 IGSCC Occurrence 1 of 3 Ss
AN01- PWR 1/21/1980 Borated Line >1 Crack 80-003 IGSCC Occurrence 2 of 3 Ss
AN01 PWR 1/21/1980 Borated Uine >1 Crack 80-003 IGSCC Occurrence 3 of 3 Ss
LaSalle 1 BWR 1/25/1980 Blown down line ->1 Rupture ________Water hammer Cs
Oyster Creek BWR 2/13/1980 Condensate >1 Leak Corrosion Severely pitted Al pipes. Cs
Calvert Cliffs 2 PWR 2/1 9/1 980 Reactor Coolant >1 leak 80-012 Fatigue-Vibrational Ss

-. . chemical and volume-
Calvert Criffs 2 PWR 3/11/1980 control >1 leak 80-018 - Fatigue-Vlibrational ss
Beaver Valley I PWR 3/26/1980 Fire Prevention >1 Rupture 80-018 Not Given Over Pressure Cs

-ooerBWR 13/29/1 980 Emergency core cooling- >1 Leak -. 80-009 - Stress CorrosionIIGSCC IGSCC;- -, - SS
Calvert Cliffs 2 PWR 4/12/1980 IService Water .>1 leak 180-022 .-- Fatigue-Vibrational. - C
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Hatch 2 BWR 4/13/1980 RHR >1 Leak | Not Given Bellows leak Ss
Surry2 PWR | 4/17/1980 | eedwaterheater >1 | leak LER-84-10 notgiven ubetailures Cs

NPE VII.F.238
Peach Bottom 2 and 3 BWR 6/2811980 fire header >1 rupture (BWR-2, Book 2) not given mechanical load Cs

Expansion joint failure,
Beaver Valley 1 PWR 7/8/1980 Sevice Water >1 Leak 80-048 Unknown unknown cause CS

Indian Point 3 PWR 7/16/1980 Containment heat removal >1 Leak Fatigue-Vibrational Fatigue-Vibrational Cs
Oyster Creek BWR 9/5/1980 Core spray >1 Leak other Personnel errors Ss
Beaver Valley 1 PWR 9/25/1980 Fire Protection >1 Rupture RO Other Operator Error CS

Hatch 2 BWR 9/28/1980 Water box >1 Leak Stress Corrosion Cracking SCC SS
Monticello BWR 9/30/1980 Main steam >1 Leak Erosion/Corrosion Erosion/Corrosion CS

Questionable failure
Indian Point 2 PWR 10/17/1980 Fan Cooler >1 Leak Erosion/Corrosion mechanism CS

Event dates: 10/1-
Indian Point 2 PWR 10/17/1980 SWS >1 Leak Corrosion 3,14,17/80 CS
Oyster Creek BWR 12/4/1980 Demineralize >1 Failed Not Given Frozen SS
Fort Calhoun PWR 12/7/1980 Service Water >1 Leak 80-031 Fatigue-Vibrational Fatigue-vibrational CS

Cracked weld in heat
Beaver Valley 1 PWR 12/17/1980 Main Steam >1 Leak 80-116 Unknown exchanges, unknown cause CS

Diesel generator oil cooler
Millstone 2 PWR 1/27/1981 Component cooling >1 Leak Erosion/Corrosion leaked water, corrosion CS
Oyster Creek BWR 2/10/1981 Chemical waste >1 Leak Unknown SS
Brunswick 2 PWR 2/24/1981 Core Aux Cooling > Rupture 81-42 Unknown SS
Duane Arnold BWR 4/13/1981 Recirc >1 Leak PNO-111-81-046 Not Given SS
Kewaunee PWR 4/22/1981 RHR > Leak Not Given External damage SS
Farley 1 and 2 PWR 5/1/1981 Fire Main >1 Rupture NPE VII.E. 106 Unknown CS
Millstone 2 PWR 6/13/1981 Service water >1 Leak Corrosion Corrosion CS

Leaked drain, faulty nipple
installation, construction

Calvert Cliffs 1 PWR 6/20/1981 Component Cooling >1 Leak 81-048 Construction Defect/Error defect CS
ANO1 PWR 7/14/1981 Main Steam >1 Leak 82-027 Erosion/Corrosion Erosion/Corrosion CS
Ginna PWR 7/14/1981 Boric Acid >1 Leak 81-013 Stress Corrosion/IGSCC Stress corrosion Ss

Large vacuum leak at main
Davis Besse PWR 7/30/1981 Condensate >1 Leak PNO-111-81-065 Unknown condenser, unknown cause CS
Kewaunee PWR 8/20/1981 Boric Acid > 1 Leak Corrosion SS
McGuire 1 PWR 8/25/1981 Charging line >1 Leak Fatigue-Vibrational SS

1 leak, 4 other non-leaks,
erosion/corrosion, butterfly valve, no pipe size

Wolf Creek PWR 9/7/1981 emergency service water >1 leak LER 88-023 cavitation given Ss
Three Mile Island 1 PWR 10/15/1981 turbine drain >1 leak PNO-1-85-079 erosion/corrosion CS
Point Beach 2 PWR 12/26/1981 CCW >1 leak NPE VII.B 692 fatigue-vibrational ICs
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water hammer, line failure,
Cook 1 PWR 1128/1982 Service water >1 leak 82-009 water hammer cavitation-, CS

Eroslon/Corrosion;,
cavitation from throttling of

Cook 2 PWR 1/28/1982 service water >1 leak 82-011 Erosion/Corrosion butterfly valve CS
Haddam Neck PWR 211/1982: Fan cooler >1 Leak NPE VII.C.101 Erosion/Corrosion . CS

Brittle gasket caused leak.
LaCrosse BWR 3129/1982 Emergency core cooling >1 Leak Construction DefecttErrors gasket replaced Ss
Dresden 2 BWR 5/11/1982 Main steam >1 Leak PNO-111-82-045 Unknown Unknow cause CS

Poor weld, Construction
Calvert Cliffs I PWR 5/17/1982 Boric Addc >1 Leak 82-025 Construction Defect/Error defect Ss
Hatch 1 BWR 6/15/1982 Condenser >1 Leak Not Given Tube leaks CS
Surry 2 PWR 6/15/1982 service water >1 leak 86-006 erosion/corrosion erosion/corrosion CS
Yankee Rowe PWR 6/18/1982 steam >1 leak 86-006 unknown unknown cause CS

Overpressure damaged I
Fermi 2 BWR 6/19/1982 Core spray >1 Leak Not Given Not given expansion Joint- Ss

NPE VL.E.160
Dresden 2 BWR 7/24/1982 Feedwater to drain >1 Leak (BWR-2. Book-8) Fatigue CS
Hatch 2 BWR 8/13/1982 Service Water >1 Leak Not Given Cracks, breaks CS
Dresden 3 BWR 9/1/1982 Reactor Water Cleanup >1 Leak 82-021 Stress Corrosion/1GSCC Cracked weld SS

. chemical and volume -. .. -*I
Surry 1 PWR 9/28/1982 control >1 leak 86-029 unknown unknown cause SS

Cracked weld of heater
Brunswick 2 BWR 10/10/1982 Condensate >1 Leak PNO-11-82-109 Stress Corrosion/lGSCC drain pipe. IGSCC CS
Susquehanna 2 BWR 10/12/1982 residual heat removal >1 leak- 86-015 water hammer water hammer Ss
Ginna PWR 10/16/1982 Component cooling >1 Leak 82-023 Other Error, broken pipe nipple CS

Cracked weld, unknown
Brunswick 2 BWR 10/29/1982 Residual Heat Removal >1 Leak 82-130 Unknown cause SS
Haddam Neck PWR 11/13/1982 Fan cooler >1 Leak NPE VII.C.101 Erosion/Corrosion CS
Hatch 2 BWR 12/3/1982 SWS Valve >1 Leak Erosion/Corrosion CS
Brunswick 2 BWR 12/6/1982 Core Aux Cooling >1 Rupture 82-127 Unknown SS
Dresden 2 BWR 12/17/1982 Feedwater - >1 Leak 82-055 Fatigue-Vibrational Fatigue-vibration CS
Millstone 2 PWR 12/31/1982 Service water >1 Leak Unknown Unknown cause CS
Haddam Neck PWR 1/15/1983 Fan cooler >1 Leak NPE VII.C.101 Erosion/Corrosion CS
ANO1 PWR 1/20/1983 Spent Fuel Pool >1 Leak 83-002 Fatigue-Vibrational Fatigue-vibration CS
Oyster Creek BWR 1/23/1983 Radwaste line >1 Leak Unknown SS

. .-- - . Erosion/corrosion at the
Dresden 3 BWR 3/7/1983 Feedwater >1 Leak 83-008 Erosion/Corrosion heater shell CS
Hatch 1 & 2 BWR 3/21/1983 Fire header >1 Rupture Not Given Overload CS
Hatch 2 BWR 3/21/1983 Fire header >1 Rupture Not Given- Overload CS
Shearon Harris PWR 4/21/1983 main steam >1 leak 87-029 water hammer water hammer CS
Summer PWR 5/25/1983 seal line >1 leak NPE VA 156 fatigue-vibrational CS
Davis Besse PWR 6/1/1983 Main steam >1 Leak No LER Erosion/Corrosion Erosion/corrosion CS
North Anna 1 PWR 7/9/1983 Service water, >1 Leak Erosion/Corrosion Erosion/corrosion CS

LaCrosse ^ BWR 7/16/1983 Containment spray >1- Leak _ Unknown 2 Cracks, unknown cause Ss
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Calvert Cliffs 1 PWR 11/23/1983 Seal line >1 Leak NPE V.A. 120 Fatigue-Vibrational CS

Chemical and Volume Thermal fatigue, pipe size =
ANOI PWR 11/30/1983 Control >1 Leak 83-028 Thermal Fatigue or >1 Ss

Fittinf failure, construction
Farley 1 PWR 12/111983 Feedwater >1 Breakage 83-081 Construction Defect/Errors defects/errors Cs

System down due to inabilit
to meet technical

Crystal River 3 PWR 1/14/1984 Fire Protection >1 Leak RO 84-01 Other specification CS

Browns Ferry 1 BWR 3/20/1984 Containment heat removal >1 Leak 84-018 Unknown Unknown CS
Chemical and volume Thermal fatigue degrading

Maine Yankee 1 PWR 3130/1984 control >1 Leak Thermal Fatigue rubber hose Ss
Turkey Point 3 PWR 4/26/1984 service water >1 leak 88-007 erosion/corrosion erosion/corrosion CS
Hatch 1 BWR 8/10/1984 Fire Protection >1 Leak Unknown CS

LaSalle 2 BWR 9/6/1984 High pressure core spray >1 Leak Not Given Bellows seal failed Ss
Grand Gulf BWR 9/21/1984 Steam >1 Leak HNO 11-84461A Unknown CS
LaSalle 1 BWR 10/2/1984 HCPS >1 Leak Overpressure Bellows seal failed SS
Indian Point 2 PWR 10/4/1984 CFCU >1 Leak Erosion/Corrosion Cs
North Anna 1 & 2 PWR 11/27/1984 Fire main >1 Rupture Fracture Brttle Fracture CS

LaSalle 1 BWR 12/1/1984 Buried RCIC >1 Leak Construction Defect/Errors Welding problems Ss

Calvert Cliffs 1 PWR 12/10/1984 Service Water >1 Leak PNO-1-84-104 Erorsion/Corrosion Erosion/Corrosion, 2 leaks CS
procedural inadequacy.

River Bend BWR 4/18/1985 service water >1 leak 89-020 other error CS
Containment spray HX Leak 1 of 2 leaks, thermal

Nine Mile Point 1 BWR 5/7/1985 waterbox >1 Leak Unknown fatigue? SS
Containment spray HX Leak 2 of 2 leaks, thermal

Nine Mile Point 1 BWR 517/1985 waterbox >1 Leak Unknown fatigue? SS
Duane Arnold BWR 5129/1985 Fire suppression >1 Rupture LER 85-015 Not Given Pile driver penetrated CS
Fermi 2 BWR 9/17/1985 Steam bypass >1 Crack/Leak PNO-111-85-083 Unknown CS
Cook 1 PWR 12/27/1985 Fire suppression >1 leak LTR 1/9/86 not given No Cause CS
South Texas 2 PWR 5/7/1986 coolant recirculation >1 leak 90-008 fatigue-vibrational fatigue-vibrational Ss

erosion/corrosion, 15 gpm
Salem 1 PWR 7/1/1986 component cooling >1 leak 90-026-04 erosion/corrosion leaks CS

erosion/corrosion, service
Salem 1 PWR 7/27/1986 service water >1 leak 90-026-04 erosion/corrosion water casing leaking CS

condenser boot exceeded
life expectancy by 2-4 years.

Zion 2 PWR 9/6/1986 condensate >1 failed 90-010 thermal fatigue Thermal fatigue CS
Brunswick 1 BWR 9/17/1986 Condensate >1 Leak 86-026 Corrosion Corrosion CS
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erosion/corrosion, leak at
Salem I PWR 10122/1986 service water >1 leak 90-026-04 erosion/corrosion header drain valve CS
Salem 1 PWR 11/18/1986 service water >1 leak 90-026-05 erosion/corrosion erosion/corrosion _ CS
Cook 1 PWR 3/17/1987 Fire Line >1 leak not given Cement asbestos pipe CS

Construction
Oconee 3 BWR 3/31/1987 Instrumentation >1 Leak Defects/Errors Construction Defects/Errors SS

Beaver Valley 2 BWR 6/10/1987 D.G. Water Header >1 Leak ACN: 8706180 174 Erosion/Corrosion CS
Nine Mile Point 1 BWR 8/2511987 SWS >1 Leak Erosion/Corrosion CS
Palo Verde 1 PWR 8/27/1987 Pressurizer >1 Leak other Procedure errors SS
Hatch 2 BWR 10/19/1987 PHI. >1 Leak Not Given -. SS
Palisades PWR 11/6/1987 Fire protection >1 Rupture . Unknown Unknown cause CS
Salem 1 PWR 11/20/1987 oil/water separator >1 leak CAN:9201060175 not given external damage Ss

Sequoyah 2 PWR 1/30/1988 component cooling >1 leak specdal report 92-2? fatigue-vibrational fatigue-vibrational CS
thermal and vibrational

Susquehanna 2 BWR 1/30/1988 component cooling >1 leak special report 92-1 thermal fatigue fatigue CS
Diablo Canyon 1 PWR 2/25/1988 CRD seal >1 Leak 88-4 IGSCC SS
Vogtie 1 - PWR 5/13/1988 component cooling >1 leak 92-004 corrosion/fatigue fatigue/corrosion CS
Hope Creek BWR 11/4/1988 Recirculation >1 Leak : Fatigue-Vibrational - SS
Hope Creek BWR 11/8/1988 Recirculation >1 Leak Fatigue-Vibrational SS

- -* . --. .- ; -Transgranular stress
Duane Arnold BWR 11/0/1988 Control Rod Drive' >1 Leak 88-019 Stress Corroslon/lGSCC corrosion - ; :. SS

WPPSS 2 .8//1989 rontalirin t heat'remo val - _ek 93-029 construction defect/errors construction defect/errors- CS

leak occurred during
refueling and while tack
weld wai performed. Leak
caused by H gas In
pressurizer Ignited by

Surry I PWR 2c211990 roolant recirculatlon - . >1 leak 94-001 other welding' Ss
Browns Ferry I BWR 4/26/1990 Fire Protection >1 Failed 90-007 Other Errors CS
Calvert Cliffs 1 PWR 5/5/1990 Service Water >1 Leak 90-017 Corrosion Localized Corrosion CS

. . : defective weld, construction
Palo Verde 3 PWR 5/29/1 990 pressurizer >1 leak 94-004 . construction defectterror defectlerror SS

. .. IR-50-277-94-13, IR -.
Peach Bottom 3 BWR 7/7/1990 HPCI drain >1 leak 50-278-94-13 not given Ss

Fatigue-Vibrational,
Limerick 2 BWR 7/15/1990 Condensate >1 Failed Fatigue-Vibrational insuffident support Cs

defective weld, construction
Vogtle 1 PWR 7/22/1990 pressurizer >1 leak 94-005 construction defect/errors defectlerror' SS

IR-50-277-94-13, IR
Peach Bottom 3 BWR 8/5/1990 steam combiner >1 leak 50-278-94-13 not given . CS

Hope Creek BWR 9/26/1990 Feedwater >1 Leak Construction Defect/Errors Construction Defect/Errors CS
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Construction defects at pipe
Fort Calhoun PWR 11/19/1990 Instrument air >1 Leak 90-026 Construction Defect/Errors header Ss

Construction
Palisades PWR 5/7/1991 Containment heat removal >1 Leak Defects/Errors Construction Defects/Errors CS

Heat exchanger failed to
Oyster Creek BWR 7/17/1991 Component cooling >1 Leak Unknown contain normal pressure CS

Three Mile Island 1 PWR 9/8/1991 reactor coolant >1 leak 95-003 unknown cracked weld, pipe replaced SS
Construction

McGuire 1 PWR 9/16/1992 Service Water >1 Leak Defects/Errors Design deficiency CS
Pilgrim BWR 9/16/1992 dosed cooling water >1 leak PNO-1-96-066 corrosion CS
Oyster Creek BWR 12/9/1992 Service water >1 Failed Erosion/Corrosion Erosion/corrosion CS
Catawba 1 PWR 1/31/1993 RHR >1 rupture IR-50-413-93-22 water hammer Ss

Unidentified leak location,
McGuire 2 PWR 9/27/1993 Containment heat removal >1 Leak Unknown unknown cause CS

2 ft. Section of pipe
Beaver Valley 1 PWR 5/4/1994 Pressurizer >1 Leak 94-004 Unknown replaced, unknown cause SS

Unknown pipe leak.
Dresden 1 BWR 5/8/1994 Reactor Water Cleanup >1 Leak PNO-111-94-036 Unknown unknown cause SS
Indian Point 3 PWR 6/13/1994 Chlorination >1 Leak Unknown SS

Leaked in ground cathodic
High pressure core protection system,

Dresden 2 BWR 10/3/1994 injection >1 Leak Special Report Erosion/Corrosion Corrosion SS
Noncompliance

Catawba 1 PWR 2/9/1995 fire protection >1 rupture Notification unknown unknown CS
McGuire 2 PWR 3/29/1995 CVCS >1 Leak Unknown SS

Defective metal coating,
Indian Point 2 PWR 5/18/1995 Service water >1 Leak Erosion/Corrosion erosion/corrosion CS
Dresden 2 BWR 4/18/1996 Steam drain >1 Leak 96-002 Erosion/Corrosion CS
Palo Verde I PWR 10/29/1996 Recirc. Drain >1 Leak Not Given Lack of Fusion in weld SS

IR 50-315-87-23, IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 1 out of 14 leaks CS

IR 50-315-87-23. IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 2 out of 14 leaks CS

IR 50-315-87-23, IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 3 out of 14 leaks CS

IR 50-315-87-23. IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 4 out of 14 leaks CS

IR 50-315-87-23. IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 5 out of 14 leaks CS

IR 50-315-87-23, IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 6 out of 14 leaks CS

IR 50-315-87-23, IR
Cook 2 BWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 7 out of 14 leaks CS
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IR 50-315-87-23, IR
Cook 2 PWR 8nO0/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 8 out of 14 leaks CS

IR 50-315-87-23, IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 9 out of 14 leaks CS

IR 50-315-87-23, IR
Cook 2 PWR 8120/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 10 out of 14 leaks CS

IR 50-315-87-23, jR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 10 out of 14 leaks CS

IR 50-315-87-23. IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 12 out of 14 leaks CS

iR 50-315-87-23, IR
Cook 2 PWR 8120/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 13 out of 14 leaks CS

IR 50-315-87-23, IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 14 out of 14 leaks CS

IR 50-315-87-23, IR
Cook 2 PWR 8120/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 1 out of 4 leaks CS

IR 50-315-87-23, IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 2 out of 4 leaks CS

JR 50-315-87-23. IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 3 out of 4 leaks CS

JR 50-315-87-23. IR
Cook 2 PWR 8/20/1987 CCW >2 leak 50-316-87-23 IGSCC Leak 3 out of 4 leaks CS
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Stress Corrosion
AN01 PWR 6/1511979 Spent Fuel Pool 3x2 Leak NUREG-0691 Cracking, IGSCC - Stress CorroslofiCracking CS

ANO1 PWR 1/2011977 Demineralizer 3x2 Leak RO 77-02 Unknown Leaked 3x2 in. reducer eld SS

ANO1 PWR 8/311976 Reactor Water Cleanup Leak RO 76-15 Construction Defect/Error Construction defect Ss
ANO2 PWR 11/4/1986 Body-to-bonnet valve seal ring Leak PNO-IV-86-033 Unknown 2-3 gpm
ANO2 PWR 5/1811983 Reactor Coolant Pump Leak 83-023 Fatigue Weld Crack Ss
ANO2 - PWR 11/24/1982 Pressure Transmitter Leak 82-041 * Over Torqued

Weld at SIS, 1x2 reducer,
0.75 linear crack, 1 in weld,
questionalbe failure

AN02 ; I PWR 8/16/1978 Drain Line at LPSI - 1x2 Leak . Fatigue-Vibrational mechanism - - SS
Beaver Valley 1 PWR 7/18/1989 Fire Line Leak 91-002 Erosion/Corrosion Erosion/Corrosion CS
Bninsvwck 2 BWR 1111/1982 Fire Rupture RO 2-82-9 Frozen Frozen Pipe CS

. Graphite corrosion of cast
Calvert Cliffs 2 PWR 5/3/1984 Component Cooling Leak IN 84-71 Corrosion iron- CS
Catawba 1 PWR 9/8/1994 Cooling Une with NaNO2 not given rupture ACN: 9409230238 not given digging
Catawba 1 PWR 1/11/1994 coolant recirculation not given leak 94-001 fatigue-vibrational fatigue-vibration Ss
Cook I PWR 12/4/1975 RHR _ 0.25 x 0.75 leak. .. NPEViII.B.102 fatigue-vibrational s. .... ss
Cook 2 PWR 10/27/1978 fire protection failed Rpt. FB-01 unknown unknown cause CS

CoopeBWR- - - -7/10/1978- Service Water - - - - - Leak- - 78-027 - - ---- Construction Defect/Error Construction Defect -- CS
Coooer BWR 8/23/1976 Fuel Une to Diesel Generator (oil) not given Rupture RO 76-34, 50298-6 Not Given Fuel line burst., CS
Dresden 1 - -- --- - BWR--- -9/14/1978 Coolant recirculatlon - --- 3x2 -Leak - 78-029 - --- Erosion/Corroslon Ersion/corroslon Ss- ---- - -
Dresden I - -BWR -- 9/1/1978 - Radwaste line- -- -- --- 3x2<- - - Leak----- XII. 61 (NPE, BWR Erosion/Corrosion 3x2 reducer - - Ss

.- .:.- . .2000-5000gal. Fuel pool--.
water to sphex skirt, cause:

_~ _ . _. _ . . ._ . corroded and weakened short
nipple on welded coupling.

Dresden I BWR 4/21/1977 Fuel pool HX inlet vent line, not given Rupture RO 77-9, 50010-74 Corrosion replaced. CS

Dresden 1 BWR 1/29/1972 Containment heat removal 4x2 Leak NUREG/75-067 Stress Corrosionl1GSCC IGSCC CS

Dresden 1 BWR 12/23/1961 Containment heat removal 4x2 Leak NUREG/75-067 Stress Corrosion/1GSCC IGSCC CS
Dresden 2 BWR 11/1/1978 Radwaste eductor x 6 x 6x4 Leak XII. 63 (NPE. BWR Corrosion Acid corrosion - Ss
Dresden 3 BWR 6/7/1977 Feedwater 3x6 Leak 77-021 Erosion/Corrosion Erosion/Corrosion CS

Cavitation, water hammer on
Dresden 3 - BWR fni 975 Condensate - . 6x3 - Leak- RO 75-04 Water Hammer a 6 In. x 3 in. reducer CS
Farley 1 and 2 PWR 7/1511992 Fire Main not given Rupture LER 92-003 Not Given Not Given CS
Fort Calhoun PWR 3/29/1996 Condenser Leak 96-002 Not Given In tubes CS
Ginna PWR 4/24/1990 RHR Leak NPRDS Unknown Outage Ss

- - - - core spray junction box between iPV.. through wall leak, earlier LL t
Peach Bottom 3 BWR 8/25/1981 and shroud - unknown leak LER 85-014 IGSCC 2-82-09/IX Ss
Pilgrim BWR 3/15/1982 instrument line 2x1 leak 86-006 unknown cracked weld Ss

reactor coolant pump seal water leak when pipe welded to
Prairie Island 2 PWR 12/13/1970 return line not given leak 50306-240 not given anchor pbb Ss
Quad Cities I BWR 3/26/1970 radwaste discharge pipe not given rupture 50254-363 not given pile driver ruptured pipe Ss
Quad Cities I BWR 4/8/1970 radwaste pipe not given severed letter DL construction error construction caused failure Ss
Quad Cities 1 BWR 6/9/1980 let pump instrument line unknown leak LER 84-008 1GSCC leak 1 out of 3 Ss
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Quad Cities 1 BWR 6/9/1980 jet pump instrument line unknown leak LER 84-008 IGSCC leak 2 out of 3 SS
Quad Cities 1 BWR 619/1980 jet pump Instrument line unknown leak LER 84-008 IGSCC leak 3 out of 3 SS
Quad Cities 2 BWR 8/26/1971 feedwater 4x6 rupture 75-031; NSIC-126; fatigue-vibrational fatigue-vibrational Cs

Quad Cities 2 BWR 1/15/1981 turbine to condenser expansion joint not given leak not given not given deteriorated rubber joint CS
Robinson 2 PWR 1219/1968 AFW to FW 4x16 leak RO- thermal fatigue CS
Robinson 2 PWR 11/16/1972 CRDM canopy seal unknown leak RO 76-20 not given weld degradation SS

Salem 1 PWR 11/21/1978 component cooling leak PNO-1-82-076 corrosion corrosion CS
eak occurred in a reducer
downstream of a control

San Onofre 1 PWR 6/30/1983 feedwater and condensate piping not given leak EPRI NP-6066 erosion/corrosion valve. leak repaired by CS
T e-akoccurred in one redlucer

San Onofre 2 PWR 12/31/1982 heater drain pump discharge not given leak EPRI NP-6066 erosion/corrosion downstream of a control CS

sch 80. 16x10 In. reducer.
Seabrook PWR 9125/1988 D.G. SWS 16x10 leak NPRDS erosion/corrosion refueling outage CS

cracked weld. dealloying of
South Texas I PWR 3/29/1988 ECW 30x14 leak NPRDS dealloying SS Al-bronze interface SS

sch 40, 1x30-in, salt water
St Lucia 1 PWR 3/5/1985 salt water cooling line 1x30 leak NPRDS corrosion corrosion CS
Surry 1 PWR 6/15/1973 unknown unknown rupture fiche 50280-844 not given
Suny 2 PWR 1/25/1970 not given not given rupture not given not given bellows failed

137 of 651 welds cracked,
Three Mile Island 1 PWR 7/5/1975 bldg spray, decay heat, spent fuel 10, 1.0001 crack/leak PNO-79-181B IGSCC leaked Ss

sch 80, 8x6-in reducer, hole
Three Mile Island 1 PWR 3/3/1986 feedwater 8x6 leak NPRDS erosion/corrosion in pipe CS

main steam line sample line replaced 4 feed of piping due
Trojan PWR 7/9/1983 steamtram not given leak not given erosion/corrosion to leak CS

main steam reheater safety valve eroded areas found. weld
Turkey Point 3 PWR 12/31/1978 inlet not given leak EPRI NP-6066 erosion/corrosion repair of pin hole leak In a CS

explosion in off-gas system
Vermont Yankee BWR 9/8/1969 off gas not given rupture AO 73-27. 50271-2 not given ruptured air ejector Ss

leaked reducer, stress
Vermont Yankee BWR 5/24/1970 control rod drive 2.5x3 leak AO 74-08 stress corrosion/IGSCC corrosion SS

Vermont Yankee BWR 6/12/1970 control rod drive 2.5x3 leak Ltr DL 6/13/74 stress corrosion/lGSCC stress corrosion Ss
microbiologically induced

Vermont Yankee BWR 9/15/1990 SWS (CI-3) 3 to 24 leak ACN:9504130158 corrosion Cs
VogUe 2 PWR 7/22/1990 RCS drain 2? leak PNQ-11-94-039 fatigue SS

Yankee Rowe PWR 5/22/1965 instrument line leak ORNL-NSIC-87:35 construction defect/errors construction defect/errors SS
Hatch 1 BWR 12/25/1981 Condenser not given Leak Not Given Tube leaks CS
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Hatch I BWR 3/6/1978 Instrument line 0.75-10 Leak Fatigue SS

Hatch 1 BWR 4/27/1984 Main fire header not given Rupture Material Weakness Material Weakness CS
Crack rupture 18 long x .25

Hatch 2 BWR 4/25/1986 Extraction steam line at reducer 20x16 Rupture Erosion/Corrosion wide. low pressure
Hatch 2 BWR 4/24/1984 Main fire header not given Leak Not Given Steam leak Cs
Indian Point 3 PWR 1/10/1978 Chemical and volume control Leak Unknown Unknown cause SS
Kewaunee PWR 12V16/1982 Chemical and volume control Leak Fatigue-Vibrational Fatigue-Vibrational SS

Kewaunee PWR 10/26/1983 Reactor Coolant Leak Erosion/Corroslon Erosion SS

Kewaunee PWR 3/13)1974 Reactor Coolant Leak Unknown Unknown cause SS

45 deg elbow to 8 x 14
LaSalle 1 BWR 12/10/1987 1 B feedwater line 8 x 14 Leak Erosion/Corrosion expander had pinhole leak

8 x 14 expander thinning and
LaSalle I BWR 12/10/1987 2 B feedwater line 8 x 14 Leak Erosion/Corrosion leaking

Expansion joint; flooded SWS
pump; circulation pump; CW

LaSalie 1 BWR 5131/1985 Bellows near cird pump not given Rupture Bellows foiled pump; 67500 gal CS
LaSalle I BWR 8/20/1996 Sprinklers not given Leak Not Given SS

LaSalle I BWR 9/24/1996 Steam line not given Leak Not Given CS
Millstone 1 PWR 10/21/1974 Feedwater sparger not given Leak Fatigue-Vibrational 3rd design cracked CS

Two cracked, two with
Millstone I PWR 6/12/1973 Feedwater sparger not given Crack/Leak Fatigue-Vibrational cracked Indications CS
Millstone 1 PWR 5/6/1996 LPCI not given Leak I IGSCC Ss
Millstone 1 PWR 6/27/1985 SWS 36 x 30 Leak Erosion/Corrosion Sch 40. 36 x 30 CS
Millstone 2 PWR SWS 12, 24 Leak Not Given Steel & epoxy CS
Millstone 2 PWR SWS 2.5-6 Leak Not Given Cu-Ni CS
Millstone 2 PWR SWS 0.75-2.25 Leak Not Given Stainless steel CS
Millstone 3 PWR SWS 0.75-3 Leak Not Given Cu-Ni CS
Millstone 3 PWR SWS 2.5-10 Leak Not Given Steel & epoxy CS
Millstone 3 PWR _ SWS 2.5-6 Leak Not Given Cu-Ni CS
Millstone 3 PWR SWS 0.25-2.5 Leak Not Given Stainless steel CS
Monticello BWR Condenser not given Leak Erosion/Corrosion CS
Monlicello BWR 5/19/1983 Moisture separator reheater 6x4 Leak Erosion/Corrosion Reducer leak from erosion SS
North Anna 1 PWR 7(1t1993 SIS high head pump casing unknown Leak Corrosion Boric acid corrosion SS
North Anna 2 PWR 6/1/1979 Feedwater 16 x 14 Fabrication Defect Slag/porosity CS
Oconee 2 PWR 8/1/1975 Emergency Core Cooling Leak Unknown Unknown Ss

Oconee 3 BWR 1/1/1976 FW heat extraction lne not given Leak Erosion/Corrosion CS
Zion 2 PWR 4/20/1971 eductor drain 11 o6 leak NPRDS fatigue-vibrational sch 40. socket weld CS

Cracked expansion joint,
Cooper BWR 1/23/1977 Service Water 20X8 Leak RO 77-5 Erosion/Corrosion erosion/corrosion CS
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Discarced Data - Material Appenuix B.2 '4/5/2005
Station Plant Type Date System Name Pipe Size Break Def Reference Failure Mechanism Comments

ANO1 PWR 9/1/1977 Drain Line 1 Leak NPE VIII.A 242 Unknown

Pin-hole leaks in 24n pipe
schedule 80, no other

ANO2 PWR 7/3011976 Unknown 2 Leak 50368-281. -294. .305 Not Given information
6 valve nozJes found

Big Rock Point BWR 3/27/1976 Unknown >1 Leak 50153-554 and RO 5-76 Stress Corrosion Cracking cracked
Big Rock Point BWR 814/1971 Not Given 3 Leak Letter DL Thermal Fatigue
Browns Ferry 1 BWR 1/21/1985 Drywell <1 Leak 85-001 Fatigue-Vibrational Fatigue-vibrational
Browns Ferry 2 BWR 9/30/1978 Drywell 0.15 Leak LER 78-16 Fatigue-Vibrational Fatigue-vibration

PVC lack of bond, 8 prior
events LERs 86-8, 87-13.87

Brunswick I BWR 3120/1990 Unknown >1 Failed 90-4 Not Glven 22 89-10 89-22
Leak at elbow weld,

Callaway PWR 10/21995 Desuperheater 2 Leak PNO-IV-95-043A Unknown unknown cause
Calverl Cliffs I PWR 10/9/1985 Bleedoff Line <1 Leak NPE V.A 132 Fatigue-Vibrational
Cooper BWR 12/28/1979 Radiant Energy conversion 12 Leak 79-043 Not Given
Cooper BWR 10/12/1979 Supply >1 Leak LER 79-029 Not Given No cause
Dresden 2 BWR 1/21987 Unknown 12 Crack/Leak 87-001 Stress Corrosion/lGSCC IGSCC
Dresden 2 BWR 5/18/1979 Aluminum radwaste line >1 Leak LER 79-001 CorrosIon

Cracked valve seat In
nitrogen purge line, unknown

Dresden 2 BWR 10/7/1975 Dywell 18 Crack/Leak AO 75-48 Unknown cause
Dresden 2 BWR 3/3/1975 Unknown 8 Crack/Leak AO 75-14 Construction Defect/Errors Construction defects
Dresden 2 BWR 12116/1 974 Drywell 4 Leak RO Unknown Unknown
Dresden 2 BWR 12/12/1974 Drywel >'1 Leak AO 74-76 Unknown Unknown

Broken tubes, tubes
Dresden 2 BWR 12/12/1974 Drywell <1 Leak AO 74-75 Unknown replaced, unknown cause
Dresden 2 BWR 9/13/1974 Drywell 4 Leak RO Stress CorrosiontIGSCC IGSCC
Dresden 3 BWR 1/5/1983 TAP Isolation 0.75 Leak 83-2 Unknown Thermal Fatigue
Dresden 3 BWR 4/16/1975 Drywell line 0.25 Severed RO-75-19 & 50-249-609 Not Given Used as ladder

Dynamic load, strained
Dresden 3 BWR 9/2411974 1rywelf 18 Crack/Leak AO 74-29 Design-Dynamic Load piping
Fartey 1 PWR 6/11/1995 Room cooler <1 Leak 95-005 Unknown Unknown cause
Fermi 2 BWR 4/1/1982 Unknown 0.75 Leak ACN:8210190332 Fatigue-Vibrational
Ginna PWR 12/1/1976 Demineralizer <1 Leak NPE Vlli.A.226 Unknown
Perry BWR 3/25/1989 fiberglass SWS 30 rupture 93-010 not given lack of soil support
Perry BWR 3/25/1989 service water fiberglass pipe 30 rupture 93-010 design-dynamic load design-dynamic load
Quad Cities 1 BWR 12/31/1966 drywell 4 leak inquiry memo erosion/corrosion erosion
Quad Cities I BWR 10/t13/969 not given <1 rupture not given not given
San Onofre 3 PWR 10/14/1979 1 leak 83-095 unknown plugged pipe, line failure
Surry 1 PWR 11/29/1968 RTD 0.375 failed AO-72-06 not given blew out
Three Mile Island 2 PWR 1/7/1975 unknown 1 leak 79-005 fatigue-vibrational fatigue-vibrational
Turkey Point 3 PWR 1/20/1981 drywell <1 leak PNO-11-85-009 other personnel error

Weld broke - weight of valve
Hatch 2 BWR 31 2/1982 Sensing tube 0.25 Leak Not Given caused failure

Fatigue-Vibration, turbulent
LaSate 1 BWR 11/11/1984 Drywel 1.625 Leak Fatigue-Vibrational flow conditions
Oyster Creek BWR 3t15t1979 Drywell equipment drain tank >1 Leak Not Given
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NTSB uata Appenidix C 4/5/2005

Source Pipe OD (In) Pipe Thickness (in) Break Def Fluid Failure Mechnism | Material
fatigue cracking due to a dent

3a 24 0.25 rupture crude oil In the pipe steel - API 5L X52
corrosion fatigue crackign,

3b 28 0.281 rupture gasoline maybe preexisting weld defect steel - API 5L X52
through wall inadequately supported

3c 40 0.344 crack gasoline pipeline steel
probable cause environment

diesal fuel, induced cracking at pipe steel - Grade 5L X-
3d 10 0.25 rupture high sulfer coating failure area 42 material

rupture - operator failure to follow
3e 8 0.188 overpressure diesal fuel operation procedures steel

undiscovered fractur in a
3f 12.75 0.203 rupture fuel oil buckle due to a bad inline steel - API 5L X46

damage done during
3g 16 0.312 rupture gasoline modification, Inadequate steel - API 5L X52

wall thinning due to carbon steel - API
3h 30 0.355 rupture natural gas corrosion 5L X52

31 34 0.312 rupture crude oil fatigue crack growth to rupture steel - API 5L X52
corroded to 0.069in at thinnest

3j 36 0.281 rupture fuel oil wall point steel
liquid

3k 8 0.188 rupture butane corrosion steel - API 5L X46



National Transportation Safety Board Data References

From: National Transportation and Safety Board Published Pipeline Accidents
http://www.ntsb.gov/PublictnlPAcc.htm

Reference ID Pipeline Accident Report Number Report Date
3a DCA-00-MP-004 2-May-97
3b DCA-00-MP-005 5-Jul-97
3c DCA-98-MP-002 21 -Mar-95
3d DCA99-MPOO5 8-Feb-95
3e DCA-97-FP-002 28-Apr-95
3f PB2002-916501 22-Jul-98
3g PB2002-916502 7-Oct-98
3h PB2003-916501 10-Feb-99
3i PB2004-916501 22-Jun-00
3j PB98-916502 3-Nov-94

3k PB98-916503 5-Nov-94
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Failure Mechanism Appendix D 4/5/2005

Failure Mechanisms for the PWR Data Set In PWR Bins

Failure Mechanism Bin 1 Bin 2 Bin 3 Bin 4 Bin 5 Bin 6
Aging 0 0 0 0 0 0
Corrosion 208 66 123 330 45 7
Defects, Consturction Errors 119 100 4 103 49 0
Wear 3 13 0 1 1 0
Water Hammer 15 5 2 3 1 2
Flow Assisted Corrosion (FAC) 0 0 0 0 0 0
Fatigue 302 38 16 5 7 0
Intergranual Stress Corrosion Cracking (SCC) 110 110 59 133 26 0
Other 274 244 148 187 150 3

Failure Mechanisms for the BWR Data Set In BWR Bins

Failure Mechanism Bin 1 Bin 2 Bin 3 Bin 4 Bin 5 Bin 6
Aging 1 0 0 0 0 1
Corrosion 73 26 34 26 11 0
Defects, Consturction Errors 58 9 8 8 2 0
Wear 0 0 1 0 0 0
Water Hammer 6 2 3 1 0 1
Flow Assisted Corrosion (FAC) 0 0 0 0 0 0
Fatigue 122 9 8 8 0 0
Intergranual Stress Corrosion Cracking (SCC) 48 10 53 51 11 0
Other 178 22 23 20 7 6

Summary of Failure Mechanisms

Failure Mechanism Ail SS CS PWR BWR
Aging 0 0 2 0 2
Corrosion 0 185 764 779 170
Defects, Consturction Errors 0 202 258 375 85
Wear 0 2 17 18 1
Water Hammer 0 10 31 28 13
Flow Assisted Corrosion (FAC) 0 0 0 0 0
Fatigue 0 326 189 368 147
Intergranual Stress Corrosion Cracking (SCC) 0 399 212 438 173
Other 0 458 804 1006 256
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Appendix E. Failure Frequencies with National Transportation Safety Board Data

The calculated failure frequencies with the National Transportation Safety Board Data
are given below in Tables El and E2 for all data and the carbon steel data, respectively.
The additional data were all carbon steel pipes and therefore do not affect the stainless
steel failure frequencies.

Table Al. Failure Frequencies with NTSB Data, All Data.
NRC PWR Bins NRC BWR Bins

Range Frequency Frequency Range Frequency Frequency
(in) (no. events) (1/cal-yr) (in) (no. events) (1/cal-yr)

0-1.625 1310 1.52E-04 0-1.875 1310 1.52E-04
1.625-3 260 3.02E-05 1.875-3.25 260 3.02E-05

3-7 297 3.45E-05 3.25-7 297 3.45E-05
7-14 515 5.98E-05 7-18 559 6.49E-05
14-31 133 1.54E-05 18-41 101 1.17E-05
>31 25 2.90E-06 >41 13 1.51 E-06

Table A2. Failure Frequencies with NTSB Data, Carbon Steel Data.
NRC PWR Bins NRC BWR Bins

Range Frequency Frequency Range Frequency Frequency
(in) (no. events) (l/cal-yr) (in) (no. eventsl (1/cal-yr)

0-1.625 611 1.25E-04 0-1.875 611 1.25E-04
1.625-3 149 3.05E-05 1.875-3.25 149 3.05E-05

3-7 194 3.97E-05 3.25-7 194 3.97E-05
7-14 353 7.22E-05 7-18 393 8.03E-05
14-31 114 2.33E-05 18-41 85 1.74E-05
>31 22 4.50E-06 >41 11 2.25E-06
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1.0 Introduction

The proposed changes to 1 OCFR50.46 are based on the idea that small pipes break and
large pipes don't. While this is an over simplification of the proposed rule change it is
based on some data that the NRC has collected on pipe failures.

The scope of this project is to generate a database on pipe leakage and failure occurred
in plants and facilities worldwide. Data were to be put into plots and tables in order to be
used to compare with the frequency plot generated by the NRC (Reference 1). The
comparison against NRC results should provide a better understanding of the nuclear
pipe failure behavior. More important, the database documented in this report should be
integrated with other database generated in the same fashion in the framework of the
project#1 (Spring 2005) of the Nuce-597-D course at The Pennsylvania State University.
The integration of various database should provide a reasonable comparison against
NRC results (Reference 1), and might also include pipe failure which were not taken into
account by NRC analyses.

Even though the objective of this project is related to nuclear technology applications,
some data was obtained from conventional engineering applications.

The purpose of this analysis is to create a database that takes into accounts the
following categories:

1) Pipe material. Only carbon steel and stainless steel pipes are considered.

2) For each type of steel piping data were divided into "leaking" or "failures or
ruptures".

3) Mechanism for either leaking or failure: e.g. fatigue, corrosion, etc.

4) Failures of a type, for each different steel pipe grouped as a function of pipe size.

Frequency plots were created based upon the relation between number of failures and
number of operating reactor-year. For the failure concerning the commercial Nuclear
Power Plants, data on reactor-year were obtained from page 35 to page 58 of Reference
2.
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2.0 Assumptions Used

The following assumptions were used in performing the required task for the analysis
documented in this report:

a) Data obtained from Internet websites were used without further investigations on
their reliability. However, each data obtained from website was referenced.

b) The database documented in this report includes pipe failure data from both
nuclear and conventional engineering fields.

c) For some of the points included into the database it was not possible to retrieve
all of the information specified in Section 1.0. As a consequence these data may
not be present in defined categories.

d) The number of reactor years experience in USA used was 2745 days as of the
end of 2003 (Reference 3). In order to obtain the calendar year an average value
of 0.81 was assumed for the availability factor.

e) The classification in six different size categories is related to the pipe internal
diameter where the leakage or failure occurred.

f) Failure occurred at junction between carbon steeVstainless steel were included
into the carbon steel category.

g) For a few database points where the information on steel type was not available,
the material was inferred by the analyst upon engineering judgment based on the
system piping location into the reactor where the events occurred.

h) Crack events where classified as leakage points into the database.

i) Whenever two different mechanisms contributed to a pipe leakage or failure, the
data point was considered in each of the subdivided mechanism category. The
same approach was adopted for pipe with a dimension meeting the boundary
between two size classes (defined in Section 3.0). This was done in order to
increase the population number into the different categories.

j) Data #20 and 21 in Table 1 relate to WER-440 reactor type. These data were
considered PWR data.
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3.0 Analysis Approach

The task was accomplished by conducting a literature survey on pipe failure papers, as
well as by searching through internet websites. The data obtained were then processed
according with the following procedure:

a) Separate the data into carbon steel piping and stainless steel piping.

b) Separate the data for each type of steel piping into "leaking" or "failures or
ruptures".

c) Isolate the mechanism for either leaking or failure.

d) Grouping the failures of a type, for each different steel pipe as a function of pipe
size. The following bins for the different pipe sizes were used:

> 0 to 1 inch -> Class 1
> 1 to 4 inches -> Class 2
> 4 to 12 inches (accumulator line size) -> Class 3
;> 12 to 24 inches (pressurizer surge line size, recirculation line sizes ) ->

Class 4
> 24 to 30 inches (recirculation line sizes, cold leg, hot leg sizes) -> Class 5
> greater than 30 inches (main steam line sizes) -> Class 6.

e) Eliminating data from failure mode that are totally unexpected from a rector plant
point of view.

f) Normalize the accepted data and calculate frequencies based on the total
reactor-year operation data.

g) Compare the calculated frequencies against NRC results (Reference 1)
separately for PWR and BWR plants, and, for each plant, considering carbon
steel, stainless steel, and combined steel data.
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4.0 Discussion of the Results

The whole database is provided in Tables 1 and 2, which includes several information
about the failures. The references for each data point are indicated in Tables 1 and 2
and specified in Section 6.0. The database is composed of 55 points.

However, according with the procedure documented in Section 2.0, data point number
50, 51, and 52 were eliminated because the "polythionic stress corrosion cracking" is a
mechanism failure that does not occur in Light Water Reactor environment. The data
from # 47 to 55 are not related to NPP, but they are taken from conventional plants.

The data divided by carbon and stainless steel pipes are provided in Tables 3 and 4,
respectively.

Tables 5 and 6 provide data subdivided by failure mechanism and size class for carbon
steel and stainless steel, respectively.

Tables 7 to 9 present normalized data as described in Section 3.0 for carbon, stainless
steel, and combined data sets. The failure frequencies collected in these tables were
calculated with the following procedure:

> for each steel set data, the failures were normalized in each pipe size bin
by the total number of failure for the considered steel type. This provides
the fraction of failure for each bin size

> Each fractional size was then divided by 3390 calendar years of operation
in order to obtain a frequency in calendar-years" for each bin size.

The number 3390 is calculated by the number of reactor years experience in US, i.e.
2745 years (see assumption d) in Section 2.0) as of the end of 2003. Given an average
availability factor of 0.81,

2745 reactor - years = 3390calendar - year (1)
0.81

This normalization was necessary in order to compare the calculated frequencies
against NRC results, which are in fact related to calendar-years. The NRC results are
shown in Table 10 (from Table 3 of Reference 1). The considered NRC results are the
values for end of original license from Table 3 of Reference 1.

Figures 1 to 6 show the comparison among calculated frequencies and NRC results.

The comparison of obtained results against NRC results is definitely affected by the
number of data point found and included into the database documented in this report. In
fact more points would be necessary in order to have significant comparisons. It should

.1
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be noted that for some size bin (or size classes) zero or almost zero data point were
found. This means that certain LOCA categories (as indicated in Figures 1 to 6) were not
filled by 'enough" database points to have a significant comparison against the statistical
NRC results.

Figure 1 to 6 also show that for most of the size classes in which more database points
were found the calculated frequencies are comparable with NRC results. Comparisons
are in fact better for the combined sets case where more points fill the different LOCA
categories.

Most of the found data points fill the classes 2, 3 and 4. For these classes plots show
that in among the different cases (PWR, BWR and combined) the calculated frequencies
tend to be higher than NRC frequencies. It should also be noted that the trend of
calculated frequencies versus LOCA categories is not really consistent with the NRC
trends. These trends are confirmed even ignoring those classes which have zero or very
few data points.

The calculated frequencies tend to show quite steady failure frequency values versus
LOCA category, whereas NRC results show a decrease in failure frequencies going from
low to high LOCA categories, both for PWR and BWR.

A few comments on the found results may give some explanations on the calculated
trends. At first, the search of pipe failures was most focused on larger pipe sizes rather
than smaller, this resulted in basically ignoring very small tubes and therefore classes 1
and 2 have a very few data points. For instance, the huge database on steam
generators tubes failed in nuclear industry (e.g. NUREG-CR6575) were not included in
this analyses.

Furthermore, the frequencies were calculated by using the US reactor-years but the
database points were obtained from plant worldwide and some not even from NPPs.
Probably the frequencies may be calculated using the worldwide reactor-years operating
value, and this would generates lower calculated frequencies that should be much closer
to the NRC ranges for classes 2,3, and 4.

Statistical results need to have at least ten points within each class in order to assume a
normal distribution. This number of data points can be then considered the very least
number of data needed in each class in order to have a reasonable comparison of the
allocated database against the NRC results, which have been calculated with a
statistical approach. From Tables 7, 8, and 9 it is evident that for BWR, PWR, or
combined sets only a couple of classes were filled with about ten points.

Most common failure mechanism found was ISCC for stainless steel. This was an
expected result, since is a very well known problem of stainless steel in NPP technology
and a lot of analyses are available in literature concerning this issue. For carbon steel
there were found three mechanisms with almost the same number of failure data points:
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fatigue, corrosion/erosion, and mechanical damage/vibrations. These also were
expected results since is well knows these are among the most common failure causes.
Among these failures there are in fact a lot of secondary side pipes subject for their
operating conditions to repetitive loads, thermal transients, presence of debris, corrosion
and erosion.

The Reference 47 for data #44 in Tables 1 and 2 was lost. However, the data was left
into the actual database.
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Table 1: Pi e failure Database.
Pipe

No. Reactor Type Plant Name Unit Country Pipe Position Internal

__ __ #_ Diameter
= __ (In)

1 PWR Genkay 1 Japan SS piping system 5.9

2 BWR/4 Hamaoka 1 Japan ECCS HPCI piping 5.9

3 PWR Surry 2 USA Main FW pipe 18

4 PWR Civaux 1 France RHRS pipe 7.1

5 PWR Trolan USA Heater drain pump discharge pipe 14

6 PWR Mihama 3 Japan FW heater drain pipng 5.9

7 PWR Main Yankee USA Moisture separator reheater vent pipe 1.97

8 PWR Savannah River k-Area USA Pump discharge piping 2

9 BWR Hamaoka 2 Japan Drain pipe in RHRS 1.06

10 BWR Brunsbuettel Germany Auxiliary coolant system piping 7.9

11 PWR Mihama 3 Japan Excess Letdown pipe line , 2

1 USA pipe collecting water in the moist.
12 BWR Hope creek Separator * 8

13 PWR Mihama 2 Japan PRZ spray line 0.79

14 PWR Mihama 2 Japan Letdown piping of CVCS 2.36

2 Japan HP turbine exhaust press. Detection
15 BWR Kashiwazaki pipe 1.18

16 PWR Ikata 1 Japan Charging pipe from CVCS 2.37

17 PWR Tsuruga 2 Japan CVCS piping 3.5

18 BWR Tsuruga 1 Japan Piping of CR driving water system 2.37

19 BWR Tokal-Daini Japan FW heater piping 0.63

20 WER-440 Loviisa I Finland Main FW 12.8

21 WER-440 Loviisa 2 Finland Main FW piping system 12.8

3 USA 2 pipes In Moisture Separator Drain
22 PWR Millstone system 6

23 PWR San Onofre 2 USA FW regulation valve bypass pipe line 6

24 LMFBR Moniu Japan SS Hot leg

25 PWR Ikata I Japan 20

26 PWR Ikata I Japan 35

27 PWR Mihama 3 Japan 20

28 PWR Mihama 3 Japan 20

29 BWR Nine Mile Point 1 USA Recirc Lnes 20

30 BWR Browns Ferry 2 USA Recirc Une' 20

31 BWR Monticello USA Recirc Une 22

32 BWR Monticello USA Recirc Une 12

33 BWR Monticello USA Recirc Line 12
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34 BWR Monticello USA Recirc Line 12

35 BWR Monticello USA Recirc Line 12

36 BWR Monticello USA Recirc Line 12

37 BWR Hatch I USA RecircLine 20

38 BWR Hatch I USA Recirc Line 24

39 BWR Hatch 1 USA Recirc Une 22

40 BWR Hatch 1 USA Recirc Line 22

41 BWR Hatch I USA Recirc Line 22

42 BWR Hatch 1 USA Recirc Line 22
43 BWR Hatch I USA Recirc Line 22

44 PWR Mulheim-Karlich Germany Feed Water Pipe 15.75

45 PWR Oconee 3 USA HPI line 2.5
46 PWR Crystal River USA HPI line 2.5

47 4

48 6

49 10

50 2

51 6.6

52 56.7

5 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _2 .5

54 . 8
55 6

'Pipe internal diameter was greater than 20Dn.
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Table 2: Pi e failure Database and Reference Numbers.
Type of

No. Pipe Pipe Material Failure Mechanism of Failure Event Date Reference#
Thickness In Section 6.0

1 11mm Carbon Steel Leakage Fatigue /6/11988 4

2 11mm Carbon Steel Rupture Hydrogen Combustion 11/7/2001 5

3 0.51n Carbon Steel Rupture Erosion/Corrosion Dec-86 6

4 25mm Carbon Steel Leakage Thermal Fatigue 511211998 7

5 0.375in Carbon Steel Erosion/Corroslon 3/911985 8

6 1.4mm Carbon Steel Rupture Cavitation and FAC 8/15/2004 9

7 Leakage Erosion/Corrosion 7/22/1992 10
Carbon Steel

8 ASTM-A53 Manufacturing Defect /1992 11
Carbon Steel

9 3.9mm STS 42 Leakage Vibration-Fatigue 5/25/2002 12

10 Carbon Steel Rupture Hydrogen Explosion 12/14/2001 13

11 Carbon Steel Leakage Fatigue 14

12 Carbon Steel Leakage Excessive stress 10/10/2004 15.
Stainless

13 Steel Corrosion 11/912003 16
Stainless

Steel
14 SUS27TP Cavitation and Fatigue 41712000 17

Manufacturing Defect and
5 5 Leakage Fatigue 6122/2000 18

Stainless
15 8.7mm Steel Leakage SCC 10/13/2000 19

17 11mm SUS316 Leakage Manufacturing Defect 12/24/1996 20
Carbon Steel

18 8.7mm STPT42 Leakage Pitting Corrosion 2120/1997 21
Stainless Manufacturing Defect and

19 1.0mm Steel Leakage PitCorrosion 4/4/1999 22
Carbon Steel

20 18mm CT20 Rupture Erosion/Corrosion 5/28/1990 23
Carbon Steel

21 18mm CT20 Rupture Erosion/Corrosion /1993 24

22 Carbon Steel Erosion/Corrosion 12/31/1990 25

23 Carbon Steel Leakage Erosion/Corrosion 7/2/1990 26

24 Leakage Design Mistake and Vibration 12/811995 27
Stainless

25 Steel Rupture Stress Corrosion 28

26 Carbon Steel Rupture 29
27 carbon steel rupture flow assisted corrosion 30

28 carbon steel rupture cavitalon erosion 31
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29 stainless steel crack IGSCC l 32
30 stainless steel crack IGSCC | 33
31 r stainless steel crack IGSCC 34

32 | stainless steel crack IGSCC | 35

33 | stainless steel crack IGSCC 36

34 | stainless steel crack IGSCC 37

35 stainless steel crack IGSCC 38

36 stainless steel crack JGSCC 39

37 stainless steel crack IGSCC 40
38 stainless steel crack IGSCC 41

39 stainless steel crack IGSCC 42

40 stainless steel crack IGSCC 43

41 stainless steel crack IGSCC . 44
42 stainless steel crack IGSCC 45

43 stainless steel crack IGSCC 46
pressure transient due to

44 carbon steel Rupture heating 47
carbon/ss crack

45 junction (circum) thermal hydraulic transients 1997 48
carbon/ss

46 junction crack thermal hydraulic transients 1982 49
304H

Stainless
47 Steel crack stress corrosion 51

304H
Stainless

48 Steel crack stress corrosion 51
304H

Stainless
49 Steel crack stress corrosion 52

polythionic stress corrosion
50 stainless steel crack cracking 53

polythionic stress corrosion
51 stainless steel crack cracking 54

polythionic stress corrosion
52 stainless steel crack cracking 55

53 carbon steel crack oxygen corrosion 56

54 carbon steel leak incomplete weld 57

55 carbon steel leak corrosion 58
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Table 3: Carbon steel pipe Database.

No. ReactorType Plant Name Unit Pipe Internal Pipe Material Type olFailure Mechanism of Failure
If Diameter
_ (in)

1 PVIR Genkay 1 5.9 Carbon Steel Leaka~e Faxique

2 5VWPI4 Hamacka 1 5.9 Carbon Steel Rupture H1-din en Combustion

3 PWR Surrv 2 18 Carbon Steel Rupture ErosiWon/Corrosion
_ FWR Ciwaux 1 71 Carbon Steel Leakaoe Thermal Fatigue

S PV4R Trojan 14 Carbon Steel E-osionrCorrosion

6 PWR Mihara 3 5.9 Carbon Steel Rupture Caztation and FAC

7 PWR Main Yankee 1.97 Leakaoe Erosion/Corrosion

8 PWR Savannah River kArea 2 Carbon Steel ASTU A53 Manufacuring Defect

9 EWR Hamaoka 2 1D06 CarbonSteelSTS42 Leakane Vibration-Fatique
10 BVVR Brunsbuettel 7.9 Carbon Steel Rupture Hydrogen Expcosion

11 PWR Mihama 3 2 Carbon Steel Leakane Falicue

12 eVIR Kce creekl' 1 8 Carbon Steel Leakaoe Excessive stress

13 EWVR Kashiwazaki 2 1.18 Leakage Manufacturing Defect and Fatigue

1J BSR Tsuruoa 1 2.37 Carbon Steel STP742 Leakage Piktina Corrosion

1; WER-440 Lmisa 1 12.8 Carbon Steel CT20 Rualure Etesion'Corrosion

16 WER.440 _Lcisa 2 12.8 Carbon Steel CT20 Ructure ErosionfCorrosion

17 PFAR Millstone 3 6 Caton Steel ErosiontCorrosion

18 PWR San Onofre 2 6 Carbon Steel Le;kane ErosionlCorrosion

19 LIFBR Monju Leakaoe Desimn Mistake and Vibration

20 PIR Ikata 1 35 Carbon Steel Ruoture
21 PWR harama 3 20 carbon steel rupture low assisted corrosion

22 PMR Mihama 3 20 carbon steel rupture caitaion erosion
23 PWR Mulheirn-Karlich _ 15.75 carbon sleel Rupture pressure transient due to heating

24 PWR Oconee 3 25 carbon'ss junction crack (circum) thermal hydraulic transients

25 PWR Crystal Rier 2.5 carbonsos junction crack thermal hydraulic transients

26 265 carbon steel track oxvgen corrosion

27 a8 carbon steel leak incomplete weld

28 6 carbon steel leak corrosion
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Table 4: Stainless steel pipe Database.

No. Reactor Type Plant Name Unit Pipe Internal Pipe Material Type of Failure Mechanism of Failure

_ Diameter
_____________ _______________(in) _ _ _ _ _ _ _ _ _ _ _

1 PWVR Miharna 2 0.79 Stainless Steel Corrosion

2 PWVR Mihama 2 2.36 Stainless Steel StJS27TP Cevitation and Fatigue

3 PWR k kata 1 2.37 Stainless Steel Leakage SCC

4 PVR Tsuruga 2 3.5 SUS316 Leakage Manufactunng Defect

S BWR Tokai.Dani 0.63 Stainless Steel Leakage Manufa:tuning Defect and Pn.Corrosion

6 PWVR lkata 1 20 Stainless Steel Rupture Stress Corrosion

7 BWR Nine Mile Point 1 20 stainless steel crack iGSCC

8 BWVR Browns Ferrn 2 20 stainless steel crack iGSCC

9 BWR Monticelto 22 stainless steel crack IGSCC

10 BWR Monticetlo 12 stainless steel crack IGSCC

11 B VR Monticeto 12 stainless steel crack IGSCC

12 BWR Monticello 12 stainless steel crack IGSCC
13 EVBR Monticelto 12 stainless steel crack IGSCC

14 MVR Monticello 12 stainless steel crack IGSCC

15 M'VR Hatch 1 20 stainless steel crack IGSCC

16 BVR Hatch I 24in stainless steel crack IGSCC

17 HVR Hatch 1 22 stainless steel crack IGSCC

18 EvR Hatch 1 22 Stainless steel crack IGSCC

19 BVWR Hatch 1 22 stainless steel crack iGSCC

20 BWR Hatch 1 22 stainless steel crack IGSCC

21 BWR Hat:h 1 22 stainless steel crack IGSCC

22 4 304H Stainless Steel crack stress corrosion

23 6 304H Stainless Steel crack Stress corrosion

24 10 304H Stainless Steel crack stress corrosion
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Table 5: Stainless steel data subdivided by failure mechanism and size class.

Carbon steel Data

28

Leakage Failure

24 1

ISCC Defects/Construction Error ISCC

22 2 1

Class 2 Class 3 Class 4 Class 1 Class 2 Class 4

3 10 15 1 1 1
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Table 6: Carbon steel data subdivided by failure mechanism and size class.

Stainless Steel Data

27

Leakage Failure

15 . _ 12

Fatigue Corrosion Defects' MechDamage/ Corrosion Hydrogen FAC MechDamage/

Construction Vibration/ combustion Vibration/
error

Loading Loading

5 6 3 5 4 2 2 1

ci2 cI3 c13 c14

3 T2 4 2 1 |1 3 | 1 4 2 1 -i1
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Table 7: Frequency failure for carbon steel.
Plant Type Class Pipe Size # of Data Fraction of Frequency

(in) Failures per Cal. Year
1 O to 1 0 0.000 1.OOOE-20
2 1 to 4 3 0.500 1.475E-04

BWR 3 4 to 12 3 0.500 1.475E-04
4 12 to 24 0 0.000 1.000E-20
5 24 to 30 0 0.000 1.000E-20
6 >30 0 0.000 1.000E-20
1 O to 1 0 0.000 1.000E-20
2 1 to 4 3 0.200 5.900E-05

PWR 3 4 to 12 5 0.333 9.833E-05

4 12 to 24 6 0.400 1.180E-04
5 24 to 30 0 0.000 1.OOOE-20
6 > 30 1 0.067 1.967E-05

1 O to 1 0 0.000 1.OOOE-20
2 1 to4 7 0.280 8.260E-05

Total 3 4 to 12 10 0.400 1.1 80E-04
4 12 to 24 7 0.280 8.260E-05
5 24 to 30 0 0.000 1.000E-20

_ 6 >30 1 0.040 1.1 80E-05

*Carbon Steel
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Table 8: Fre uency failure for stainless steel.
Plant Type Class Pipe Size # of Data Fraction of Frequency

(in) Failures per Cal. Year
1 O to 1 1 0.045 1.341 E-05
2 1 to 4 0 0.000 1.000E-20

BWR 3 4to 12 5 0.227 6.704E-05
4 12 to 24 15 . 0.682 2.011EE-04
5 24 to 30 1 0.045 1.341 E-05
6 > 30 0 0.000 1.000E-20
1 0 to 1 1 0.200 5.900E-05
2 1 to 4 3 0.600 1.770E-04

PWR 3 4 to 12 0 0.000 1.OOOE-20
4 12 to 24 1 0.200 5.900E-05
5 24 to 30 0 0.000 1.000E-20

. 6 > 30 0 0.000 1.OQOE-20
1 0 to 1 2 0.065 1.903E-05
2 1 to 4 4 0.129 3.806E-05

Total 3 4 to 12 8 0.258 7.613E-05
4 12 to 24 16 0.516 1.523E-04
5 24 to 30 1 0.032 9.516E-06
6 > 30 0 0.000 1.OOOE-20

*Stainless Steel
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Table 9: Fre uency failure for combined sets.
Plant Type Class Pipe Size # of Data Fraction of Frequency

(in) Failures per Cal. Year
1 0 to 1 1 0.036 1.054E-05
2 1 to 4 3 0.107 3.161 E-05

BWR 3 4 to 12 8 0.286 8.428E-05
4 12 to 24 15 0.536 1.580E-04
5 24 to 30 1 0.036 1.054E-05
6 > 30 0 0.000 1.OOOE-20
1 0 to 1 1 0.050 1.475E-05
2 1 to 4 6 0.300 8.850E-05

PWR 3 4 to 12 5 0.250 7.375E-05
4 12 to 24 7 0.350 1.032E-04
5 24 to 30 0 0.000 1.OOOE-20
6 >30 1 0.050 1.475E-05
1 0to 1 2 0.036 1.054E-05
2 1 to4 11 0.196 5.794E-05

Total 3 4 to 12 18 0.321 9.482E-05
4 12 to 24 23 0.411 1.212E-04
5 24 to 30 1 0.018 5.268E-06
6 > 30 1 0.018 5.268E-06

***Total
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Table 10: NRC failure frequency results.
Break

Plant Type Class Size Estimates (per cal. Year)
(In) 5% Mean 95%

1 0.5 2.3E-05 5.1 E-04 1.9E-03
2 1.875 1.8E-06 1.2E-04 4.7E-04

BWR 3 3.25 2.4E-07 2.1 E-05 8.OE-05
4 7 5.7E-08 6.6E-06 2.5E-05
5 18 1.OE-08 2.4E-06 6.9E-06
6 41 2.8E-11 2.5E-09 9.5E-09
1 0.5 3.OE-04 2.1 E-03 7.5E-03
2 1.875 4.9E-06 2.5E-04 9.3E-04

PWR 3 3.25 3.1 E-07 1.8E-05 7.OE-05
4 7 6.OE-08 2.5E-06 9.6E-06
5 18 9.3E-10 6.1 E-08 2.4E-07
6 41 1.OE-10 4.6E-08 1.7E-07

ANRC (Reference 1)
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Figure 1: BWR frequencies comparison for stainless steel data.
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Figure 2: BWR frequencies comparison for carbon steel data.
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Figure 3: BWR frequencies comparison for combined data sets.
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Figure 4: PWR frequencies comparison for carbon steel data.
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Figure 5: PWR frequencies comparison for stainless steel data.
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Figure 6: PWR frequencies comparison for combined data sets.
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5.0 Conclusions

It should be noted that a statistical approach was not used for processing the found pipe
failure data.

The database documented in this report is composed by 55 data points. These data are
not enough to fill with enough points all of the six different identified size classes ranging
from less than 1 in to greater than 30in. As a result the comparison against NRC data
cannot be properly performed. However, some indication can be obtained from the
obtained results mostly for the classes more populated.

In addition, the value of the analysis here documented remains. This database should be
used in conjunction with other parallel database developed in the framework of the same
project in order to create a database large enough to make the comparison against NRC
failure frequencies more reliable.

Calculated trend are not fully consistent with NRS frequency trend versus LOCA
category. The calculated trend do not show a clear decrease in frequency failure for
going for lower to higher LOCA category classes. The results show similar trend for.
BWR and PWR (mostly when the combined material sets are considered for both
reactors). However, calculated BWR frequencies are somewhat lower than PWR failure
frequencies in the same class. This is consistent with NRC results.

Calculated frequencies are -affected by the chosen value of reactor-years. May a
worldwide value of reactor-years should be used for calculating the frequencies, since
worldwide data were included in the database.

Most of the found data points are within the classes 2, 3, and 4, and mostly within pipe
size ranges between 6 and 24 inches.

Most common failure mechanism found was ISCC for stainless steel. This was an
expected result, since is a very well known problem of stainless steel in NPP technology
and a lot of analyses are available in literature concerning this issue. For carbon steel
there were found three mechanisms with almost the same number of failure data points:
fatigue, corrosion/erosion, and mechanical damage/vibrations. These also were
expected results since is well knows these are among the most common failure causes.

Interesting results are two failures due to hydrogen combustion or explosion in pipes.
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Abstract

This project investigated the break frequency for large pipes in an attempt to determine

the validity of a probabilistic approach to power plant requirements instead of a deterministic

method. The investigation analyzed 34 different pipe failures throughout various industries, then

applied the data to a frequency model to determine break frequencies if the same pipes and

conditions were present in nuclear power plants. The largest breaks found for carbon steel were

in pipes greater than 24 inches in diameter. When these were analyzed in the context of nuclear

power plants (over their entire lifetimes), a frequency of .03xlOR0 per year in all US plants. For

stainless steel, the largest break found was between 12-24 inches in diameter. When this was

analyzed in the context of nuclear power plants (over their entire lifetimes), a frequency of

2.95xlO-' per year in all US plants.
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Introduction

At the present time, the Nuclear Regulatory Commission (NRC) is considering an

amendment to Appendix K regarding requirements for nuclear power plants in the United States.

The current requirements represent a deterministic approach to potential power plant

accidents. Under these requirements, a utility must show that the plant can undergo the worst

possible transient under the worst possible conditions and still meet accepted guidelines

concerning the safety of the core, the plant, and the environment/public around the plant.

A criticism of this approach is that the probability of a worst case scenario transient is

very small. The transients that are more likely are smaller in nature. By focusing on-the larger,

worse transients, it is possible to overlook smaller, more frequent ones when doing analysis. In

doing so, plants may not be prepared to adequately respond to smaller accidents.

As a result, the proposed amendment to Appendix K would shift the accident analysis

requirements for a plant from a deterministic approach to a probabilistic one. This would give

more attention to the more frequent accidents and focus less on the extremely rare worst case

scenario incidents.

The purpose of this report is to analyze the inherent assumption in the proposed change

that worst-case scenario transients are extremely unlikely. Since the worst case scenario

involves a large break LOCA, research was done into the likelihood of such an event. Research

was conducted to find cases of large pipe breaks throughout various industries. The data gained

through this research was used to determine a pipe break frequency for various pipe sizes under

various conditions. This calculated frequency was then used to determine how safe the

assumption is that large break LOCA's are infrequent enough to move safety requirements away

from them and instead to focus on smaller, more frequent breaks.

3
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Analysis Approach

Once the data was found using the exhaustive internet search mentioned above, the data

needed to be sorted, normalized, and a failure frequency calculated. The data was first sorted by

either stainless or carbon steel. It was then sorted according to mechanism of failure and then

finally by pipe size. Once the data was sorted by pipe size (as can be seen in Appendices B and

C), the data was normalized by dividing the number of failures in each pipe size bin by the total

number of failures for that type of pipe and reactor class. This is labeled as "Fraction of Total" in

Appendices B and C. To find the frequency per calendar year, the normalized data was divided

by 3390. The number 3390 represents the number of reactor years experience in the United

States (2745 years) as of the end of 2003 divided by an assumed availability factor of the plants

of 0.81 to get calendar years. This frequency is then used to produce the various graphs found in

Appendices B and C. These graphs all have a logarithmic scale attributed to the y-axis in order to

be able to compare the group's data with the data presented by the NRC.

4
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Discussion of Results

From the data found, frequencies for pipe breaks were determined. These frequencies are

in the form of number of breaks per year in the US (nuclear power plants only). These results

are summarized in Table I for carbon steel pipes and Table 2 from stainless steel pipes (sorted

by pipe size).

Carbon Steel Piping
Plant Type Pipe Size # of Failures I Fraction of Total |Frequency per Cal. Yr.

'1"
1-2"

BWR 2-4" Group found no data points for carbon steel piping failures
4-12" in BWR plants
12-24"
>24"

<1 " 0 0.00 O.OOE+00
1-2" 0 0.00 O.OOE+00

PWR 2-4" 2 0.09 2.57E-05
4-12" 7 0.30 8.98E-05
12-24" 7 0.30 8.98E-05
>24" 8 0.35 1.03E-04

<1" 0 0.00 O.OOE+00
1-2" 0 0.00 O.OOE+00

Both 24" 2 0.09 2.57E-05
4-12" 7 0.30 8.98E-05
12-24" 7 0.30 8.98E-05
>24" 8 0.35 1.03E-04

Table 1: Frequencies of breaks in carbon steel

5
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Stainless Steel Piping
Plant Type Pipe Size # of Failures Fraction of Total Frequency per Cal. Yr.

'1_ _ 3 0.50 1.47E-04
1-2' 0 0.00 O.OOE+00

BWR 2-4" 1 0.17 4.92E-05
4-12" 1 0.17 4.92E-05
12-24" 1 0.17 4.92E-05
>24" 0 0.00 O.OOE+00

<1" 0 0.00 O.OOE+00
1-2" 1 0.10 2.95E-05

PWR 2-4" 1 0.10 2.95E-05
4-12" 2 0.20 5.90E-05
12-24" 0 0.00 O.OOE+00
>24" 0 0.00 O.OOE+00

<1" | 3 0.30 8.85E-05
1-2" 1 0.10 2.95E-05

Both 2-4" 2 0.20 5.90E-05
4-12" 3 0.30 8.85E-05
12-24" 1 0.10 2.95E-05
>24" 0 0.00 O.OOE+00

Table 2: Frequencies of breaks in stainless steel pipes

The frequencies of greatest concern are those for the largest pipes. For carbon steel, the

largest breaks were in the >24" bin. When these breaks, which constituted 35% of the carbon

steel breaks found, were analyzed to find a frequency applicable to US nuclear power plants, a

frequency of 1.03x1 4X breaks per year over all us nuclear plants was found (assuming 81%

availability).

For stainless steel, the largest break found was in the 12-24" bin and it constituted 10% of

the stainless steel breaks found. When it was analyzed, it produced a frequency of 2.95xlO 5

breaks per year across all US nuclear plants.

When these frequencies were compared with NRC data, the calculated values were

several orders of magnitude higher than the NCR numbers. The largest breaks found (in the

largest pipes) had break sizes as large as 4-5 feet. The frequencies for breaks per year in the US

found by the NRC were on the magnitude of I0 8 in PWR's and 10-9 in BWR's. The largest

cause for this discrepancy is the source of the data. The NRC numbers are based on nuclear data

6
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and, as such, the pipes being analyzed have higher quality control. Pipes used in nuclear plants

are manufactured, installed, and inspected under higher scrutiny and to smaller tolerances than

pipes in other industries. The data used in this report used pipe breaks from a range of industries

(including, but not limited to, nuclear power). Many of them are from the petrochemical

industry, where pipes are not controlled as well in terms of quality. It is safe to assume that

some of the breaks discovered in research for this report would not have occurred were the pipes

in nuclear power plants instead. As a result, the number from the NRC is likely more correct.

Another source of error in the calculations done for this report is the small number of

breaks considered. Only 34 total breaks were analyzed, 10 of which were stainless steel and 24

of which were carbon steel. There were difficulties in discovering occurrences of breaks in

industry, and the small number found adds large uncertainty to the calculations. Carbon steel

breaks that apply to BWR's in specific were hard to search for, since BWR's employ little to no

carbon steel in the core loop.

7
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Conclusions

While the breaks analyzed are rare, they are not non-existent. The numbers found for this

report indicate that, in any given year, there is approximately a 0.01% chance of a large (>24" in

diameter) carbon steel pipe break in a US nuclear power plant and a 0.003% chance of a large

(12-24" in diameter) stainless steel pipe break in a US nuclear power plant. These numbers are

several orders of magnitude higher than the frequencies determined by the NRC (for the above

reasons), but even then it shows that, while small, such breaks are not impossible. It is still in the

best interest for the industry to account for this small but real chance of a large break in a

primary reactor system, given the ramifications of such an accident.

Another interesting determination made by this investigation is the abundance of

corrosion-induced breaks (failure mechanism is listed for investigated breaks in Appendix A).

Even in stainless steel, corrosion and stress-corrosion cracking account for a majority of all

breaks found. Since this is a primary cause of pipe failures, it is advisable that the NRC and

industry develop better models and inspection/detection methods for these failure mechanisms.

8
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Pipeline Failure Database
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Propect #1

Date Location I Plant Type of Plpe Break or Crack Failure Type Leak/Failure Mechanism Pipe Diameter Wall ThicknessApril 7,2000 Fuel Oil Pipeline near Chalk Point, Maryand Carbon Steel Break buckled and ruptured Fatigue 12.75' 0.203'
August 1999 Savannah Rivera Georgia Carbon Steel Break fish mouth (split on seam) Defects In pipe welds 2 sch 40
August 9, 2004 Mihama-3, Japan Carbon Steel Break rupture Aging and Wear (pipe was 27 I0. 4-years old)
Mardh 9,1985 Trojan Nuclear Plant, Oregon Carbon Steel Break rupture Wear (pipe was 9 years old) / 14- 0.375'

steam line nuptured on a
July 22. 1992 Maine Yankee. Maine Carbon Steel Break rupture Wear I Corrosion 12- moisture separator

______________________________________ __________ ________________________________rehaee

December 14, 2001 Brunsbuttel Nuclear Power Station. Germany Carbon Steel Break rupklre Corrosion 4- 022T'
February 27, 1996 Crude Oil Pipeline near Langbank, Saskatchewan Carbon Steel Break rupture Corrosion I FAC 34- 0.28'
June 10,1999 Gasoline Pipeline near Bellingham, Washington Carbon Steel Break rupture Defects In Pipe Wall 16- 0.31-
July 4, 2002 Crude Oil Pipeline near Cohasset, Minnesota Carbon Steel Break mupture Fatigue along pipe weld 34- 0.312'
March 9, 2000 Gasoline Pipeline near Greenville, Texas Carbon Steel Break rupture Corrosion-Fatigue Caracking 28' 0.281'

anuary 27. 2000 Crude Oil Pipeline near Winchester, Kentucky Carbon Steel Break rupture Fatigue Cracing due 24 0.25'_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ x t e m a l d e f e c t _ _ _ _ _ _ _ _ _

February 9,1999 Diesel Oil Pipeline near Knoxville. Tennessee Carbon Steel Break rupture Corrosion I FAC l0- 0.25'
August 24, 1996 Uquilied Petroleum Gas Pipeline near Uvely, Texas Carbon Steel Break rupture Corrosion / FAC 8B 0.188'
June 26,1996 Fuel Oil Pipeline near Fork Schoals, South Carolina Carbon Steel Break nspture Corrosion I FAC 36' 0.281'
April 21,1997 Fort Calhoun Power Station Carbon Steel Break rupture Flow Accelerated Corrosion 12' .375'
December 9, 1986 Surny Power Station, Virginia Carbon Steel Break rupture (catastrophIc, 360') WearI FAC 18' 0.5

September 2001 Japan Carbon Steel Break nrpture (double-ended break) Radiolysis Gas Reaction 6' 0.4'

November 3. 1983 Heiss Damf Reactor, West Germany Carbon Steel Break ruptu (double-nded Fatigue 8'
_ _ _ _ _ _ _ _ _ _ g u illo tin e )_ _ _ _ _ _ _ _ _

August 19, 2000 Natural Gas Pipeline near Carlsbad, New Mexico Carbon Steel Break upture and explosion Corrosion I FAC 30' 0.335'
November 5,1996 Diesel Oil PipelIne near Murfreesboro. Tennessee Carbon Steel Break orpturessuzti Overpressurtzatlon 8- 0.188-

March 30,1998 Gasoline Pipeline near Sandy Springs. Georgia Carbon Steel Crack crack; circumferential buckle Extemal Pressure 40' 0.344'and subsequent crack

cracks found in welds Joining
November 14, 2004 Ikata 1 Reactor, Japan Carbon Steel Crack a stainless steel pipe to a Defects in Pipe Welds 35' 3.1S'

carbon sleel nozzle

November 1999 Brunsbuttel Nuclear Power Station, Germany Carbon Steel Crack cracumeIntiai Internal Pressure 2- sch 40
1992 Savannah River, Georgia Carbon Steel Crack holes Corrosion I FAC 8a a hole In the discharge line_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _o f a p u m p
July 1, 1999 AilledSignal Metropols Works Facility Stainless Steel Break Chemical Attack .5- ofe _____October 17th, 1989 San Jose Stainless Steel Break Earthquake 3-
October 17th, 1989 San Jose Stainless Steel Break Earthquake 10'
December 7,1984 Pilgrim Nuclear Power Station Stainless Steel Crack 7 through-wall cracks Chioride-induced SCC 1-

Chemobyl 3, Leningrad 3. Ignallna Power Station Stainless Steel Crack Several cracks, not all t SCC 11.8' .60'
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 'w a y th ro u g h p ip e w a ll

Several ndications of
July 27, 1984 Peach Bottom 2 Stainless Steel Crack Cracks (1/8 deep, not all the SCC 12' .83'

__ way through wali)

Chlorde Induced trans-
October 10, 1994 River Bend Power Station Stainless Steel CrackLAeak granularSCC 4-
February9, 2005 SouthTexas Proce, Unit2 Stainless Steel Leak Weld Failure _'1I.
October 17th, 1989 San Jose Stainless Steel Leak Earthquake 4-
March 14, 1992 Palo Verde LnI 2 Stalniess Steel Break Rupture I_<1-

I
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P"oed #1

Date Location I Plant Operating Pressure Fluid Type Length I Size Wall Thickness at Failure
April 7,2000 Fuel Oil Pipeline near Chalk Point, Maryland Fuel Oil 6.5 Inches
August 1999 Savannah Piver, Georgia 3000 psi Water 2.5 Inches 120 of sch 40
August 9.2004 Mihama-3, Japan 800 psi Steam 24 inches 0.055 Inches

March 9. 1985 Trojan Nudear Plant. Oregon 450 psi Water 0.1 Inches

July 22, 1992 Maine Yankee. Maine Steam

December 14, 2001 Brunsbuttel Nucear Power Station, Germany Water 360v
February 2T, 1996 Crude Oil Pipeline near Langbank, Saskatchewan 650 psi Crude Oil 5.8 ft 0.28 inches
June 10, 1999 Gasoline Pipeline near Beliingham, Washington 1433 psi Gasoline 27 Inches 0.24 Inches
July 4, 2002 Crude Oil Pipeline near Cohasset, Minnesota 526 psi Crude Oil 69 inches 0.312 Inches
March 9,2000 Gasoline Pipeline near Greenville, Texas 705 psi Gasoline 50.5 Inches

January 27, 2000 Crude Oil Pipeline near Winchesier, Kentucky 606 psi Crude Oil 40 inches 0.025 inches
February 9, 1999 Diesel Oil Pipeline near Knoxville. Tennessee 91 psi Diesel Oil 360v 0.13 Inches
August 24, 1996 Uquilied Petroleum Gas Pipeline near Uvely, Texas 1448 psi Liquid Butane 12.5 inches 0 inches
June 26, 1996 Fuel Oil Pipeline near Fork Schoals, South Carolina 374 psi Fuel Oil 34 Inches 0.069 Inches
April 21, 1997 Fort Calhoun Power Station 300 psig steam 6 s_ _ ft B y___X
December 9, 1986 Sury Power Station. Virginia 450 psi Water 360 005 inches

September 2001 Japan 800 psiSteam

November 3, 1983 Heiss Damf Reactor, West Germany Water 114 original thicness
August 19,2000 Natural Gas Pipeline near Carlsbad, New Mexico 675 psi Natural Gas
November 5, 1990 Diesel Oi Pipeline near Murkreesboro, Tennessee 1820 psi Diesel Oil

March 30,1998 Gasoline Pipeline near Sandy Springs, Georgia 384 psi Gasoline 6 Inches

Crack A -0.2 Inches
November 14, 2004 Ikat 1 Reactor, Japan Water Crack B -0.16 3.15 Inches

Inches

November 1999 Bnunsbuttel Nuclear Power Station, Germany Water

1992 Savannah River, Georgia Water
July 1. 1999 AlliedSignal Metropolis Works Faility 3 psla Flourine
October 17th, 1989 San Jose Water
October 17th, 1989 San Jose Water
December 7,1984 Pilgrim Nuclear Power Station aim Water

Chemobyl 3, Leningrad 3, Ignallna Power Station Water 9.84 Long, .47 .60
-deep

July 27,1984 Peach Bottom 2 Water .25;..- tong.18- .88
deep

October 10, 1994 River Bend Power Station
February 9, 2005 South Texas Project, Unit 2
October 1Ith, 1989 San Jose Water
March 14,1992 Palo VerdeUnit2

2
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Appendix A
pr"ect #1

Date Location I Plant Website . __
AprIl 7, 2000 Fuel Oil Pipeline near Chalk Point, Maryland htlo hlwww.ntsb.qovtxubiictnf2002/PAR0201 .pd_
August 1999 Savannah River, Georgia

AUgUSt 9, 2004 Mlhama-3, Japan WW.eh doe oovtlaa/oesummarv/oestwmmarv2004/oe2004-16 odf and ww.nrc.aovreadIna-rmVdoc-
rotletonstnur eos/staff/srOt9331secXt13'trt.hMmi

March 9. 1985 Trofan Nuclear Plant. Oregon v.wweh doemov/Daaloesumnmarv/oesu 1marv2004/oe20046.odf and www.nrc.oov/readinoarrmdoc-
rollecontnurf eassta r0933/secI9 html _

July 22. 1992 Maine Yankee, Maine vwwwehdoe oovlnaaloesummarvloesummarv2004/oe2004-16 od.

December 14, 2001 Brunsbuttel Nuclear Power Station, Germany
February 27, 1996 Crude Oil Pipeline near Langbank, Saskatchewan hnD e/hwwvt Itc ca.en/reds/Othe/122 9hOOOa__/D__h___.as_
June 10, 1 99 Gasoline Pipeline near Bellingham, Washington _.n ovI 20 PAR020_ _ _ _

July 4, 2002 Crude Oil Pipeline near Cohasset, Minnesota nt v:/wntst n.ov/ ilctnI2004.PAR040n1.pdf =

March 9. 2000 Gasoline Pipeline near Greenville, Texas hto:/Mvvw.ntsho.ovloubllctn/2001/PAB0103.odr

January 27. 2000 Crude Oil Pipeline near Winchester. Kentucky htto:Avww.ntsb.oovlovublicV200l/PAB0102.cdf

Febxuary 9.1999 Diesel Oil Pipeline near Knoxville. Tennessee bftQJIwww.n st Iov/publict /2001 MA 1 I.-
August 24,1996 Uquified Petroleum Gas Pipeline near Uvely, Texas ,tD /hw",ntsb. ovI btIctn1998/PAR9802__Ddt =
June 26,1996 Fuel Oil Pipeline near Fork Schoals, South Carolina htlt /tvwwntsb Iov I Icn/l998/PAR9801. df

Aprl 21,19.7 Fort Calhoun Power Station htt__/____eo_/readin__rniVdoc-colectionstoer-comfinfo-notcestgg7fin97O84 Mmt

December 9. 19B6 Surry Power Station. Virginia 2AMleh.doe.aovloaa/oesummarvtoesummarv2004foe2004-16.)di and wwwnrc.gov~readirKFrVdoc-
. dcolecttonstnujreosfstatr/srQ933tsec3rt39Nt itt

September 2001 Japan

November 3. 1983 Helss Dam1 Reactor, West Germany

August 19, 2000 Natural Gas Pipeline near Carisbad, New Mexico wwwv ntsb.aovIoubilctnr2003IPAR030l .rxt =_

November 5.1996 Diesel Oil Pipeline near Murireesboro. Tennessee htto:IMyww ntsb.oovoubIdctnt1999/PA89903 odd

March 30, 1998 Gasoline Pipefine near Sandy Springs, Georgia httDo/Iwww.ntsb.oovtiublictn/t99IPAB990t .odf

November 14, 2004 Ikata I Reactor, Japan httolocnic iofenollsM~ewsletlertnitl4t/nit104artidestnitI04ikata.tptml

November 1999 Brunsbuttel Nuclear Power Station. Germany

1992 Savannah River, Georgia wwweh doeeoovloaaloesummarvtoesummarv2OO4loe2OO4-.16 odi

July 1, 1999 AliedSignal Metropolis Works Facility MtlI lty^nrc. ovt acinQrmdoo dlecl onslevent-sla sono}1999/19 702mr htmri _
October 17th, 1989 San Jose Loma Prieta Earthquake pipe database
October 17th, 1989 San Jose Loma PrIeta Earthquake pipe database
December 7,1984 PilgrIm Nuclear Power Station httolvwwnr roy/readinq rndoco1lections/nen-commtnfo-notices/i985n85034.html

Chernobyl 3, Leningrad 3. Ignalina Power Station httoP/64 233 17 9.I1 04/search?o=cache:t)c3ta-3NYSYJw~w eurosate-
foru__.oriDs__df/eu__2 1 6 laea oroaramme mitigati.onivd+staniress+steel+ ilina+iradwe+acident

July 27, 1984 Peach Bottom 2 htto:/tMww.nrc~oov/readinc-mnVdoc-collectlonslgen-commrinflo-notices/1984fin84O89.htrm

October 10, 1994 River Bend Power Station httD:i /Vw nrc oovtreadino-m/doc-collections/event-status/oart2itt995/1995012.ht__
reuruary u. tu I Zsouu Iexas raleCl. untT Z
October 17th, 1989 TSan Jose
March 14,1992 Palo Verde Unit 2

- - l l l

IV5UMtne E -j-us m I I__ __ I
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Appendix B

Carbon Steel Pipe Failures -
Table and Failure Frequency Graphs
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Appendix B
Project #1

. .. . . . . , . _

1-2"
2-4"

4-12"
12-24"
>24"

Group found no data points for carbon steel piping failures in
BWR plants

- .

5% Mean 95%
2.3E-05 5.1 E-04 1.9E-03
1.8E-06 _1.2E-04 4.7E-04
2.4E-07 2.1 E-05 8.OE-05
5.7E-08 6.6E-06 2.5E-05
1.OE-08 2.4E-06 6.9E-06 0

3.5E-11 2.5E-09 9.5E-09

3.OE-04 2.1 E-03 7.5E-03
4.9E-06 2.5E-04 9.3E-04
3.1 E-07 1.8E-05 7.OE-05
6.OE-08 2.5E-06 9.6E-06
9.3E-10 6.1 E-08 2.4E-07
1.OE-10 4.6E-08 1.7E-07

- _r-'s .' - -

,- -,-. i-. ., , - i;r! � - .11 , 111�� --il'AV �v`.',: (I i I, � Oi�'.. , , 1 $ . *�� Ir., 11zl- -�' , ..

01" 0.00 O.OOE+00
1-2" 0 0.00 O.OOE+0O
2-4" 2 0.09 2.57E-05

4-12" 7 0.30 8.98E-05
12-24' 7 0.30 8.98E-05
>24" 8 0.35 1.03E-04

. 1" 0 0.00 O.OOE+00
1-2" 0 0.00 O.OOE+00
2-4" 2 0.09 2.57E-05

4-12" 7 0.30 8.98E-05
12-24" 7 0.30 8.98E-05

- I - -

Both

>24" 8 0.35 1.03E-04

Note: The data for pipeline failures in the database is included under PWR's
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Appendix B

Failure Frequencies for BWR and PWR (Carbon Steel)

Project #1
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Appendix B

PWR Failure Frequencies (Carbon Steel)

Project #1
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Appendix C

Stainless Steel Pipe Failures -
Table and Failure Frequency Graphs
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hlUeS'

I u. 1
1-2" 0 0.

4---
2-4" 1 0.17

4-12" 1 0.17 4.92E-05
12-24" 1 0.17 4.92E-05
>24" 0 0.00 _ O.OOE+00

<1. 0 0.00 O.OOE+00
1-2" 1 0.10 2.95E-05
2-4" 1 0.10 2.95E-05

4-12" 2 0.20 5.90E-05
12-24" 0 0.00 O.OOE+00

5% Mean 95%
2.3E-05 5.1E-04 1.9E-03
1.8E-06 1.2E-04 4.7E-04
2.4E-07 2.1 E-05 8.OE-05
5.7E-08 6.6E-06 2.5E-05
1.OE-08 2.4E-06 6.9E-06 o0
3.5E-1 1 2.5E-09 9.5E-09 fn

3.OE-04 2.1E-03 7.5E-03 o
4.9E-06 2.5E-04 9.3E-04 C
3.1 E-07 1.8E-05 7.OE-05
6.OE-08 2.5E-06 9.6E-06
9.3E-10 6. E-08 2.4E-07
1.OE-10 4.6E-08 1.7E-07

.3k,; t~o'* l

>24" 0 0.00 O.OOE+00
,.,,,%,,'5 , 3 t

c1. 3 0.30 8.85E-05
1 -2" 0.10 2.95E-05

Both 2-4' 2 0.20 5.90E-05
4-12' 3 0.30 8.85E-05
12-24' 1 0.10 2.95E-OS

1>24" O 0.00 i O.OOE+OO-
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Failure Frequencies for BWR and PWR (Stainless Steel)
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BWR Failure Frequencies (Stainless Steel)
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1.0 Introduction
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2.0 Discussion
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3.0 Analvsis and Results
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Stainless Steel Failures
Pipe Size No. of Failure

Rags Failures Failure Fraction FrequencV
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0 1 39 0.2422 7.146E-05
1 2 25 0.1553 4.581E-05
2 4 13 0.0807 2.382E-05
4 10 40 0.2484 7.329E-05

10 + 4_4 0.2733 8.062E-05

Table 3.3: NRC Pipe Failure Frequencies by Reactor Type
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Table 3.4: Carbon Steel Failure Frequencies vs. Pipe Size

Carbon Steel Failures

Pipe Size No. of Failure
Ranges Falues Failure Fraction Fruec

IIn.) Failures___ _____ ____ ___

0 1 32 0.5246 1.547E-04
1 2 4 0.0656 r 1.934E-05
2 41 4 0.0656 1.934E-05
4 10 8 0.1311 3.869E-05

10 + 13 0.2131 6.287E-05
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Figure 3.2: Carbon Steel Failure Frequencies vs. Pipe Size
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Table 3.5: Stainless Steel and Carbon Steel Failure Frequencies vs. Pipe Size

SS + CS Failures
Pipe Size No. of Failure
Ranes F- o Failure Fraction Frequency

(in.) Failures__ Frequency___

0 1 I 71 0.3198 9.434E405
1 2 29 0.1306 3.853E-05
2 4 17 0.0766 | 2.259E-05
4 10 48 0.2162 6.378E-05

10 + 57 0.2568 7.574E-05 l
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The data was compiled in an Excel 2003 spreadsheet by pipe size and pipe material. The

compilation resulted in 5 different pipe size bins for each material type (carbon and

stainless steel). The respective pipe size bins were divided into less than 1 inch, 1 inch to

2 inches, 2 inches to 4 inches, 4 inches to 10 inches, and greater than 10 inches.

The next step was to then normalize the data. The data was normalized by determining a

failure fraction for each bin size. This was determined by taking the number of failures

for each bin and then dividing by the total number of failures in the pipe material.

Example: pipe bin 1 for carbon steel / CS failures = pipe bin 1 for CS failure fraction.

The next step was to calculate failure frequencies for carbon steel pipes only, stainless

steel pipes only, and carbon and stainless steel pipes combined. This was determined by

taking the failure fractions and dividing by 3390 calendar years. 3390 calendar years

represents the total time of reactor operation through 2003.

Once the failure frequencies were determined, they were then plotted against the failure

frequencies determined by the NRC, which are listed in 10 CFR50.46. The resulting

figure (Figure 3) is provided below. Note that the pipe sizes are listed by bin numbers in

Figure 3 (i.e. bin 1 encompasses all pipe sizes smaller than 1 inch in diameter).



Figure 3: Failure Frequencies vs. Pipe Size
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Executive Summarv

Currently the Nuclear Regulatory Commission (NRC) is contemplating changing the acceptance
criteria for Emergency Core Cooling Systems (ECCS) for light-water nuclear power reactors
contained in NRC Regulation 10 CFR 50.46. This regulation sets specific numerical acceptance
criteria for peak cladding temperature, clad oxidation, total hydrogen generation, and core
cooling under loss-of-coolant accident (LOCA) situations. Furthermnore, the regulation requires
that a spectrum of break sizes and locations be analyzed to determine the most severe case and to
ensure the plant design can meet the acceptance criteria under such conditions.

Currently the regulation states that breaks of pipes in the reactor coolant pressure boundary up to,
and including, a break equivalent in size to the double-ended rupture of the largest pipe in the
reactor coolant system must be considered. While this restricts the design, it maintains a large
safety margin ensuring the plant is covered under all LOCA situations. However, an impetus for
change has resulted from materials research, analysis, and experience that indicate that the
catastrophic rupture of a limiting size pipe at a nuclear power plant is a very low probability
event.

If approved, the proposed change would divide the break spectrum into two categories based
upon the likelihood of a break. Breaks of higher likelihood, breaks smaller than 10 inches,
would need to meet the current requirements set forth in 10 CFR 50.46. Breaks of a lower
likelihood, those larger than 10 inches, would only need to meet the requirements of maintaining
a coolable geometry and having the capability for long term cooling.

The purpose of this project was to collect data on instances of pipe failures including cracks,
leaks, and ruptures. For each instance of failure the plant type, pipe diameter, type of pipe,
failure mechanism, and type of failure was recorded. The data was then collapsed based on plant
type (PWR or BWR), type of pipe (carbon or stainless steel), pipe size, and failure mechanism.
Then, normalized failure frequencies were calculated as a function of both pipe size and failure
mechanism per reactor year. Plots of the frequency distributions were generated on a semi-log
scale, and the frequency distributions as a function of pipe size were compared to the NRC
predicted failure frequencies.

For this project our group collected two, independent sets of data. The first set was provided by
the OECD Pipe Failure Data Exchange Project (OPDE), with a total of 2891 data points. The
second set consists of 67 data points collected by our group from various sources. The two sets
of data were not combined due to the lack of information accompanying the data presented in the
OPDE database, such as plant name or exact failure size. This made it impossible to identify
overlapping coverage and combine the information. Rather, within this report we have analyzed
each data set individually in order to make an overall comparison of the trends observed for each
data set and the NRC predictions.

The results from both the OPDE and the independent sets of data detailed in this report do not
support the NRC's assertion that larger sized pipes do not break frequently enough to be used as
design criteria. The overall trends of both sets of data show that the frequency of failures does
not decrease as sharply with increasing pipe size as the NRC predicts.
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1.0 Detailed Introduction of Problem

In order to ensure the safety of nuclear plants the cooling performance of the Emergency Core
Cooling System (ECCS) must be calculated in accordance with an acceptable evaluation model,
and must be calculated for a number of postulated loss-of-coolant accidents (LOCA) resulting
from pipe breaks of different sizes, locations, and other properties. This is done to provide
sufficient assurance that a plant can handle even the most severe postulated LOCA. LOCA's are
hypothetical accidents that would result from the loss of reactor coolant, at a rate in excess of the
capability of the reactor coolant makeup system. Currently, the evaluation criteria for these
types of accidents state that pipe breaks in the reactor coolant pressure boundary up to and
including a break equivalent in size to the double-ended rupture of the largest pipe in the reactor
coolant system must be considered. In the case of such an event the NRC has set forth the
following criteria that must be met for a design to be considered acceptable [37]:

a. Peak cladding temperature must not exceed 22000 F.

b. Maximum cladding oxidation must not exceed 0.17 times the total cladding
thickness before oxidation.

c. Maximum hydrogen generation. The calculated total amount of hydrogen
generated from the chemical reaction of the cladding with water or steam shall not
exceed 0.01 times the hypothetical amount that would be generated if all of the
metal in the cladding cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react.

d. A coolable geometry of the core must be maintained.

e. After any calculated successful initial operation of the ECCS, the calculated core
temperature shall be maintained at an acceptably low value and decay heat shall
be removed for the extended period of time required by the long-lived
radioactivity remaining in the core.

While requiring that all plants be analyzed in the case of a double-ended guillotine break of the
largest pipe restricts the design, it does maintain a large safety margin ensuring the plant is
covered in all pipe break situations. However, an impetus for change has resulted from materials
research, analysis, and experience which indicate that the catastrophic rupture of a large pipe at a
nuclear power plant is a very low probability event. The hypothesis that is currently being set
forth is that small pipes break more frequently than large pipes. The criteria would change so
that the NRC would refocus their analysis efforts because they want to make sure that the
appropriate amount of time and money are being invested in the areas of most concern.

Furthermore, risk analyses indicate that large break LOCA's are not significant contributors to
plant risk. According to a presentation given by Dr. Brian Sheron of the NRC at Penn State in
the Fall 2004, "using the double ended break of the largest pipe in the reactor coolant system as
the design basis for the plant results in ECCS equipment requirements which are inconsistent
with risk insights and places an unwarranted emphasis and resource expenditure on low risk
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contributors. This also places constraints on operations which are unnecessary from a public
health and safety perspective." Therefore, the proposed rule change would use the pipe size with
the largest break frequency as the design basis for pipe rupture and accident analysis of the plant.
A pipe size with a 10 inch diameter is currently being suggested. [37]

The proposed change would divide the break spectrum into two categories based upon the
likelihood of a break. Breaks of higher likelihood, or those smaller than 10 inches, would need
to meet the current requirements set forth in 10 CFR 50.46. These include criteria (a) through (e)
above. On the other hand, breaks of a lower likelihood, or those larger than 10 inches up to and
including a double-ended guillotine break of the largest pipe in the reactor coolant system, would
only need to meet the requirements of maintaining a coolable geometry and having the capability
for long term cooling. Thus, criteria (a), (b), and (c) would be eliminated for these cases. [37]

The purpose of this project was to collect data on instances of pipe breaks, leaks, and cracking.
These failures included pipe failures from broken pipes either by splits, ruptures, or guillotines,
and cracks in pipes, either circumferential or length wise. For each instance found the plant type,
pipe diameter, type of pipe, failure mechanism, and type of failure was recorded. Only stainless
steel and carbon steel pipes were considered. Then, normalized failure frequency distributions
were developed and compared to NRC predictions.

The predicted NRC failure frequencies were taken from Table 3 on page 14 of 10 CFR 50.46,
LOCA Frequency Development [38]. This table is replicated below.

Table 1-1. NRC Total Preliminary BWR and PWR Frequencies.
Plant Effective CU nt Day Estimates (per ca . yr)
Type Break Size 5% Median Mean 95%
_________ (inches) _ _ _ _ _ _ _ _

1/2 3.OE-05 2.2E-04 4.7E-04 l.7E-03
1 7/8 2.2E-06 4.3E-05 1.3E-04 5.OE-04

BWR 3 1/4 2.7E-07 5.7E-06 2.4E-05 9.4E-05
X 7 6.6E-08 1.4E-06 6.OE-06 2.3E-05

18 1.5E-08 1.1 E-07 2.2E-06 6.3E-06
41 3.5E-11 8.5E-10 2.3E-06 8.6E-09
1/2 7.3E-04 3.7E-03 6.3E-03 2.OE-02

1 7/8 6.9E-06 9.9E-05 2.3E-04 8.5E-04
3 1/4 1.6E-07 4.9E-06 1.6E-05 6.2E-05

PWR LIE-08 6.3E-07 2.3E-06 8.8E-06
18 5.7E-10 7.5E-09 3.9E-08 1.5E-07
41 4.2E-1 I 1.4E-09 2.3E-08 7.OE-08
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2.0 Data Collected

For this project our group collected two, independent sets of data. The first set was provided by
the OECD Pipe Failure Data Exchange Project (OPDE), with a total of 2891 data points. The
second set consists of 67 data points collected by our group from various sources listed as
references in this report. The two sets of data were not combined due to the lack of information
accompanying the data presented in the OPDE database, such as plant name and exact failure
size, which made identifying overlapping coverage impossible. Rather, within this report each
data set was individually analyzed in order to make an overall comparison of the trends observed
for each data set and the NRC predictions.

OECD Pipe Failure Data Exchange Project [3]

OECD Pipe Failure Data Exchange Project (OPDE) was established in 2002 as an
international forum for the exchange of pipe failure information. It is a 3-year project
with participants from twelve countries, including Belgium, Canada, Czech Republic,
Finland, France, Germany, Japan, Republic of Korea, Spain, Sweden, Switzerland and
the United States. "The objective of OPDE is to establish a well structured,
comprehensive database on pipe failure events and to make the database available to
project member organizations that provide data." [3] The OPDE database evolved from
what existed in the "SLAP database" at the end of 1998 [2].

OPDE covers piping in primary-side and secondary-side process systems, standby safety
systems, auxiliary systems, containment systems, support systems and fire protection
systems. Furthermore, ASME Code Class 1 through 3 and non-Code piping has been
considered. At the end of 2003, the OPDE database included approximately 4,400
records on pipe failure. The database also includes an additional 450 records on water
hammer events where the structural integrity of piping was challenged but did not fail.

Access to the actual OPDE database is restricted to organizations providing input data.
However, a "OPDE-Light" version of the database will be made available later this year
to non-member organizations contracted by a project member to perform work or which
pipe failure data is needed. This version will not include proprietary data, such as the
exact pipe diameter, where failure occurred, and preclude any plant identities or dates.
Our group was fortunate enough to get a copy of this "light" version of the database for
BWR and PWR pipe failures reported as of February 24, 2005. A total of 2891 failures
(1536 for PWR plants and 1355 for BWR plants) were provided in this database, and
considered for this project.

The database listed the plant type, reactor system, apparent cause of failure, pipe size
group, number of total failures for each cause and pipe size group, and then a break down
of the type of failure within the category. An excerpt from the OPDE-Light database has
been provided for clarification in Table 2-1 on the following page. The database, in its
entirety, has been included in Appendix A of this report.
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However, there are a few problems with this database related to the purpose of this
project. First, since the database did not provide the type of pipe (carbon or stainless) for
each failure, a reasonable prediction of what type of pipe was involved in the failure
based on the plant system, which was given, was made. The type of pipe assumed for
each system is also given in the following page in Table 2-2.

Additionally, as previously mentioned, no explicit pipe diameters were given for each
failure due to the proprietary nature of this information. Rather, the failures were
collected into group sizes before it was sent out. A total of six group sizes were utilized
by OPDE. The range of pipe diameters that comprise each group is given in Table 2-3.
The main problem with these groupings, and the database in general, is that pipes larger
than 10 inches in diameter are all grouped together and there is no way of determining
how much larger than 10 inches they actually were. Finally, for the purpose of this
analysis any crack, leak, or issue (i.e. wall thinning) with the pipe was considered to be a
failure. However, the OPDE database lists the information by type of failure. The
definitions of each failure type have been included in Table 2-4.

Independently Collected Data [5-36]

For the purpose of this project our group collected separate information on instances of
piping failures and their causes. The information was collected primarily from Nuclear
Regulatory Commission (NRC) bulletins, information notices, event reports, and generic
letters. Our group was able to compile a total of 67 instances of piping failures. This
database is provided in Appendix B. While our database is much smaller than the one
compiled by the OECD Pipe Failure Exchange Project, it provides an independent check
of the trends observed by that database.

A list of references is provided at the end of this report, and some of the actual
references, printed from the NRC website, have been included in Appendix D.
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Table 2-1. xcerpt from "0PDELght" Database

PLAN PIE SYTEMPIPE SIZE TOTAL NO. Crack- Crack-Deoain Large La P/H-I RpueSeeac-Sal Wl
YPNET TYPE SYSTEM APPARENT CAUSE GROUP OF RECORDS Full Part Leak Leak Lture Severance eak thinning

BWR SS RAS Severe overloading 2 3 1 2
BWR SS RCPB external damage 3 I I
BWR SS RCPB Severe Overloading 4 = = =
BWR SS SIR Severe overloading 6 . I _____

BWR CS STEAM Water Hammer 6 . I _

BWR SS RCPB HF:Welding Error 3 7 1 ._ I 4
BWR SS RAS TGSCC - Transgranular SCC 2 7 1 I _ 4
BWR SS SIR IGSCC - Intergranular SCC 4 4 1 2
DWR SS RAS IGSCC - Intergranular SCC 4 56 1 32 9 I 13
BWR SS SIR 0 1 I .
BWR SS RCPB TGSCC -Transgranular SCC I I I .__
BWR SS SIR IGSCC - Intergranular SCC 2 3 I I I
BWR SS RCPB Overpressurization 4 2 I . _ .
BWR CS AUXC Vibration-Fatigue 5 I i I _

Table 2-2. Description of Plant Systems and Type of Pipi g
Plant Group Representative Plant System Names Type of Piping

AUXC Service Water Systems, Raw Water Cooling Systems Carbon
CS Containment Spray System Stainless

EH4C Electro-Hydraulic Control System Carbon
EPS Emergency Diesel Generator System Stainless
FPS Fire Protection System Carbon
FWC Feedwater & Condensate Systems Stainless

IA-SA Instrument Air & Service Air Systems Carbon
PCs Power Conversion Systems (incl. Steam Extraction Carbon
PCS________ Lines, Heater Drain Lines, etc.)

RAS Reactor Auxiliary Systems (incl., CVCS, RWCU, Stainless
________CCWS, CRD)

RCPB Reactor Coolant Pressure Boundary Stainless
SG Steam Generator Systems (e.g., S/G Blowdown System) Carbon
SIR Safety Injection & Recirculation Systems Stainless

STEAM Main Steam (from nuclear boiler/steam generator up to Carbonturbine steam admission)
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Table 2-3. Definition of OPDE Pipe Size Grou ps.
Pipe Size Corresponding Corresponding

ape IPipe Diameters Pipe DiametersGroup (mm) (inches)

I DN<15 DN<0.6
2 15 <DN<25 0.6<DN< 1.0
3 25 < DN < 50 I.0 < DN < 2.0
4 50<DN<100 2.0<DN<4.0
5 100<DN<250 4.0<DN< 10.0
6 DN>250 DN> 10.0

Table 24. OPDE Pipe Failure Definitions.
Type Description
Crack - Part Part through-wall crack (- 10% of wall thickness)

Crack - Full Through-wall but no active leakage; leakage may be detected given a plant mode
change involving cooldown and depressurization.

Wall Thinning Internal pipe wall thinning due to flow accelerated corrosion - FAC
Small Leak Leak rate within Technical Specification limits

Pinhole Leak Differs from "small leak" only in terms of the geometry of the throughwall defect
and the underlying degradation or damage mechanism

Large Leak Leak rate in excess of Technical Specification limits but within the makeup
capability of safety injection systems

Severance Full circumferential crack - caused by external impact/force, including high-cycle
Severance______mechanical fatigue - limited to small-diameter piping, typically

Large flow rate and major, sudden loss of structural integrity. Invariably caused
Rupture by influences of a degradation mechanism (e.g., FAC) in combination with a

severe overload condition (e.g., water hammer)



3.0 Collapsine and Analvzing the Collected Data

The next important step in this analysis was collapsing the collected information into a usable
form by specifying pipe size groups and failure mechanisms. The data was broken into separate
bins based on plant type (PWR or BWR), pipe type (carbon or stainless), failure mechanism, and
pipe size. Table 3-1 below lists the pipe diameters included in each bin for this analysis.

Table 3-1. Definition of Pipe Size Gr ups.
OPDE Pipe Corresponding Pipe
Size Groups Diameters (inches)

1+2 0.0-1.0
3 1.0-2.0
4 2.04.0
5 4.0-10.0
6 >10.0

Note: This grouping of piping diameters includes one less bin than used by the OPDE database.
Combination of the data from groups 1 and 2 of the OPDE database allowed the bin sizes to
correspond more readily with those used by the NRC for listing predicted failure frequencies,
taken from page 14 of 10 CFR 50.46, LOCA Frequency Development. The categories used for
the NRC predicted failure frequencies are given in Table 3-2. [38]

Table 3-2. Definition of NRC LOCA Groups.
LOCA Effective Break

Category Size (inches)

_ _ 1/2

2 1 7/8
3 3 1/4
4 7
5 18
6 41

It can be seen that for LOCA categories 1 though 5 the effective break sizes fall within the
ranges listed for the pipe size groups, after pipe size groups 1 and 2 from the OPDE database
were combined. LOCA category 6 was not considered in this analysis since the OPDE database
did not provide specific information for pipes larger than 10 inches. The effect of this on the
results will be discussed later in this report.

After collapsing the data based on pipe size, the data was then collapsed further by combining
some of the failure mechanisms. The following is a list of the failure mechanisms that are used
to group the data. Several items have been placed into general categories for simplification
purposes.
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1. Corrosion
2. Flow Accelerated Corrosion (FAC)
3. Microbiological Induced Corrosion (MIC)
4. Erosion
5. Fatigue

a. Thermal Fatigue
b. Vibration Fatigue

6. Human Factors (already combined in the OPDE database)
a. Welding Error
b. Fabrication Error
c. Human Error

7. Mechanical Failures
a. Excessive Vibration
b. Overpressurization
c. Overstressed
d. Severe Overloading

8. Stress Corrosion Cracking
9. Water Hammer
10. Miscellaneous

a. Brittle Fracture
b. Cavitation
c. External Damage
d. Fretting
e. Freezing
f. Hot Cracking
g. Hydrogen Embrittlement
h. Unreported

After collapsing the data, it needed to be normalized so that failure frequency distributions could
be calculated. Failure frequencies were calculated in for carbon steel pipes, stainless steel pipes,
and a composite (both carbon and stainless) pipes as a function of both pipe group size and
failure mechanism, separately for PWR and BWR plants.

The number of failures in each bin was normalized by dividing by the total number of failures.
This gives the fraction of failures for each bin size. For example, when looking at carbon steel
pipes in BWRs the number of failures in each pipe group size, regardless of failure mechanism,
was divided by the total number of pipe failures (carbon + stainless) in BWRs. Similarly, the
number of pipe failures in each failure mechanism bin, regardless of pipe size, was divided by
the total number of pipe failures in BWRs.

Then, after normalizing the data, the fractional size in each bin was divided by 3390 calendar
years of operation. This gives a failure frequency in 1/calander-years for each bin size. The
number 3390 represents the number of reactor years experience in the US (2745 years) as of the
end of 2003; divided by an assumed availability factor of 0.81 to get calendar years.
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The normalization by pipe size (regardless of failure mechanism) and failure mechanism
(regardless of pipe size) was repeated for BWR stainless steel failures, BWR composite failures,
PWR carbon failures, PWR stainless steel failures, PWR composite failures, total carbon steel
failures, total stainless steel failures, and total composite failures for a total of nine situations
analyzed and a total of eighteen frequency distributions developed (nine as a function of pipe
size and nine as a function of failure mechanism).

Finally, the frequency distributions developed were based both on pipe size and failure
mechanisms for the different types of pipes had to be plotted against the NRC's predicted
frequencies. Semi-log plots of failure frequency as a function of pipe group size were used.

OPDE Database

In order to use this database it had to be collapsed into a more useful form. First, after
determining the type of pipe associated with each system, the plant system was no longer
taken into consideration. Next, for the purpose of this project any type of failure (i.e.
crack, rupture, wall thinning) was considered to be a pipe failure. Furthermore, as shown
above several causes of failure were combined together into one failure mechanism
category. The collapsed form of this database is provided in Appendix C.

Independent Database

There were 67 incidents recorded, which in the end did not provide enough data points in
each bin to come up with a good normalized frequency distribution. When the data was
sorted on plant type, then pipe material and finally on pipe size, various bins of pipe sizes
had zero incidents. Appendix B is a listing of all of the incidents which were found. This
listing is sorted on plant type, pipe material, and finally on pipe size. The highlighted
incidents throughout the appendix represent incidents for which not enough information
was given in the source to include this data in our analysis.

Failure mechanism plots were not made due to the lack of variety in failure mechanisms.
The majority of the failure mechanisms were erosion/corrosion and stress corrosion
cracking.
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4.0 Results and Comnarisons

4.1 Pipe Failures as afunction of Pipe Size from OPDE Data

This section of the report examines the results of pipe failures as a function of pipe size.
Normalized failure frequencies for carbon steel, stainless steel, and composite (carbon and'
stainless) pipes are presented individually for PWRs and BWRs. The NRC has developed their
own failure frequencies for PWR and BWR plants as function of pipe size, but does not have
separate frequencies for carbon and stainless steel pipes.

Table 4.1-1 lists the normalized failure frequencies for both PWR and BWR plants, regardless of
pipe type, calculated from the OPDE database data and the NRC mean predictions [38].

Table 4.1-1. OPDE Calculated, and NRC Predicted, Normalized
Failure Freauencies (1/cal-vrs).

Plant Pipe Size Groups OPDE Results NRC Predictions
Type (inches)

0.0-1.0 1.3E-04 6.3E-03
1.0-2.0 4.4E-05 2.3E-04

PWR 2.0-4.0 2.9E-05 1.6E-05
4.0-10.0 4.6E-05 2.3E-06
> 10.0 4.2E-05 3.9E-08

0.0-1.0 8.2E-05 4.7E-04
1.0-2.0 2.3E-05 1.3E-04

BWR 2.0-4.0 5.6E-05 2.4E-05
4.0-10.0 6.2E-05 6.OE-06
> 10.0 7.2E-05 2.2E-06

Figure 4.1-1 displays this information graphically on a semi-log plot with normalized failure
frequencies on the y-axis and the pipe size groups on the x-axis. The figure shows that the
results of the OPDE database underestimate the failure frequency for the smaller pipe size groups
and overestimate the failure frequency for the larger pipe size groups compared to the NRC
predictions for both PWRs and BWRs. However, there is less disparity in the two BWR
predictions than the two PWR predictions.

The NRC predicts that PWR plants are much more likely to have pipe failures in smaller pipes
than larger pipes. This trend remains the same in NRC prediction for BWR plants, but is not
nearly as drastic. The OPDE results for both PWR and BWR plants show a much more
consistent failure frequency both over the range of pipe sizes and between PWR and BWR
plants.
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Figure 4.1-1. Normalized pipe failure frequencies as a function of pipe group size for both
carbon and stainless steel pipe failures in both BWR and PWR plants.

There were three issues in the data analysis that were initially thought to factor into the
difference in results between the analyzed OPDE database and the NRC predictions. The first
assumption was that all types of cracks, leaks, ruptures, or other issues were considered to be a
complete failure in the pipe. In actuality this is not true since inspections or other indicators may
catch a crack or leak before a complete failure occurs. As a result, a separate analysis
considering only the pipe ruptures listed in the OPDE database was conducted. However, the
calculated frequency distribution considering only ruptures did not change significantly, in either
trend or magnitude, from the results obtained when considering all issues to be a failure. The
results of this rupture only analysis are shown below in Figure 4.1-2.
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Figure 4.1-2 Normalized rupture frequencies as a function of pipe group size for both
carbon and stainless steel pipe failures in both BWR and PWR plants.

The data for this plot is shown in Table 4.1-2.

Table 4.1-2. Normalized Rupture Frequencies.
Normalized

Plant Pipe Size Instances Failure
Type (inches) of Rupture Frequency

(1/cal-yrs)
0.0-1.0 37 9.8E-05
1.0-2.0 14 3.7E-05
2.0-4.0 10 2.7E-05
4.0-10.0 29 7.7E-05
> 10.0 21 5.6E-05
Total 111

0.0-1.0 31 8.2E-05
1.0-2.0 5 1.3E-05
2.0-4.0 6 1.6E-05

BWR 4.0-10.0 11 2.9E-05
> 10.0 7 1.9E-05

I Total 60
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The second assumption of concern is the nature of the information contained in the OPDE
database. Since the "light" version of the database did not specify the exact pipe size due to the
proprietary nature of this information, all pipe failures greater than 10 inches were included in
one bin for this analysis. However, for the NRC predictions there are two categories for pipes
greater than 10 inches, LOCA categories 5 and 6. As a result, the OPDE calculated failure
frequencies for the largest pipe group size would be expected to be larger in magnitude than the
NRC's predictions since it covers a wider range of pipe sizes, and thereby a greater fraction of
the total when normalized.

The final concern is the OPDE database excludes instances of steam generator tube rupture
(SGTR) from consideration. By doing this the total number of failures in the smaller pipe size
groups is reduced, and the calculated frequencies are lower for the smaller pipe size groups than
if SGTR had been considered.

The next two plots, Figure 4.1-3 and Figure 4.1-4, present the same data as is included in Figure
4.1-1, but these figures include the ranges for the NRC prediction. It can be seen that even when
the range of validity is taken into consideration, a large portion of the distribution still falls
outside the boundaries for both PWRs and BWRs.
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Figure 4.1-3. Normalized Failure Frequency Distribution for PWRs.
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Figure 4.1-4. Normalized Failure Frequency Distribution for BWRs.

Table 4.1-3 and Table 4.1-4 serve as summaries of the information on pipe failure as a function
of pipe size and pipe type from the OPDE database for BWRs and PWRs respectively.

Table 4.1-3. Summary of BWR Pipe Failures from the OPDE Database as of 2-24-05
Both Carbon Steel and Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only

Pipe Size Steel Pipes Carbon SelieOl____tl__On

(inches) Number Normalized Failure Number of Normalized Failure Number Normalized Failure
of Failures Frequency Failures Frequency of Failures Frequency

(1/cal-yrs) Failures (1/cal-yrs) ofFailures (1/cal-yrs)

0.0-1.0 375 8.2E-05 118 2.6E-05 257 5.6E-05
1.0-2.0 107 L.IE-05 32 7.OE-06 75 1.6E-05
2.0-4.0 259 2.6E-05 32 7.0E-06 227 4.9E-05
4.0-10.0 284 2.9E-05 50 L.IE-05 234 5.1E-05
> 10.0 330 3.4E-05 39 8.5E-06 291 6.3E-05
Total 1355 _ 271 _ 1084
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Table 4.1-4. Summary of PWR Pipe Failures from OPDE Database as of 2-24-05
Both Carbon Steel and Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only

Pipe SizeStePis
(inches) Number Normalized Failure Number Normalized Failure Normalized Failure

of Failures Frequency of Failures (rIucy of Failures Frequency
______ (1/cal-yrs) (1/cal-yrs) (1/cal-yrs)

0.0-1.0 698 1.3E-04 154 3.OE-05 544 I.OE-04
1.0-2.0 228 4.4E-05 74 1.4E-05 154 3.OE-05
2.0-4.0 153 2.9E-05 78 I .5E-05 75 1.4E-05

4.0-10.0 238 4.6E-05 126 2.4E-05 112 2.2E-05
> 10.0 219 4.2E-05 93 1.8E-05 126 2.4E-05
Total 1536 _ 525 --- 1011 ---

There are a few important things to note from these tables. The first is that there have been a
similar number of failures reported in BWRs as PWRs (1355 vs. 1536). Second, there were 4
times as many failures of stainless steel pipes as carbon steel pipes in BWRs (1084 vs. 271), and
almost two times as many stainless steel failures than carbon steel failures in PWRs (1011 vs.
525). It was not expected to find more stainless steel failures than carbon steel failures. It
should also be noted that while the number of stainless steel pipe failures is about the same for
both BWRs and PWRs, but nearly twice as many carbon steel failures were observed in PWR
plants than BWR plants (525 vs. 271).

Figure 4.1-5 and Figure 4.1-6 shows a more detailed representation of failure frequencies as a
function of pipe size for PWR plants only, and BWR plants only, respectively. These figures
present the separate failure frequency distributions for carbon steel and stainless steel pipes.
Figure 4.1-5 shows that failures of stainless steel pipes are more frequent than carbon steel pipes
only for smaller pipe sizes in PWRs. Figure 4.1-6 shows that stainless steel pipe failures are
much more frequent than carbon steel pipe failures at all pipe sizes in BWRs.
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Figure 4.1-6. Normalized pipe failure frequencies as a function of pipe size for BWRs.
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4.2 Pipe Failures as afunction ofPipe Sizefrom Independent Data

The independent database was used primarily to confirm the OPDE database predictions, along
with comparing this set of data to the NRC data. Due to the small number of incidents found in
this database, some of the pipe group size data groups had values of zero. When plotted on a
semi-log scale, similar to the NRC and the OPDE plots, the points do not appear on the plot for
that particular pipe size group. This occurs only once for the total normalized frequency plot for
BWR data.

Table 4.2-1 shows the comparison of the OPDE, NRC and the independent database frequencies.

Table 4.2-1. OPDE Calculated, NRC Predicted, and Independent
Database Calculated, Normalized Failure Frequencies (1/cal-yrs).

Plant Pipe Size OPDE Data NRC Independent
Type (inches) Prediction Database

0.0-1.0 1.3E-04 6.3E-03 3.6E-05
1.0-2.0 4.4E-05 2.3E-04 3.6E-05

PWR 2.0-4.0 2.9E-05 1.6E-05 9.4E-05
4.0-10.0 4.6E-05 2.3E-06 2.2E-05
> 10.0 4.2E-05 3.9E-08 l.IE-04

0.0-1.0 8.2E-05 4.7E-04 2.3E-05
1.0-2.0 2.3E-05 1.3E-04 O.OE+00

BWR 2.04.0 5.6E-05 2.4E-05 3.4E-05
4.0-10.0 6.2E-05 6.OE-06 2.3E-05
> 10.0 7.2E-05 2.2E-06 2.2E-04

The Figure 4.2-1 presents the overall normalized frequencies of PWR plants in the United States,
and roughly 10 foreign plants for the independent database, the entire OPDE-light, and the NRC
mean data given in reports. As seen, the NRC mean values of frequency decrease as the pipe
size increases. Although in the two other independent sets of data obtained, the frequencies
remain relatively the same throughout the pipe size groups. Pipe sizes which were less than
roughly two inches had a lower frequency for the two independent data sets compared to the
NRC data, and the pipe sizes above the two to four inches group size show a higher frequency
compared to what the NRC's expert elicitation has predicted. This figure shows that the two
independent data sources follow similar trends compared to what the NRC's prediction. The
PWR frequency shows a vast difference at the higher pipe size groups which in turn contradicts
the thinking that larger the pipe size have a smaller break frequency.
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Figure 4.2-1. Normalized pipe failure frequency as a function of Pipe Group Size for
PWRs.

Figure 4.2-2 presents the overall BWR data for the independent data, the OPDE-light, and the
NRC data. A similar trend for each data set can be seen in BWR's as in PWR's, except that the
frequency range is much smaller for BWR's than PWR's. The independent data provided no
pipe failures in the pipe size group of one to two inches, and thus on a log-scale, no data point
appears on the figure. Once again the independent data and the OPDE-light data coincide
throughout the pipe size groups, and contradict the NRC prediction of pipe failure frequencies;
except for the range of two to four inches again they are similar. Pipes which are larger than ten
inches prove to have a higher frequency in the two independent data sets when compared to that
of the NRC data set provided by expert elicitation.
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BWRs.

Overall, the two independent data sets show contradicting trends when compared to the NRC
normalized frequencies. Instead of the double-ended guillotine break being analyzed for every
plant for the largest pipe in that plant, the NRC is trying to make the maximum break size which
needs to be analyzed ten inches. The reasoning for this is due to low frequency of breaks in
pipes of larger diameter than ten inches. This data above shows that the frequency from raw data
does not agree with the current NRC predictions by expert elicitation. There is a high frequency
of occurrence in pipe sizes greater than ten inches according to the independent data found.
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4.3 Pipe Failuares as afunction of Failure Mechanism

This section of the report summarizes the frequency of failure mechanisms for carbon and
stainless steel pipes. The information presented in figures 4.3-1 through 4.3-3 represents the
normalized failure frequencies for each failure mechanism. This data is also presented in tabular
form in table 4.3-1. The data was collapsed by pipe sizes and broken apart by steel type and
plant type. The data was normalized for each type of steel based on the number of reactor years
and the total amount of failures (carbon +stainless) for each plant.

Table 4.3-1. Failure Frequencies of Pipes for each Failure Mechanism.

Plant . . Carbon Steel Stainless Steel Total Failure
Type Failure Mechanism Failure Frequency Failure Frequency Frequency

PWR Corrosion 2.04E-05 5.38E-06 2.57E-05
PWR FAC 2.29E-05 2.32E-05 4.61 E-05
PWR MIC 8.26E-06 1.92E-07 8.45E-06
PWR Erosion 1.84E-05 2.30E-06 2.07E-05
PWR Fatigue 1.77E-05 9.62E-05 1.14E-04
PWR Human Factors 6.91E-06 2.42E-05 3.1 IE-05
PWR Mechanical Failures 4.23E-06 7.1 IE-06 1.13E-05
PWR SCC 9.60E-07 3.25E-05 3.34E-O5
PWR Water Hammer O.OOE+00 3.84E-07 3.84E-07
PWR Misc 1.15E-06 2.69E-06 3.84E-06

;r : .- - ' -

BWR Corrosion 6.31 E-06 6.97E-06 1.33E-05
BWR FAC 1.26E-05 1.37E-05 2.631E-05
BWR MIC 1.31 E-06 2.18E-07 1.52E-06
BWR Erosion 8.71E-06 1.96E-06 1.07E-05
BWR Fatigue 1.55E-05 4.90E-05 6.44E-05
BWR Human Factors 5.22E-06 1.85E-05 2.37E-05
BWR Mechanical Failures 3.92E-06 5.44E-06 9.36E-06
BWR SCC 4.14E-06 1.36E-04 1.40E-04
BWR Water Hammer 4.35E-07 2.18E-07 6.53E-07
BWR Misc 8.71 E-07 4.14E-06 5.0 IE-06
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From these plots it was determined that PWR plants are dominated by fatigue failures and BWR
plants are dominated by stress corrosion cracking failures. However, in general the most
frequent failure mechanisms for both plants are corrosion, fatigue, mechanical factors, and stress
corrosion cracking. These four failure mechanisms were analyzed as a function of pipe size in
figures 4.3-4 through 4.4-7.

For these plots corrosion includes general corrosion, flow accelerated corrosion, and
microbiological corrosion. Stress corrosion cracking was not included with corrosion because
the pipe failure method for stress corrosion cracking is different than the other corrosion types.
Though mechanical failure frequency was not the highest, mechanical failures were chosen
because they appear to be independent of pipe type and plant type. Human factors were ignored
because they are a factor of quality assurance as opposed to the other failure mechanisms which
are primarily a factor of operation. In regards to human factors it is not known if they have
decreased with reactor operating experience because the dates of failures was not included with
the OPDE data.
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The frequencies of pipe failures by corrosion shown in Figure 4.3-4 are nearly independent of
pipe size. With the exception of the smallest of pipe sizes (< 1.0 inches) the frequency of failure
for each type of steel is relatively constant. Stainless steel has a lower frequency of failure due
to corrosion than carbon steel, which is expected because stainless steel is meant to be corrosion
resistant.

Figure 4.3-5 shows that carbon steel is less likely to fail by fatigue than stainless steel for all pipe
sizes. The figure also shows that as the pipes increase in size they fail less frequently by fatigue.
This is more than likely due to greater movement of the pipes as they decrease in size. The
amount of force required to fatigue a larger pipe is greater than that of a smaller pipe.

Figure 4.3-6 supports the information from figure 4.3-3 that shows mechanical failures being
relatively equal for all pipe sizes and types. The frequencies of the different pipes in each bin are
roughly the same and they stay relatively constant across the spectrum of pipe sizes. The
different failures that were grouped into mechanical failures as listed in the section 3.0 are
excessive vibration, overpressurization, overstressed, and severe overloading. Though the
instances of these failures are low they seem to affect all pipes relatively equally.

Stress corrosion cracking appears to be much more prevalent in stainless steel pipes as opposed
to carbon steel pipes as shown in Figure 4.3-7. The discontinuity in the carbon steel data is due
to plotting a frequency of zero on a log scale. For both stainless and carbon pipes the frequency
of failure increases for the largest pipe size (> 10 inches).
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5.0 Conclusions from Data

5.1 Pipe Failures as afunction of Pipe Size fronm OPDE Data

1. The main problem with the OPDE database is it does not have any resolution beyond
pipe sizes greater than 10 inches.

2. For both PWRs and BWRs the results of the OPDE database underestimate the failure
frequency for the smaller pipe size groups, and overestimate the failure frequency for
the larger pipe size groups, compared to the NRC predictions. In both cases the
OPDE data does not predict as drastic of a difference in the frequencies for small
pipes and large pipes as the NRC does.

3. The OPDE database excludes instances of steam generator tube rupture (SGTR) from
consideration. By doing this the total number of failures in the smaller pipe size
groups are reduced, and the calculated frequencies are lower at smaller pipe sizes than
if SGTR had been considered. This may be one source of difference in the OPDE
results and NRC prediction.

4. The OPDE database reports failures of stainless steel pipes are more frequent than
carbon steel pipes for smaller pipe sizes in PWRs and stainless steel pipe failures are
much more frequent than carbon steel pipe failures at all pipe sizes in BWRs.

5.2 Pipe Failures as a function of Pipe Size from Independent Data

1. The data set collected independently by our group compares very well with the trends
observed in the OPDE data, but does not match the results predicted by the NRC.

2. The main problem with this data set is the limited amount of data points.

3. Failure mechanism plots were not made due to the lack of variety in failure
mechanisms. The majority of the failure mechanisms were erosion/corrosion and
stress corrosion cracking.

5.3 Pipe Failures as afunction of Failure Mechanism

1. The failure mechanism that appears to dominate PWR plants is fatigue failure, and
BWR plants are dominated by stress corrosion cracking failures. In general both
plants are limited by corrosion, fatigue, and stress corrosion cracking.

2. For some failure mechanisms the frequency of failure increases as pipe size increases.
Stress corrosion cracking is one failure mechanism where this trend is seen. It should
be noted that this does not necessarily contradict the NRC's assertion that larger pipes
break less frequently. This conclusion only states that for some failure mechanisms
large pipes fail more frequently.
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3. Although the OPDE data does not show water hammer to be a significant failure
mechanism, it should be noted that the OPDE database listed 450 separate water
hammer events where structural pipe integrity was challenged but not failed. Had this
data points been included as probable failures, water hammer would have become one
of the leading failure mechanisms.
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PVR Cs AUXC

AUXC
AUXC
AUXC
AUXC

CS
CS

¶7
2

______ 2 - I -I I
PWR 3 I 1

WR ( SS CS JGSCC - knlrgarsiar SCC
PVR I S CS
PWR Ss CS
PWR SS CS

CS
EHC
EHC
EHC
EHC
EPS

eps
FPS
FPS
FPS

TGSCC.- Transgarwxr C
unrepore

Vibrabonfaugm _
Vibrab-fabl4e

Sevee Overloading
Vibrabon.Fab"~
Vibrabon-Fatlgu
vibrabon-lats"u

PWR F CS

_ Vibrabon-felgue -

Vibrabon-lsgue
Corrosion
Corrosion
Corrosion_

5
5
2
6
2

2
4
1

2
2
3
4
5
6
5
3
6
6
5

3
3

6
6

2
3
9

-I--11=
3
4

- -1 I
I

2

3

2 2

1
7
1
7

PWR
PWR
PWVR
PWVR

CS
CS
CS

1 1

HF:Welkng Error
MIC - Microtlogicaly kkjcead Corrosion F EI -

I

I

PWR - CS I fPS
PW _I C I PS I

PWVR Cs I FPS __

PWR ICS_- I FPS

I 1 I 1



'.MTII-
two~ Gowoon 3 3S

Corrosion 1 4 i I i i
sonoson 6 3

A 1 1

6 3 2

PWR
PWR
PWR
PWR I Ss

2
6

2
3
4
6
6
2

2
4
7

I1
27
67
3

I

… 1 I _

PWR I Ss FWC FAC. Fbw Acce,

11

2

PWR_
PWR
PWR
PIWR
PWR
PWR
PWR
PWR

I RMt I rvA5~ I F:Ar~ - 9 ,
. _ . .,

a3 FWC
FWC
FWC_
FWC

FWC
FWC

FWC

FWC,
FWC

FAC - F:ow Accelerated Comoson

-I-
II

I

4

Fat~ge

1 1
2
2 2

Fatgue 3 1

PWR

Fab",u
Gahvaric Corrosion
HF.CONSTANST
HF:CONSTANST
HF CONSTANS T
HF:Desgn error

4F Fabicabon Error
HF.REPAIR/MAINT
HF REPAIRA/4ANT
HF Weltmn Error

4 I

PWR I Ss

3
2
T
6

6
-I

2 1

8
6 0

II

2

I
PWR I Ss I
PWR 55 FWC

FWC
FWC 1

FWC HF.We43ng Error 2 2 I_ -
HF.Wekdhn error 3 2

1FWeldng error I

PWR I SS
PWR 55

~~PWR -I 53

=PW=R 53Jss

PWR I S

FWC
FWC
FWC
FWC
FWC
FWC
FWC
FWC
FWC
FWC
FWC
FWC
FWC
FWC
M-SA
LAISA
IASA
LiS.A
IASA
M-SA
WASA
PCs
PCs
PCs
PCs
PCs
PCs
PCs
PCs
PCs
PCs
PCs
PCs
PCs

Thermal Falgue
Thennal Fatgue
Thermal FavguTh aml Fatgue ycn

Thema FabgueSt - Cyc

T ll rabort4aIguVekeorsatgue

Vbrabon4abg"e
Vibrabon-Fet"gu

Vibralollonatgue

Water Hamner
Water Hamner

Fatgue
HF.Hunan error
HF HFian error

Severe overoadng
Severe overbadrt

Vibraobalgum
Vibrabonfaliue

Corrosion
Erosion

Erosion
FACG FlowAccelerated Corrosion
FAG. FlowAcceleratedCoroson
FAC- Flow Acceler d Corrosion
FAC Flow Accelerated Corrosion
FACG Flow Accelerated Corrosion

Fabgue
Frettin

HF:Wredr error
PWSCC

Savera OsloadraI

6
2
3
4
6
6
2
3

6

2
3
4
6
6

2
2

3

2
2
5
6
2
3

13 i

5 I

3 I

5

I

I
I11

1

13
I

3}

1I 1

2 . 18
I
II

I

2

2

I

2
41

2 1

4
7

2
I

I
PWR CS |
PWR CS
PWR CS r
PWR CS
FWR CS I

1 4
6

3I 3

20

1 7PWR CS
PWR CS
PWR CS
PWR CS
PWR CS

2

I

I
I l



PWR I Cs PCS Severe ovefoadSw 6 J 2 1 1 ___ I _

PWR I Cs PCs Thermal alD9ue8 3

PWR _ CS_ -PCS
VibrBato-Fa

I -4
I I

4
le-Frackre 1 1f I 1

PVVR L- SS RAS Cavitatosrwoon 5 1 1 I
P'VR I SS RAS Corrosion I I

PWR I SS RAS Corrosion 2 2 I

PvVR I SS I RAS Corrosion 4 5
PivR I SS RAS Carrcew4 5~ j 2

2

_1

PHWR I SS RAS ECSCC - External Chorde I

2
I I

F RAS- - -- FAC.PlowAcceieratedCorrosionl I -2 I - I I

PWR I SS RAS FAC. wFk>Acceblreted Corrosion 3 I

PWR I SS I RAS FreMt 1 1

PWR I S RAS I Fret"n 1 3 I
PFVR I SS I _ AS

I 3
I

- i 1 - II

3 I I
- t1 1PWR I SS RAS |- I --

PWR I SS RAS

R | IS | ASPWR | SS | HAS
PVVR I SS RAS

HF.W"" Erro

HF:Wektri Error

HF.Wewqn Error
HF=eo e4Tor

icC. Ier~wmuer CC
ol-obcl k~eljcd Co
0vepreMMzzaon

__Pws~cc
PW`Cc~

Severe &oWeiLMan

I
II
2
3

7

7

- i I

I

4
7
5

~3
I

41-

RAS =
PWVR
PWR
PWR

SS

SS

2 1-
RAS

RAS
R___ASPVVR SS -

"R I _ SS

Severe overloacdng
TGSCC . Traina r SCC
TGSCC . Traw ati SCC
TGSCC . Tr=n==relarSCC
TGSCC. Trarsgraiar SCC

Thermal Falgue
Thermal Fligue

Thermal Falgue - Cycing

_1 2

3 I3 5 I I I

4
3I

2 I

I I_ I

_1 IS19
RAS
RAS
RAS
RAS
RAS

PWR
PWVR

SS
6S
SS

SS

SS
88

'S

656SES
SS

Urnreported

Vibratiofl-ab"u
Vibral~on-.aigtie
Xibratbon-lelguee

Vibraon-tettgue
Wrallon-lelgue

BIA-SCC
Corrosion

CorrosiOn-falgue
CorrOsbOn-alabguil

-. 1I - I 2 =
37 i
1 1

RCPB
RCPB 1

RCPB I

II
2
2
2
4

I r

I -

2 - I

I I

SS H CPB ECSCC -Exle
RCP8 ES



PWVR_ 88s I_ I RCPB IJ I I I 5 -

I I -- - 1- I
-I- 1 I

--- I -I- i I
PVVR I 88 I RCPB IHF.Wekng Error I 3 2 I I
PWR Ss RCPB tiF:W;I'&-; Error 2 11 9
PWR Ss RCPS HF.We" Error 3 2 2
OWR-- - Ss RCP8 HF:Wekkv error 6 1
FWR- Ss- RCPB Hy*ogen embrimerriect I I I

Ss RCPB IGISCC - IluergramAar Scc 5 1 1
PWR Ss RCP8 PWSCC 1 2 1 1
PWR as RCPB PWSCC 2 44 26 2 1 4 1 10
PWR Ss RCPB PWsCC 3 6 1 5
PWR Ss RCPB 4 3 I 2

-- PWR- -SS Rcpa- 5 2 1 1
PWR Ss RCP8 PWsCC 6 7 2 2 3

RCPB severe overloads 3 � 3
PWR Ss RCPB severe overloaD 3 1
PVVR Ss RCP8 IGOE - Trarisgatuar WE- � 7 I -1 4
PWR Ss RCP8 TGSCC - TransgraWar 5CC 2 5 1 4
PWR Ss RCPB TGSCC - Transg&mA&r SCC 5 1 11
PWR Ss RCPB Thennal faUqLm I 1 4 1 1 4
PWR SS RCPB Therr" fdVqA 2 1 1
PWR Ss RCPS -ThemW 3 4 1 1 1 1
PWR Ss Trieffnal I 6 1 I
PWR Ss RCPS Therm*IF*09--CydwV__ 3 1 II
PWR Ss RCPB Thermal Falque - Cyc" 6 1 1
PWR Ss RCPB Vibraboa-Fabgue I 31 5 1 24
PWR Ss RCPB 2 82 2 10 1 66

--- FWR- -SS RCPB 3 11 4 7
PWR Ss RCPB Wrabon4ab" 4 2 1 II

PWR SS RCPB V"'ar bgue 5 2 2
-- PWR- -=$ � --- FFC-S-INSTR IF tsg� I I

PVVR Ss RCS4NSTR HF.CONSTANST I I
PWR SS RCS-INSTR HF.CONSTANST 2 1 1
PWR SS RCS4NSTR Vibrabomfab" I I
PWR Ss I RCS-INSTR Vibraban4ali9w 2 1 I i
PtNR I Cs SG Caorroron I I lI - i I
PWR I Cs SG OeforymbomWTherma Fa"j __- 2 I 1
PVWR Cs I SG I
PVVR_ I Cs

-- I - I 1 2 I --
___ Va- " abcsn-faogu 4 1 I

PWR SIR B/A-SCC 3 I I I

PWR 188 SIR B/A-SCC 5 3 I I I - I I I I_ -

PVWR I Ss I - SIR Cmtai~hon-erossonl
PVWR Ss I __SIR_ __

PVVR
PVWR I~

I1 - -1 I 2 I --
I -I I

__ _ _ I; - - 1f I t
Fretum a I I

-- SIR - I - I I I - I~ I

I SIR
PWR I- SS SIR

HF.CONSTANST 2 4
HF.CONSTANST 1I 5 2
HF:Hwonan error - I I

IFREPAJRMALJNI S 1

I
PWVR as SIR _ _ _ _ _

-PWR S I :R 8I
POR 88

___[ 65 I 1-4 -- I - __



nr.vv�A(%j riro I 1 T 1
rl-engro 4 1 1 I

4 1 2 I _ I
I

I

PWR
PWR I -Ss -- 3
PWR I Ss
PWII
PVVR
PVVR
PWVR
PVVR
PWR
PWR
PWNR
PVVR

SS I SIR PwSCC
-Ss SIR PwSCC 4

SIR
SIR

SIR
SIR
SIR
SIR
SIR
SIR
SIR
SIR

PtwSCC 5 17 =
Severe t rwadng I I ---
Severe overloadrng 2 3

6 2 - I
6 2 - I

I I

PwR I -- SS I ii _ I ____ ___

PWR SS I-
PwR Ss
PFwR I Ss SIR Thermal taltue

SIR
SIR
SIR
SIR
SIR
SIR
SIR
SIR

Trhemal faUgus
Themeal Fegue.- Cyckq 3 I _1

4 I

_ 3 2
6

PVVR I - SS

PWR I S

3
a

42
9
3

I

SIR viorabmlr;eugi

V~rabon-faII2us
Vibaion-latIje
Corrosion,

Corrosiorwatigue
Erosion
Erosion

FACG- Flow Accelerated Corrosion
FAC - Flow Accelerated Corrosion
FAC * Flow Accelerated Corroelon
FAC - Flow Accelerated Corrosion

3

I

2 6
31

4

3
*6

7

-I
1 I -

PWR CS
PvVR CS
PWR CS
fWR CS
FWR CS

II
I

STEAM
STEAM
STEAM
STEW
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM

STEAM

614
6 1 14

9
9
6
9
10

2

I

Fretwng 3
2LZ -I

fI

I
fWR- -1 CS _
PWR CS
P.VR CS
PINR fcs

HF.W ngerror -

Overstessed
Severe overSa8ig

Severe oveloadng
Severe overloading

I_ 11+ - -]

; 6 - 3 2
1 -= I- I
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r 7--- � - 7 7 -

PLANT TYPE | PIPE TYPE SYSTEM GROUP I APPARENT CAUSE
PiPL bLI TOIAL NU.
GROUP OF RECORDS Crack-Fti I Crack-Pert I Delomation Rmkxe I Severance I Small Leak IWal timnwhLaroe Leak I Leak

. U.t; cUosion I I
AUXC Corroson 2 4

PA-Leak

1
Corroston 3 2

4 3
I _6 4 I

2 2 . 7-
BWR

_ i1i j
BWR CS AUXC I
EWR [ CS j AUXC 2 _
BWVR CS I AUXC 3 _
EWR CS I AUXC Eirosiao-crouoln 1
BWR Cs AUXC Erosion-corrosaio 6 15

CS AUXC 1 2 i
r1 5 1AUXC

AUXC
AUXC
AUXC
AUXC
AUXC
AUXC
AUXC

HF Fabncabon Error
AlO - U a~obo caly Imljcd I
MAIC- Mmcroboay ked a
MIC - acrotocly i&ced I
1C. M-=crdboogcary Idlied I

Severe overloadSg
Severe overloading
Severe overlowbadn

5 1 I
2 I

BWR I

4
6
6
3
5
6

2

2 -
I I

I-I I

2 1

3
6WR CS I I I
BWR I CS AUXC
BWR I CS AUXC

Vibratban-abe
Vibralon-Fatgue 3 I Ir

Fabgue_ 4 1

I I I

_WR - I II
BWR
BWR
BWR

SS - C _zi W F
SS Contairnent System

Containent System
Severe overbadmg =I 6 -

Severe overladlng
Vibrabon-Fabge

6
--I

2

I I

II i
1

;IBWR =

BWR =
BWR=

CS I EHC I
CS I EHC

8WR CS EHC
. EHC

HF:Hmnan error
HF:Hmnan error
HF Weak Error
Vibrabon-Febgue

2
3

2

1

T

3
7

1

1

~7
2

2

* I 2
_3 ______ I_

2 2__ _ _

121

i 2 1 - 4BWR F SS =
BWR
BWR

SS I
CS =

EPS =
FPS =
FPS =BWR _I CS

SIR _C5

Corrosion
Corrosion
Corrosion

FAC - Fbe Accelerated Corrosion
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS

4 1

1

I

1I
8WR
BWR
BWR

CS- I

WS |
Cs I
Cs I

MAC - Utcroblolo9cany nixJced Corrosion
Severe overloading
Severe Overloading

4
2

BWR I _CS I FPS Vorlation-f gI 3 II | l
BWR I C I FPS Vibrabmfaliu 3 1 l - I 1 _



BWR Ss- FVVC Corrosion 2 2 2
BWR FWC I Corrosion 3 I I

4 _ 2 21
2 1

8WR I SS 3I FWC
BWR Ss FWC Erosion 3 _ 1 1
BWR I Ss FWC Erosion 4 1

BWR I Ss FWC Erosion 5 1

BWRI Ss FWC Erosioi-cavitabon 4 2 1 1

FWC 5 2 2
I I

1 3 1
I 11 I

BIWR SS
BWR I SS FWC 4 1 -I--
BWR ISS FWC I
BWR 5I Ss _ FWC

I

6 I I

BWR - Ss FWC HF:HIian error I I 1 I
| WR FWC HF WekSng Error 2 2 2 1

I 1 I

BVBWR ] SS
BWR £3S -I- FWC I- Severe overloasling -

BWR I SS
BWR SS

FWC
FWC

Severe overoading
Severe overioedn

6
6

3 - I -I1
II~

BWR SS FWC SICC - Sl0raCe -nkiced Corroson Crc" 2 1
BWR Cs FWC SICC - Severte Iea Corroson Cr 1 1
BWR SS FWC SICC - Slraln rotb Ircied Corrosio Cru c 5o 3 2
B7WR ~SS FW3IC-Swrt Ide orsnC 1
BWR SS FWC TSermal et" 2 3 3
BWR SS FWC Ttemal Fate 3 3 1 1 1
BWR SS FWC Thern tab¶m 6 6
BWR as FWC ThCorsi 1abgw 6 5 4 _ _
BWR aS5 FWC Unreporled 3
BWM SS FWVC Uqrsprd 4=
BWR SS FWC Akeprled 6 - 2 - 1

B __WR _SS FWC Vlrabo__l__ie__ _2____
BWR SS FWC VCbraorobso 2 21 3 2 15
BWR Ss FWC Vbrlorfbalgue 3 a1 6
BWV-R -SS FWC Vbraionfl" 4 _3 _1 2
BWR SS= FWC T Vlbrabon4alguie _ 5 6 1 1 1 2
BWR_ SS FWNC Vibrabom-falbgx 61
S WR CS WSA 21 1
BWVR CS WSA Corrosion 2_
BWR CS WSA Fre" 1- 2
BWR CS IA4-SA HF:Hanan error I
BWR CS IWSA tGSCC - Intagimnular SCC 2
BWR CS LASA -Severe OveipaSlin I
BW-R ~C5 WSA Seer Overloa t 211
BWR CS WSA Vibration4algA I 6 3
BWR CS IASA _VibraloFatiwe 4J1 1 1
B-W-R ~CS PCS _ I I
B~WR -CS F ~CS Corrosio I1
B- W-R ~CS FC Ccq rrosbon 31_;1
BWR
BVVR

CS
CS

PCS
PCS

Erosion
FAC - Flow Acelerated C
FA -Flow Accekerated C

11

_-
BWR C5
BWR ICS
BWR ICS



_WR 1 C _| PCCs | F
8WR Cs]I PCs I

..-. HowloPcelatew L.Oroeion
HF We" error

Severe oterloadg

1 I I

BWR CS I PCS
BWR I Cs PCs Severe overloarg

PCS Thermal fatgue 2 1 I
PCS Vbaton4atgue 1 1

PCS V~braionabgue 2 7
_-Vibrason4eague 3 1

Vbratho4atgue 4 2
5 1 1 I

3 1 2 I

4
BWR I 6
BWR Ss -1 3
BWR I Ss RAS Corosu 1
BWR I Ss I RAS R AECSCC . External C
BWR _I s RAS ECSCC- Exeml Clondel hxedSCC I 2 -

RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

ECSCC . Exeal Chlornde Idced SCC 3 2 T- 2
FAC - Flow Accelerated Corrosion 3 I

Fatigue 4 I I
_ 2_ 1

I I
I

I
BWR SS |I I
BWR I SS en t
BWR I SS I RAS

| -RABWR SS
- HF REPAiRINT . -2

RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

HF WeWVng error
HF.We"rg error

4
2

3 2

I I 2 I

BWR N
BWR- |

4 _
ssi

WR SS
BWR __SS

K;SCC - I
5
6

2

56 1 2 I- 35 I--

Sievers vrloaerd g
Severe overloadrg
Severe overloadng

TGSCC - Transra"r SCC
TGSCC - Traissreair SCC
TGSCC - Transgraar SCC
TSCC Transoarsar SCC

2 1

t

4 __ I 1
2 ____I ____

II I1 4 1

I= . I--
EWR I SS RAS I-

I I

BWR SS RAS lG-C.A.s. Irnsgragiar
Thermal augu
Thermal fabgue

i - II

OWR I SS I RAS 2 2
Thrmal bgu_ _ _ 3 _ I 1 - 1

i -51

1 3

BWR 83 |
OWNR 88S

RASr
Unreported 3 1

BWNR I S I RAS
BWR I SS RAS

Unreporedt
ViOrabon-falue
Vibationflaig~ie

5

15 I
OWR I | I RAS I I _I --_

Vibrabon-algue 1 3 1 I I 4

1- I

OWR
BWR

RCPB
S |-- RCPI rcr

2
3 2



ram -

4 - I I I_ ~ I I _I _ I I___ I -
2 I I

C CP8
HIPCONSTANST

HF.Fabicabon Error

3 I I

I I

BWR I SS RCP8 6 2 2
BWR I SS RCPB 2 I ~ I ___ I I_____
BWR I SS RCPB HF:Fabrcabon Error 3
BWR I SS RCPB HF.Faricabron Error

I

I

I

11

OWWR 68 I RCPB HF:

2
4
1

8 - 8
__ -4 I I

r SCC | 1 _4 | 2 | _ 1 1 __ l
BWR I SS rGSCC. urgrbanar SCC 2 3 2
BWR I SS RCPB rGSCC . krfrgar SCC 3 2 -

BWR I SS RCPB IGISCC - Iterr~arular CC; 4
BWR SS I -- RCP8 ~I - IG8CC -k IergramiirSCC
BWR

I I
raasorarmiar SCC 2 I 1 I

1-1�-I-i I------ -
TlGbCC. irarhwgarar SCU 3S I 1 I

- RCP8 Thennal Fatqj 2 1 2
BWR I SS RCPB Thernal Fabgue 3 I

OWR I SS RCPB Vitratio-faugue 1 3 -
SWR SS RCPB
6WR
BWR

;8CC . External COlouie hIrsa SCC
1SCC . Exteamal Choncle kxkbed SCC

HFWeldng error
*SCC.- herum"Aa 8CC

TGSCC.- Trans~anasr SCC
TGSCC.- Trarwsamailer SCC;

2 _

II I

4 I 2
OWN 58 4 RC8-NSTRI
OWN 6S IRCS-NSR

I 2
2 1 ' _

8WR S6
BWR 68
OWRI_ as_

SIR
SIR
SIR

I
1I

2 I 2 1

SIR
SIR
SIR
SIR

BWR I SS
BWR
BVVR

65

FA HFlowAtclraton Eorrosio

HFFabgL*ao ro

4
2
3
4

2
5
6
2
3
4

II i i

22
1
1

SIR
- - - 1 54R

jWR
13WR SS

-1 SS
BWR I S SIR I
BWR
8WR
SWR

6s I -!

1 2 1-
I I I

io1 -1 -4
6
.3

6
3

T
9 I

-- frxCr. -.s ______________ _________ AI
l

-



BWR SS SIR IGSCC -t ergranbr SCC 4 4 1 2 1

BWR SS SIR IGSCC -1ergr~aarSW T 5__ 64 2 51 6 5

BWVR Ss SIR | IGSCC-kwrwa w SCC - 6 | 22 18 4 __| _7

B__WR - SS SIR MIC - icrobsobogcaly Induced Corroson 5 1 71
BWR SS SIR Overpressurizaton 5 _ 1 -

BWR SS SIR Overstressed 2 2 2

BWR SS SIR Severe overldc 2 2 1

BWR Ss SIR Severe overie 4 I

BWR SS SIR Severe overload 6 I_

BWR SS SIR TGSCC. Tr ansgr SCC 5 I 1

BWR SS SIR TGSCC Transgranular SCC 6 _ I

BWR SS SIR Thermaltat" 2 3 3

BWR SS SIR Ttwermalaligue 6 3 3

BWR SS SIR Thermal tabgue 6 I 1

W-HR SS SIR Thermal Fabgu" - Cycg 6 2 1

BWR SS SIR tnrerported 5 I 1

BWR SS SIR Vibrbon-Faoue 0 2 2 _

BWR SS SIR Vibrabon-a gue 1 _ 5

W-R SS SIR Vibrabon-fall" 2 27 12 I 1 21

BWR S SIR Vibraton-ab 3 3 _ 2

t3WR SS SIR Vlbrabon-fabaue 4 _2 2

BWR SS SIR Vibrabonfab" 5 1 I

BWRR SS SIR Vibrabom-fabe 6 I

BWR CS STEAM CorrosIon 2 1

BWR CS STEAM ECSCC - Eernal Chloride Inducid SCC I I 1

BWR CS STEAM Erosion 3 1 1

Sm-H CS STEAM Erosion 4 I I

BWR CS STEAM FAC. SFo. Accelerated Corrosion 2 16 3 1 12

6WR CS STEAM FAC - Flow Accelerated Corrosion 7 6

BWR CS STEAM FAC. Flow Accelerated Corrosion 4 3 3

BWR CS STEAM FAC - FlowAccelerated Corrosion 5 7 7

BWmR CS STEAM FAC . Flow Accelerated Corrosion 6 1 1

SmH CS STEAM Fs" 2 3 I I

BWR CS STEAM HFFCONSTANST 2 1 1

BWR CS STEAM HF.CONSTANST 3 1 1

BWR CS STEAM HPFCONSTANST 4 1 1

BWR CS STEAM HF.REPAIRAAWNT I I
BWR CS STEAM HF We" error 2 2 2

SWR CS STEAM HFSWelSr error 3 2 2

B-WR CS STEAM HF.Weng error 1 1 I

BWR CS STEAM HF.WeW Error 6 1

BWR CS STEAM tGSCC - itergr anar SCC 5 I _

BWR CS STEAM Overpressizatron 2 1 1

BWR CS STEAM Severe overoa& 4 1

BWR CS STEAM SICC - Straemate houced Corrosion CracktIg 5 1 _

BWR CS STEAM SICC - Strain-rate bInced Corrosion Cracking 6 3 3 _

BWR CS STEAM TGSCC. Transgramllr SCC I 10 4 2 4

BWR CS STEA TGSCC - Tr anrer SCC 2 2 1 - -

BWR CS STEAM Tttmaltigue 2 1 1

SWR CS STEAM Thermal tat" II

SWR CS STEAM Thermalfakb 6 1 1

BWmR CS STEAM Vibrabon-FabI 1 2 1 1

BWR CS STEAM Vibrasorn-taue 2 12 1 1 2 2 6

BWR CS STEAM Viabrmbon4eb 3 2 2

B-WR CS STEAM VbrasonrFabgus 6 1 I

BWR CS STEAM Water rnr 5 11
BWR CS STEAM WaterH e 6 i 1 =



Appendix B
Haddam Neck PWR Cs 2.25 4 Erosion GL 89-08

CANDU PWR Cs 4 4 Thermal Fatigue Korean
CANDU PWR CS 4 4 Thermal Fatigue Korean
CANDU PWR CS 4 4 Thermal Fatigue Korean
CANDU PWR CS 4 4 Thermal Fatigue Korean

Millstone Unit 3 PWR CS 6 5 Erosion/Corrosion IN 91-18
Arkansas Nuclear One Unit 2 PWR Cs 14 6 Erosion IN 89-53

DC Cook Unit 2 PWR Cs 16 6 Erosion Bulletin 79-13
DC Cook Unit 2 PWR Cs 16 6 Erosion Bulletin 79-13

Fort Calhoun Station PWR CS 12 6 FAC IN 97-84
Surry Unit 1 PWR CS 30 6 Not yet determined IN 81-04
Surry Unit 2 PWR CS 18 6 Erosion/Corrosion IN 86-106

Trojan 1 PWR Cs 14 6 Erosion IN 87-36
Zion I PWR CS 24 6 Human Factor IN 82-25

FR (Framatome Reactors) PWR CS 10 6 Corrosion Korean
FR (Framatome Reactors) PWR CS 28 6 Corrosion Korean
'-,,;Diablo Canyon Unit Y>> , PWR' < 'CS'.<- :J ;Ai * j:' Therrnal Fatigue'o' 9 , N 92-20.

fLoviisa Unit I ., PWR:ŽR -:KEroslonICorrosion . '-IN 91-18
-,:t 'w,,tSequoyah Uniti PWR ! s r C>'.*!Thermal Fatiguei' '", IN 92-20.'':

Surry Unit 1 ' .r PWR S ; CS' . 7 Erosion/Corrosion U 'IN -8
Wolf Creek PWR SS 0.25 1 Vibration IN 89-07

KSNP Korean Standard Nuclear
Power Plant PWR SS 0.375 1 Thermal Fatigue Korean

Oconee Unit 3 PWR SS 0.75 , _1 Mechanical Failure IN 92-15
WH-3 PWR SS 0.75 1 Flow Induced Vibration Korean
WH-3 PWR SS 0.75 1 Flow Induced Vibration Korean

H.B. Robinson Unit 2 PWR SS 2 3 SCC IN 91-05
Oconee Unit 2 PWR SS 2 3 Vibration IN 97-46

Prairie Island Unit 2 PWR SS 2 3 SCC IN 91-05
WH-3 PWR SS 2 3 Flow Induced Vibration Korean
WH-3 PWR SS 2 3 Flow Induced Vibration Korean
WH-3 PWR SS 2 3 Flow Induced Vibration Korean

Crystal River Unit 3 PWR SS 2.5 4 Fatigue IN 82-09
Fort Calhoun Station PWR SS 3.5 4 SCC IN 82-02

Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02

Ginna PWR SS 8 5 SCC IE Circular76-06
Foreign PWR SS 8 5 Thermal Stress Bulletin 88-08

Arkansas Nuclear One Unit I PWR SS 10 6 SCC IE Circular76-06
Oconee Unit 2 PWR SS 24 6 Erosion IN 82-22

Sequoyah Unit I PWR SS 16 6 Fatigue IN 95-11
Sequoyah Unit 2 PWR SS 10 6 Human Factor IN 97-19

Surry Unit 2 PWR SS 10 6 SCC IE Circular76-06
Palo Verde iiY> e PWR: ; S Var- g *; Human Factor -Bulletin 79-03

San Onofre'Unit 2 PWR -S .fai Human Factor-'- .:- ; Bulletin'79-03 u
San Onofre Unit 3'' V. PWR SS' WVar ' __.j-__ Human Factor W,, Bulletin 79-03k''

..TMlun t 1 N itR.:; S 4 WR , SOC IN 79_19;-

U ''s TMlunit ' -' PWR: SS ' SC IN 79-19';
-iMlUn i 1 PWR- >SS ___ _ _ _ SCC I'i.' IN 79 19:."

, ,,3tTMI unit 1 ,'PWR; -SS f _ _____ . SCC-1 '!t'4lN79-19':

rPTMlunltV . 't PWR, -SS ______ - , ,CC IN79-19;
'*',FarleyUnft2 T' iPWR -,-.F _-,, , ,: ,' IN 88-1

-__Point Beach Unit I PWR' _.___________ 'N99-1



Appendix B (cont.)

Plant Type Material Diameter Pipe Size Failure Mechanism Reference
____ ___ ____ ___ ____ ___ ___ ___G ro u p

Dresden Unit 2 BWR CS 4 4 Human Factor Bulletin 74-10

Nine Mile Point Unit 2 BWR CS 8 5 Fatigue Event 36016
Vermont Yankee BWR CS 12 6 SCC IN 82-22
Cooper Station BWR SS 0.25 1 Vibration IN 89-07

Pilgrim BWR SS 1 2 Corrosion IN 85-34
Browns Ferry 3 BWR SS 4 4 SCC IN 84-41
Browns Ferry 3 BWR SS 4 4 SCC IN 84-41

Nine Mile Point Unit I BWR SS 6 5 SCC Bulletin 76-04

Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01

Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit I BWR SS 22 6 SCC IN 83-02
Hatch Unit I BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 20 6 SCC IN 83-02
Hatch Unit 1 BWR SS 24 6 SCC IN 83-02
Montecello BWR SS 22 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
MBrownstee BWR SS_ 12 6 S IN 82-024

-' .Dresden Unit I ;,BWR;. _ .-. ^ .N eezing4

Highlighted plants- were'not-usedjindthe data analysis-due to missing information.'--, Ž I-.'



Appendix C. Collapsed OPDE Database

Collapsed OPDE Raw Data as function of Pipe Size

Pipe Size Group Resulting Number of FailuresPlant Type (inches) CS Ss CS+SS

0.0-1.0 154 544 698
1.0-2.0 74 154 228

2.0-4.0 78 75 153
4.0-10.0 126 112 238
> 10.0 93 126 219
Total 525 1011 1536

0.0-1.0 118 257 375
1.0-2.0 32 75 107

BWR 2.0-4.0 32 227 259
4.0-10.0 50 234 284
> 10.0 39 291 330

Total 271 1084 1355
- r >* ¢s. V w.w B S2s>r. e4 .& -* -. ;

0.0-1.0 272 801 1073
1.0-2.0 106 229 335

PVR+BWR 2.0-4.0 110 302 412
4.0-10.0 176 346 522
> 10.0 132 417 549
Total 796 2095 2891



Collapsed OPDE Raw Data as function of Failure Mechanism

Plant Type Failure Mechanism Resulting Number of Failures
CS SS CS+SS

Corrosion 106 28 134
FAC 119 121 240
MIC 43 1 44

Erosion 96 12 108
Fatigue 92 501 593

PWR Human Factors 36 126 162
Mechanical Failures 22 37 59

SCC 5 169 174
Water Hammer 0 2 2

Misc 6 14 20
Total 525 1011 1536

Corrosion 29 32 61
FAC 58 63 121
MIC 6 1 7

Erosion 40 9 49
Fatigue 71 225 296

BWR Human Factors 24 85 109
Mechanical Failures 18 25 43

SCC 19 624 643
Water Hammer 2 1 3

Misc 4 19 23
Total 271 1084 1355

Corrosion 135 60 195
FAC 177 184 361
MIC 49 2 51

Erosion 136 21 157
Fatigue 163 726 889

PWR+BWR Human Factors 60 211 271
Mechanical Failures 40 62 102

SCC 24 793 817
Water Hammer 2 3 5

Misc 10 33 43
Total 796 2095 2891
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EXECUTIVE SUMMARY

As part of the curriculum for Nuclear Engineering 597D at Penn State University,
students examined the issue of pipe failures for stainless and carbon steels.
Using several sources, data was collected on pipes of these materials. Using the
pipe size as a source of division, the data could be normalized and turned into a
value that would suggest the failure frequency per calendar year. The results
were compared with previously gathered Nuclear Regulatory Commission (NRC)
results of failure frequency of pipes of pressurized water reactors (PWRs) and
boiling water reactors (BWRs). The goals of this project were a) to determine
what information is readily available concerning pipe failures, b) to present this
information as clearly as possible, c) to generate failure frequencies, d) to come
to some conclusions on the correlation of failure frequency and pipe size. The
results herein show little deviation in failure frequency for increasing pipe size,
suggesting that large pipes fail nearly as often as small pipes andlor more data is
necessary to come to more robust conclusions.
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INTRODUCTION

The NRC has proposed changes to 10CR50.46 that are based on the idea that
small pipes break and large pipes do not break as often. The scope of this
project is to determine whether of not that this is true. The U.S. has established
a number of reactor operating years gaining valuable experience and information.
This has lead to an industry mentality that is turning away from a risk-based
analysis and regulation system and moving more towards a risk-informed,
probabilistic system. Consequently there has been discussion of changing the
definition of a large break LOCA, and the acceptance criteria for the ECCS has
come into question.

Can this lead to a relaxation of safety culture in light of the obvious fact that the
US nuclear fleet is aging? The data collected by the NRC is obtained from
nuclear plant operations. This information is based off of a half century of
operation, and even less is from modem light water plants that have come of age.
In addition, equipment, operating procedures, and inspection processes have
been altered over the history of nuclear power. From the history of pipe failure
reports, the NRC has established pipe failure rates with respect to effective break
size. With the data collected for this project a new graph of failure rates will be
compiled and compared to the previously established NRC failure rates. It is
possible that a failure mechanism that may have been overlooked or simply
forgotten by the NRC can be located.

Compiled is a list of data that includes piping failures of various sizes and various
modes of failure. The following items are be key to every data point collected;
diameter, pressure, fluid type, material (stainless steel or carbon steel), and type
of failure. Unfortunately not all data can be used or is not applicable for a variety
of reasons that are documented below.

As the data is collected it must be separated primarily by size of pipe. The pipe
sizes will be placed into "bins" that generalize several piping systems inside a
nuclear power plant. These bin sizes are similar for both PWR and BWR, but for
each type the data will be plotted separately. The concern is with PWR and
BRW plants because 10CFR50.46 states uAcceptance Criteria for Emergency
Core Cooling Systems for Light-Water Nuclear Power Reactors".

The overall goals of this project include:
a) to determine what information is readily available concerning pipe failures,
b) to present this information as clearly as possible,
c) to generate failure frequencies,
d) to conclude on the correlation of failure frequency and pipe size.
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DATA COLLECTION

The first major under taking in this project was to compile a database of usable
pipe failure points. When working on compiling a database a wide range of
sources were used to gather points. During process the main focus was to find
as many pipe failures as possible and eliminate the non-applicable points later.

Several sources were used to find pipe failures. Internet based search engines
were used to find several sources. Google, LexisNexis, Compendex, Penn State
LIAS, ANS Online, the NRC Web site, and Science Direct were all used for
searches on pipe failure references. Furthermore, Nuclear News periodicals
were scanned for news briefs of pipe failures. This resulted in two recent pipe
failure examples. The search engines used above all provided some sources of
information including the Corrosion Testing Laboratories Web site and some brief
articles about pipe failures. A majority of the data points came from a single
article about piping damage at German nuclear plants. The article was found with
Compendex and comes from the Nuclear Engineering and Design journal. Penn
State LIAS did not yield as many results as anticipated. LIAS has a compilation
of ASME and engineering papers, books, and theses. After rigorous searching on
LIAS only one point was found, which was discouraging since a search yielded
30,000 hits. It was determined that most of the LIAS data was on papers or
reports where the author had conducted experiments to failure, not on actual
data collected on pipe failures that occurred unintentionally.

For much of the early search for pipe failure data, many properties were sought:
the diameter of the pipe, what the pipe was transporting, the failure mechanism,
and the material the pipe. With an increased understanding of how the data
should ultimately be organized and plotted, the desired information was the pipe
diameter, material, and failure mechanism.

Several data points were discarded because the diameter of the pipe was not
reported. Also several pipe failures were not applicable since the pipes were
used in the chemical industry and transported substances that lead to their failure;
this prompted the consideration of only the failures that could be found in light
water reactors. For example, a failure mechanism found was chloride induced
stress corrosion cracking, not a failure mechanism found in light water reactors.
After ruling out any failures that that could not occur in a light water reactor our
number of points were reduced even more. Finally, some points were removed
because the material was not stainless or carbon steel.

While gathering data the pressure in the pipes the pressure of the pipes was not
typically documented and thus left out of this analysis. In an ideal situation the
pipe diameter, failure mechanism, pipe material, crack size, temperature of the
fluid, and the pressure would all be given and entered into the data base. These
factors would increase the accuracy of the plots and make them relate more to
the nuclear industry.
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ANALYSIS METHODOLOGY

Once the data was collected, several steps needed to be taken to generate
results that could be both analyzed to determine the frequency of pipe breaks
and to compare with NRC results. For each data point obtained, the material and
failure mechanism were used as starting points for separation. The failures
needed to be divided by size and normalized. Further, the data was divided by a
value that represented the sum years of United States nuclear operation for each
plant. The results were thus turned into frequencies for comparison with the
numbers for pipe failure frequency according to the NRC. The comparisons were
done separately for BWRs and PWRs

When the data was collected, all cracks and breaks were considered failures.
This comes from an assumption that the crack would become a leak or break if
the issue had not been resolved. Therefore, the data presented in this report
represents all the found pipes with cracks, breaks, leaks, and ruptures that are
usable-material and geometry specified-and were caused by failure
mechanisms that can be seen at a nuclear power plant.

For each type of plant, all the data was applied. However, one division was made
to account for the pipe material. This project has a focus on stainless and carbon
steels. The data was divided into three categories to later be normalized and
plotted as a frequency: stainless steel, carbon steel, and both.

The pipes were then divided by the size of the nominal bore, or inner (flow)
diameter. Because this project has a goal to determine some correlation between
pipe size and failure frequency, the pipe size was a main source of division
among all the collected points. Six different bin sizes were used to match the
NRC report. The six bins, or categories, were normalized by the total number of
failures.

Because PWR systems differ from BWR systems in pipe sizes, the bins were
arranged more accurately to reflect different plants' pipes. The NRC data made
available had six categories of different sizes for PWRs and BWRs. The data
herein was thus separated differently for independent comparisons with NRC
PWR results and BWR results.

The next step taken was to make the normalized data reflect a frequency. For
proper comparison with the NRC data, the overall, normalized points, one for
each bin or category, needed to be in units of per calendar year. It was assumed
that the U.S. nuclear fleet had produced a total of 2745 reactor years at the end
of 2003. An availability factor of 0.81 was also assumed for the entire U.S. fleet
for all years; the availability factor is the fraction of a calendar year a plant was
operating. Therefore,
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Calendar Years = Reactor years / Availability factor
Calendar Years = 2745 reaGtoF years / (0.81 reaGtor year-s/calendar year)
Calendar Years = 3390 yearsl

Once the value of each bin was divided by 3390, the data points could be plotted
as failure frequency per calendar year versus pipe diameter separated into bins
by size. This could then be plotted on a graph with NRC results. The NRC results
had four points for each category, the 5h percentile, median, mean, and 95th
percentile. The points provide estimates of where the data should be. In other
words, the mean and median give estimates of standard failure frequency data.
The two percentiles provide bounds of statistical variation and of confidence. The
final generated plots are displayed on the following pages.

While this analysis is assumed to be the best available, it has a few key
differences with the work completed by the NRC. First the NRC had the
information available to use only BWR failures in their BWR analysis and PWR
failures in their PWR analysis. For this project, all failures were included and the
bins' pipe size ranges were adjusted for the different plant types. Moreover, their
data comes from U.S. nuclear plant reports only. This report includes data from
all applicable fields, regardless of country of origin. Lastly, the division of bins is
based on pipe diameter, while the NRC data seems to be based on the effective
break size. Because break sizes were often not documented and not
documented in a single fashion, the diameters were chosen for the bins.
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RESULTS

The following table provides a summary of the points included in this analysis
and some background of the failure from a journal article (Nuclear Engineering
and Design) discussing the history of piping damage at German plants.

Table 1:Summary of Data from Journal Article of Piping Damage at German
K1. -o1-e nl--#-

German All Pipes 0 -15 mm = 0.59 in - 0.98 in - 1.97 in - 3.94 in -
Report Stainless Steel 0- 0.59 in 0.98 in 1.97 in 3.94 in 9.84 in

Manufacturing
Defect 9 6 5 5 4
Corrosion/Erosion 15 10 4 4 4
Fatigue 13 14 4 3 1

Failure Fatigue-
Mechanism Manufacturing

Defect 1 1 1 2 0
Corrosion-
Manufacturing
Defect 1 0 0 2 11

Totals I _ _ 39 31 14 16 20

The next tables provide a summary of the information that was found with various
Internet sites. These points were found independently of one another, rather than
as part of a single database. Those shown in red represent the points that were
ultimately removed from the pool of data for the rest of the analysis. This table is
followed by data recovered from the American Society of Civil Engineers (ASCE)
about pipes exposed to seismic activity.
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Table 2: Summary of Failures Found Individually
Break type: Crack vs. Pipe Inner Break Size (if Break depth (where

Number Material Cause Rupture Diameter (in) available) applicable)
Carbon 3/4 wall thickness

I Steel Thermal Fatigue Cracks (varying lengths) 42 (max)
Carbon Grooves then cracks 1.5 Inch

2 Steel Oxygen Corrosion (vary) 2.23 grooves
Stainless Stress Corrosion Through wall Crack from

3 Steel Cracking OD to ID 10 wall thickness
Stainless Chloride Stress Through wall Crack from

4 Steel Corrosion Cracking OD to ID 28 wall thickness
Chloride Induced

Stainless Stress Corrosion Several small cracks on
6 Steel Cracking shell 48 through wall

Stainless Polythionic Stress Several cracks that leaked
6 Steel Corrosion Cracking that began at the ID 6.1

Mismatch between
Carbon deformation rates of Longitudinal Crack at pipe

7 Steel base metal and weld weld 30
Carbon Rupture of FW suction line

8 Steel Erosion/corrosion elbow 18 2ftx4ft rupture
Carbon 180 degree fishmouth

9 Steel Erosion rupture 14 3 Inches rupture
Carbon

10 Steel FAC 6 fltA2 rupture at elbow 12 6 ftA2 rupture

Crack of varying depth 75%
11 Thermal Stress 75% circumferential 56 circumferential varying up 100%

Spiral Fracture in water
12 distribution main for NYC 60 . through wall of 5/8 inch

13 Small Leak in SG tube CE design tube
Carbon Erosion-turbulent

14 Steel flows Rupture of steam pipe 21.26 (54 cm) rupture rupture
Stainless lntergranular Stress Several small cracks on

15 Steel Corrosion Cracking shell Unknown 8.1 inches 0.14 in
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Table 2 (continued): Summary of Failures Found Individually
NSSS system (where

Number Fluid Notes applicable) Reference
I Steam From Oil Refinery May apply to steamlines Corrosion Testing Laboratories

2 Water Grooves develop into cracks at bands of tube ends Steam generator tubes CTL
3 Steam Sensitized metal (unknown environment) Primary system CTL

Carbon
4 Dioxide Buried 4 feet but near roadway frequently salted CTL

Distilled
5 Water humid environment CTL

6 cracks developed under coke deposits CTL

7 Steam Crack was along weld Steam lines Kevin Kennedy and Associates

8 Water Rupture did not occur at welds FW suction lines NRC
Significant wearing from 3/8" to 1/32" of wall High pressure steam

9 Steam thickness extraction line NRC
92% 4th stage extraction steam piping preheats FW 4th stage extraction

10 steam heaters steam pipe NRC

Plant specific Hatch-2 1984; nitrogen injector
11 malfunction had N too hot Vent Header Lexis Nexis -- Nuclear News

12 Water NYC water main, very large pipe Lexis Nexis -- Engineering News
13 Water Single tube leak was plugged SG tubes Nuclear News

14 Steam Recent pipe burst at Japanese Plant Steam pipes Nuclear News
RHR system, small cracks summed together,

15 Water welding RHR NE&D
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Table 3: Summary of Data from Earthquake ASCE Database
SIZE THICKNESS

MEDIUM (IN) (I MATERIAL BREAK LEAK CORROSION PIPE OTHER CRACK PULL
WATER 0.75 0.12 CS X I X
WATER 1.00 0.15 CS X = X
WATER 1.00 0.15 CS X X
WATER 1.00 0.15 CS X X
WATER 1.50 0.00 CS X BROKEN PIPE
WATER 2.00 0.19 CS X X
WATER 2.00 0.19 CS X LX
WATER 2.00 0.19 CS X X
WATER 2.00 0.19 CS X _X

WATER 2.00 0.19 CS X X
WATER 2.00 0.19 CS X X
WATER 2.00 0.19 CS X X
WATER 2.00 0.19 CS X X
WATER 2.00 0.19 CS X _x

WATER 2.00 0.19 CS X x
WATER 2.00 0.19 CS X X x
WATER 2.00 0.19 CS X X X
WATER 2.00 0.19 CS X X
WATER 2.00 0.00 CS X X
WATER 2.00 0.00 CS X X
WATER 2.00 0.00 CS X X
WATER 2.00 0.00 CS X X
WATER 2.00 0.00 CS X X
WATER 2.00 0.00 CS X I
WATER 2.00 0.00 CS X X
WATER 2.00 0.00 CS . X X
WATER 2.00 0.00 CS X X
WATER 2.00 0.00 CS X X
WATER 2.00 0.00 CS _X X
WATER 3.00 0.25 CS X __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X
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SIZE THICKNESS
MEDIUM (IN) (IN) MATERIAL BREAK LEAK CORROSION PIPE OTHER CRACK PULL
WATER 3.00 0.25 CS X X
WATER 3.00 0.25 CS X X
WATER 3.00 0.00 CS X X
WATER 4.00 0.00 CS X _

WATER 4.00 0.00 CS X
WATER 4.00 0.00 CS .-
WATER 6.00 0.00 CS X X
WATER 6.00 0.06 CS X X
WATER 8.00 0.00 CS X

SERVICE BREAK AT
WATER 8.00 0.12 CS X MAIN
WATER 12.00 0.00 CS X X
WATER 14.00 0.12 CS X X
WATER 2.00 0.00 SS
WATER 2.00 0.00 SS
WATER 2.00 0.00 SS
WATER 3.00 0.00 SS X X
WATER 4.00 0.00 SS X
WATER 4.00 0.00 SS X
WATER 4.00 0.00 SS .-
WATER 4.00 0.00 SS
WATER 4.00 0.00 SS .
WATER 4.00 0.00 SS
WATER 4.00 0.00 SS .
WATER 6.00 0.00 SS
WATER 6.00 0.00 SS
WATER 10.00 0.00 SS X X
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Once the data was gathered, the points were separated and manipulated in the
procedure described above. This returned the following summary of points used
in the analysis and frequencies found that were compared with the NRC data.

Table 4: Summation of All Data Points Used to Generate Failure Frequency Plots
BWR Bin Sizes

Category 1 2 3 4 5 6

Bin Size 0.98 - 1.97 - 3.94 - 9.84 - above
(inches) 0 - 0.98 1.97 3.94 9.84 26 26 Total
Stainless 70 14 20 29 2 0 135

Normalized 0.519 0.104 0.148 0.215 0.015 0.000 1
Carbon 1 4 28 7 6 2 48

Normalized 0.021 0.083 0.583 0.146 0.125 0.042 1
Both 71 18 48 36 8 2 183

Normalized 0.388 0.098 0.262 0.197 0.044 0.011 I

PWR Bin Sizes
Category 1 2 3 4 5 6 7
Bin Size 0.98 - 1.97 - 3.94 - 9.84 - above
(inches) 0 - 0.98 1.97 3.94 9.84 18 18 Total
Stainless 70 14 20 29 2 0 135

Normalized 0.519 0.104 0.148 0.215 0.015 0.000 1
Carbon 1 4 28 7 5 3 48

Normalized 0.021 0.083 0.583 0.146 0.104 0.063 1
Both 71 18 48 36 7 3 183

Normalized 0.388 0.098 0.262 0.197 0.038 0.016 1

The normalized values above are then converted to frequencies per calendar
year by dividing by 3390. The table below shows the values of the frequencies
and compares them to the NRC data.
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Table 5: Failure Frequency Values (per calendar year) for Plant and Material
Types with Corresponding NRC Data

Collected Data NRC Data

BWR BWR
Category Stainless Carbon BWR Both 5% Median Mean 95%

1 1.53E-04 6.19E-06 1.14E-04 2.30E-05 2.OOE-04 5.1OE-04 1.90E-03
2 3.07E-05 2.45E-05 2.89E-05 1.80E-06 3.80E-05 1.20E-04 4.70E-04
3 4.37E-05 1.72E-04 7.73E-05 2.40E-07 4.70E-06 2.1OE-05 8.OOE-05
4 6.34E-05 4.31 E-05 5.81 E-05 5.70E-08 1.20E-06 6.60E-06 2.50E-05
5 4.42E-06 3.69E-05 1.30E-05 1.OOE-08 1.20E-07 2.40E-06 6.90E-06
6 O.OOE+OO 1.24E-05 3.24E-06 2.80E-1 I 9.70E-1 0 2.50E-09 9.50E-09

| Collected Data | NRC Data

PWR PWR
Category Stainless Carbon PWR Both 5% Median Mean 95%

1 1.53E-04 6.19E-06 1.14E-04 3.OOE-04 1.1 OE-03 2.1OE-03 7.50E-03
2 3.07E-05 2.45E-05 2.89E-05 4.90E-06 I.OOE-04 2.50E-04 9.30E-04
3 4.37E-05 1.72E-04 7.73E-05 3.1 OE-07 6.60E-06 1.80E-05 7.OOE-05
4 6.34E-05 4.31 E-05 5.81 E-05 6.OOE-08 6.30E-07 2.50E-06 9.60E-06
5 4.42E-06 3.07E-05 1.12E-05 9.30E-10 1.20E-08 6.1 OE-08 2.40E-07
6 O.OOE.O0 1.86E-05 4.72E-06 1.OOE-10 2.80E-09 4.60E-08 I1.70E-07

The figures above are used to generate the six plots below. The lines are for the
collected data corresponding to each plot. The other four points are the values of
the NRC data.
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DISCUSSION

The primary goal of this project was to determine if there is a correlation with the
failure frequency of pipes and their diameter. Moreover, there is an undeniable
importance in the relation of the calculated results with those of the NRC. In
addition, one can review the data to determine some ordinary causes of the pipe
failures that were found. While the frequency plots show how often pipe failure
occurs, just as important is the understanding of the common failure mechanisms.

When all usable points are put together, the database for the project was
comprised of a total 183 pipe failures. This includes 135 points for stainless steel
and 48 points for carbon steel. There is a wide range of data available to fit into
all the categories or bins. In fact, the only bin empty of points was the largest bin
for both BWR and PWR data sets of stainless steel.

While not many points were found for larger pipes, the frequency data was not
terribly skewed to the smallest bin size. However, all results are limited by the
data available. The three smallest bins have some of the highest frequencies
because these pipes are likely more populous in reactor systems or
coincidentally are the pipes most easily found from the sources reviewed.

The NRC has a more extensive database and different techniques to determine
failure frequency than what was used for this project. For the six plots shown
above, the NRC data is the same for the three BWR figures and the same for the
three PWR figures. In each case, the NRC data shows a steady decrease in the
failure frequency. However, NRC categories are divided by effective break sizes.
It is unknown how closely the effective break size relates to the pipe diameter.
This can be an explanation of why the NRC has such a low frequency with
increasing size-large pipes may fail, but not with very large break sizes.

The data collected generated failure frequencies with far less variation of results
with respect to increasing pipe size. In many cases, the category 1, category 3,
and category 4 bins have the highest frequencies. The data collected had most
points lying in these three bin sizes. Nevertheless, enough large pipes existed,
that no significant drop-off existed for large pipes. In other words, the data does
not support the notion that small pipes break while large pipes do not.

The carbon piping plots have peaks at category 3. This database had most
points for carbon steel in the respective range, driving that frequency higher than
the others. On the other hand, stainless steel data was largely dominated by the
smallest bin size. This is perhaps a result of stainless steel being employed in
small pipes with greater frequency than in large pipes.

In many cases, the collected data does not show any matching with the NRC
results. The data may swing from 95th percentile through mean and median to 5th
percentile between points. Also, for large pipe data, the collected results are
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several orders of magnitude greater than the NRC results. Thus, this is further
indication that the data makes little to no correlation between pipe size failure
frequency.

The distribution of failure mechanisms largely depended on the sources of the
data. A large database of seismic activity used in this report should not be used
as an indication that earthquakes are the most likely failure mechanism of pipes
in nuclear plants; however, this is certainly a concern. Moreover, the article of
pipe damage at German plants dominated the stainless steel data set. This
database documented several failure mechanisms. The most common failure
mechanism was manufacturing defect. Further evidence is required to determine
if the United States has a similar problem with the manufacturing of pipes.

Other common failure mechanisms that were found were fatigue,
erosion/corrosion, and stress corrosion cracking. The results indicate that further
work needs to be completed to have a better understanding of the reasons for
pipe failure in this country. There is, however, a broad range of failure
mechanisms for pipes in general that were found. Any organization that must
deal with pipes must be aware of the various types of failure and be conscious of
their possibility. Quality assurance programs at utilities should be familiar with all
types of pipe failures such that a pipe crack or leak is handled with the
appropriate level of attention.

Although the data shows little agreement with the NRC results, it should be
understood that small pipes generally did fail more than large pipes according to
these results. The difference between the databases in this respect is the amount
of frequency decreased as the pipe size increased. This information may suggest
that small pipes and large pipes fail with similar frequency, but it more importantly
suggests that further research is needed to generate a more complete database.

CONCLUSIONS

This evaluation was conducted by gathering data from a large variety of sources
and compiling a database. The database was divided into bins. Each bin was
determined by pipe size, material, and ranges were set to better match with NRC
information about PWRs and BWRs. The bins were normalized and converted
into failure frequency. The frequencies calculated were then plotted against the
NRC predicted frequencies.

When comparing the results between the NRC and the database generated as
part of the work for this project, the plots suggest that both large and small pipes
break at the nearly same frequency. Small pipes fit in best with the NRC data.
Yet the curves shown in the figures above do not suggest much relation of the
data found to the data the NRC has in its database.
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These results reflect our ability to find data on pipe breaks. Given more time and
access to proprietary information the accuracy of our plots would increase and
could agree more with the NRC's information. Furthermore, for an even more
accurate analysis and comparison with the NRC data, one should make greater
effort in finding data from the nuclear industry only. This data can then be
separated for BWRs and PWRs without overlap. An important variation of the
results of this project and NRC data is the effective break size. The frequency
variation developed here shows that large pipes fail, but the NRC data is based
on break size. There is a likelihood that the data the NRC uses demonstrates
only that small failures occur more likely than large failures.
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2 INTRODUCTION

The purpose of this report is to document an independent evaluation of Nuclear Power
Plant steel pipe break data in light of the recent push by the Nuclear Industry to change
rules related to the consideration of extraordinary pipe break LOCAs in licensing basis
of all U.S. commercial LWRs.

In the past, rigorous probablistic saftey assesments (PSAs) were not done to justify the
need for inclusion of large pipe break analyses in nuclear plant licensing bases. Instead,
it was simply assumed that the severity of the event was sufficient to justify the need for
this type of event to be considered in a plant's design basis. On the other hand,
extensive PSAs have been performed on active plant systems and components in order
to determine which severe accidents needs be included in said design bases. Thus, the
push by part of the nuclear industry today is for a rigorous analysis to be performed in
order to determine if the very large pipe break scenarios considered in LOCA and
steamline break analyses are prudent given the anticipated risk associated with such
events.

The evaluations documented in this report thus represent an independent review of an
internationally generated database of nuclear power plant pipe failures. This data
represents a collection of reported pipe breaks at nuclear facilities as outlined below
(Reference 1):

PLANT #OF PLANTS COVERAGE
TYPE SURVEYED (REACTOR-YEARS)
BWR 71 1,398

LWGR 19 319
PHWR (CANDU) 20 354

PWR + WER 164 2,670
TOTAL 274 4,741

Data from the above sources were queried to categorize pipe failures by: failure mode
(i.e. leak or rupture), failure mechanism (i.e. IGSCC, fatigue, corrosion, etc), pipe
material (i.e. carbon or stainless steel), and fluid type (i.e. de-mineralized / borated
water, steam, gas, oil, etc.).

The collected and categorized data was used to generate statistics related to pipe
failure frequency primarily as a function of pipe material and pipe diameter. The results
of these evaluations are described in detail later in this report.
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3 DATA ACQUISITION

In order to do an independent evaluation of pipe break frequencies at nuclear power
facilities, a database of pipe failures needed to be generated from documented failure
events at various nuclear facilities around the world. Ideally, this database would include
all pipe failure events for all nuclear facilities since the advent of commercial nuclear
power. However, this ideal is unrealistic, and such, the attempt was made to generate a
database that was as comprehensive and representative of reality as is feasible.

The first database of pipe failures that was discovered during the initial data gathering
process is documented in Reference 2. This reference includes a comprehensive
database of over 2,000 pipe failures at nuclear power facilities. Unfortunately, this
database does not contain sufficient information as to be used in the full evaluation of
pipe break frequencies. Specifically, this report does NOT include data related to pipe
materials. Thus, it is unknown as to whether pipes of other materials (i.e. copper, etc.)
are included in the break statistics. An effort was made to gain information form
industries outside of the nuclear field. However, too few details were provided (i.e.
stainless vs. carbon steel piping) to make this data practical for use in this report.

The second database discovered is documented in Reference 1. This report includes
pipe break data from nuclear power facilities around the world. This data did include all
of the necessary data for collected pipe breaks such that it could be used in the
evaluations documented in this report. Note, however, that this report is limited in that it
does NOT include water hammer events in its analysis.

The Reference 1 data is a collection of failure data documented in licensee event
reports from nuclear facilities around the world. Approximately 4,741 reactor-years of
operation are included in the database. Assuming a gross capacity factor of about 81%
(which is reasonable based on the known history of nuclear facility operations), this is
equivalent to about 5,853 calendar years of plant operation.

The Reference 1 database was the sole source of pipe failure data used in the
evaluations documented in this report. While additional pipe break data may be found in
other sources, it was determined to be unwise to mix data from multiple sources for the
following reasons:

* As mentioned earlier, the Reference 1 report includes failure data from licensee
event reports for all nuclear facilities around the world for a broad span of time
relative to the life of the nuclear power industry. As such, independent data
sources would most likely include some if not all of the data already represented
in Reference 1. As it is impossible to determine which data is or is not included in
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the reference databases, it could be possible to double count certain events. In
such case, the result may be to bias to the results of the evaluations performed
from the reference data.

Pipe failures for non-nuclear systems (i.e. piping failures at fossil fuel plants or
other industrial complexes) were not considered for inclusion in this evaluation.
This is because to the quality standard for both the manufacturing of pipe for
these applications as well as the standards for use of said piping and reports of
failure events are not the same in the non-nuclear industries. As such, the failure
frequencies of piping in non-nuclear applications can not be said to represent
those in nuclear applications.
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4 DATA PRESENTATION

The data from Reference 1 was compiled and organized in order to present the pipe
failure data in a format consistent with that provided in the guidance for this project
assignment. Tables 1 through 6, present the data as requested. These tables present
the pipe failure statistics for the following conditions:

* Table 1: Statistics for carbon steel pipe leaks. This data is subdivided into the type
of media flowing through the pipe prior to failure.

* Table 2: Statistics for carbon steel pipe ruptures. This data is subdivided into the
type of media flowing through the pipe prior to failure.

* Table 3: Statistics for stainless steel pipe leaks. This data is subdivided into the
type of media flowing through the pipe prior to failure.

* Table 4: Statistics for stainless steel pipe ruptures. This data is subdivided into the
type of media flowing through the pipe prior to failure.

* Table 5: Statistics for pipe leaks (carbon and stainless steam combined). This data
is subdivided into the mechanism for pipe failure.

* Table 6: Statistics for pipe ruptures (carbon and stainless steam combined). This
data is subdivided into the mechanism for pipe failure.

The data from these tables were used to calculate the pipe failure frequencies in Tables
7 and 8. These data were generated by taking the total number of failures in each pipe
size category and normalizing these as follows:

E~ (1)

In equation (1) above, No is the number of recorded failures in pipe size category i, and
TRx is the amount of time that the database of failures spans (in calendar years). From
Section 3, it is known that the data spans about 5,853 calendar years.

Figure 1 presents the calculated pipe failure frequencies as a function of pipe break
category. The data from Figure 1 is also presented in Table 7. Figure 2 presents the
same data in a cumulative fashion (i.e. all lower catgories including failures from higher
categories. This was done to present the data in a manner that is consistent with the
evaluations in Reference 3. The data from Figure 2 is also presented in Table 8.
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Table 1: Carbon Steel Pipe Statistics (Leak Failures Only)

Pipe
Size Pipe Content Material

Borated Demin Raw
(inches) Ins Air Oil H2 0 H20 Water D20 Steam

< 1 3 2 0 7 4 0 2
4-12 19 11 0 84 132 0 74
12-24 1 0 0 30 48 0 36
24-30 0 1 0 20 36 0 9
> 30 0 0 4 58 65 0 58
total 23 14 4 199 285 0 179

Table 2: Carbon Steel Pipe Statistics (Rupture Failures Only)

Pipe
Size Pipe Content Material

Borated Demin Raw
inches Ins Air Oil H20 H20 Water D20 Steam

<1 1 2 0 2 0 0 0
4-12 5 4 0 9 3 0 10

12-24 0 0 0 6 6 0 9
24-30 0 0 0 3 2 0 6
> 30 0 0 0 22 14 1 27
total 6 6 0 42 25 1 52
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Table 3: Stainless Steel Pipe Statistics (Leak Failures Only)

Pipe
Size Pipe Content Material

Borated Demin Raw Gas
(inches) Ins Air Oil H2O H2O D20 Water (N2) Steam

< 1 2 12 68 25 3 2 0 2
4-12 14 3 227 118 10 9 0 9
12-24 1 0 97 41 1 1 0 1
24-30 0 0 27 75 0 1 0 3
>30 0 0 83 130 1 0 8 3
Total 17 15 502 389 15 13 8 18

Table 4: Stainless Steel Pipe Statistics (Rupture Failures Only)

Pipe
Size Pipe Content Material

Borated Demin Raw Gas
(inches) Ins Air Oil H20 H20 D20 Water (N2) Steam

< 1 0 3 4 4 0 0 0 0
4-12 5 1 8 6 0 0 0 1

12-24 0 0 3 0 0 0 0 1
24-30 0 0 2 1 1 0 0 0
>30 1 0 0 0 4 1 0 0 1
total 5 4 17 15 2 0 0 3
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Table 5: Pipe Leak Failure Statistics (Stainless and Carbon Steel)

Pipe
Size Pipe Content Material

(inches) Corrosion Fatigue IGSCC Human Other
< 1 4 69 26 17 22
4-12 176 303 40 100 96
12-24 23 49 0 0 0
24-30 50 28 59 17 24
> 30 127 82 117 41 62
total 380 531 242 175 204

Table 6: Pipe Rupture Failure Statistics (Stainless and Carbon Steel)

Pipe
Size Pipe Content Material

(inches) Corrosion Fatigue IGSCC Human Other
< 1 0 14 0 3 2
4-12 5 34 0 4 11
12-24 5 1 0 0 0
24-30 3 2 0 2 10
>30 32 3 0 4 35
total 45 54 0 13 58
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Table 7: Pipe Failure Frequencies by Pipe Category

Pipe | Pipe Failure Frequencies (llrx-yr)

Size Carbon Steel Stainless Steel All
(ILeaks Rpte Leaks Leaks Ruptures Carbon Steel Stainless Steel

< 1 4.37E-06 6.47E-06 1.99E-05 4.09E-05 1.34E-05 1.54E-05 4.70E-06 2.09E-05
4-12 7.77E-05 4.01 E-05 6.82E-05 7.80E-05 7.22E-05 4.99E-05 7.17E-05 6.86E-05

12-24 2.79E-05 2.72E-05 2.48E-05 1.49E-05 2.61 E-05 2.40E-05 2.78E-05 2.44E-05
24-30 1.60E-05 1.42E-05 1.85E-05 1.49E-05 1.75E-05 1.44E-05 1.57E-05 1.84E-05
>30 4.49E-05 8.28E-05 3.93E-05 2.23E-05 4.17E-05 6.72E-05 5.09E-05 3.86E-05

Table 8: Pipe Failure Frequencies by Pipe Category (Cumulative)

Pipe Pipe Failure Frequencies (1rx-yr)

Size Carbon Steel Stainless Steel All

(inches) Leaks | Ruptures Leaks Ruptures Leaks | Ruptures | Carbon Steel Stainless Steel

>0 1.71 E-04 1.71 E-04 1.71 E-04 1.71 E-04 1.71 E-04 1.71 E-04 1.71 E-04 1.71 E-04
>4 1.66E-04 1.64E-04 1.51 E-04 1.30E-04 1.57E-04 1.55E-04 1.66E-04 1.50E-04

>12 8.88E-05 1.24E-04 8.27E-05 5.20E-05 8.53E-05 1.06E-04 9.44E-05 8.13E-05
>24 6.09E-05 9.71 E-05 5.79E-05 3.71 E-05 5.92E-05 8.1 6E-05 6.66E-05 5.70E-05
> 30 4.49E-05 8.28E-05 3.93E-05 2.23E-05 4.17E-05 6.72E-05 5.09E-05 3.86E-05
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Figure 1: Pipe Failure Frequencies by Pipe Category
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Figure 1: Pipe Failure Frequencies by Pipe Category (Cumulative)
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5 COMPARISON OF DATA

The data generated in Section 4 of this report was compared to that from Reference 3
prior to drawing any conclusions from the data itself. This was done since the data from
Reference 2 was compiled from an independent, reputable source and thus could be
used to perform a preliminary check on the data used in this report.

The following is an excerpt of data taken from Reference 3 related to pipe break
frequencies as a function of pipe size:

Table 9: Break Frequencies from Reference 3

Eff. Current Day Estimates (per cal. yr) Next 15 Year Estimates (per cal. yr)
LOCA Break

Plant Size size (25 yr fleet average operation) (End of original license)

I L . 5 I Median I Mean 95% 5% Median Mean 95%

> 100 1/2 3.0E-05 .22E-04 4.7E-04 1.E-03 2.3E-05 2.0E-04 5.1 E-04 1.9E-03

> 1,500 1 718 22E-06 4.3E-05 1.3E-04 5.OE-04 1.8E-06 3.82-05 1.2E-04 4.7E-04

>5,000 31/4 2.7E-07 5.7E-06 2.4E-05 9.4E-05 2AE-07 4.7E-06 2.1 E-05 8.0E-05

>25,000 7 6.6E-08 1AE-06 6.0E-06 2.3E-05 5.7E-08 1.2E-06 6.6E-06 2.5E-05

> 100.000 18 1.5E-08 1.1E-07 2.2E-06 6.3E-06 1.OE-.08 1.2E-07 2.4E-06 6.9E-06

>500.000 41 3.5E-11 8.5E-10 2.3E409 8.6E-09 2.8E-11 9.7E-10 2.5E-09 9.5E-09

_ 100 1/2 7.3E-04 3.7E-03 6.2E-03 2.0E-02 3.0E44 1.1E-03 2.1E-03 7.5E-03
> 1,500 1 5/8 6.9E-06 9.9E-05 2.3E-04 8.5E-04 4.9E-06 1.0E-04 2.5E-04 9.3E-04

P 5000 3 1.6E-07 4.9E-06 1.6E-05 6.2E-05 3.1E-07 6.6E-06 1.BE-05 7.0E-05
>25,000 7 1.1E-08 6.3E-07 2.3E-06 8.8E-06 6.0E-08 6.3E-07 2.5E-06 9.6E-06

>100.000 14 5.7E-10 7.5E-09 3.9E-08 1.5E-07 9.3E-10 1.2E-08 6.1E-08 2.4E-07
- > 500,000 31 42E-11 1.4E9 2.3E-08 70E-08 1.OE-10 I 2.8E-09 4.6E08 1.7E-07

The data above, specifically the mean data, was compared with that from Section 4 of
this report. Specifically, the calculated break frequencies from Table 8 were compared
with those from Table 9 above.

The data in the above table shows a fall-off in the break frequency with increasing pipe
size that is much faster than is shown in the Table 8 data. That is, while the low end of
the pipe size shows good agreement between the two tables (i.e. 104/rx-yr), the Table 9
data shows a decrease in frequency on the order of 10 5 at the high end of the break
sizes. This is compared with the Table 8 data, which shows a decrease in frequency
only on the order of 10.1.
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There is an obvious inconsistency in the frequency calculations between those in Table
8 and those in Table 9 (from Reference 3). This is most likely due to the sophisticated
statistical approach that was used in the generation of the Reference 3 break
frequencies. In this case, some statistical probability functions were probably used,
based on empirical and theoretical data, in order to calculate break frequencies in light
of the measured data available. For the purposes of this report the calculations are
entirely based upon existing operation experience. Therefore, the probablity of failure is
uniform across all break sizes as no statistical modifications or probabilities were used
in calculations performed in this report.

As such a simplistic approach was taken in the generation of the data for this report, it is
expected that the break frequencies calculated. in this report are much too conservative.
In this case, it is expected that the break frequencies calculated for this report will lead
to conclusions about failures of large pipes that are biased to increase the risk of such
failures by orders of magnitude.

Another possible cause for disagreement between Reference 1 and Reference 3 is that
the data in Reference 3 takes into account the relative amounts of each pipe size in the
plants at which each failure occurs. This approach was not taken in the generation of
break frequencies in Reference 1.
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6 CONCLUSIONS

The pipe failure frequency data generated in Section 4 of this report was evaluated, and
conclusions were drawn based on these evaluations. The following are the major
findings from the data.

1. Pipe failure frequencies were found to not decrease significantly with
increasing pipe diameter. The data in Figure 1 (and Table 7) shows increasing
failure frequencies with increasing pipe diameter in some cases. For instance,
carbon steel pipe leakage and rupture frequencies were noted to reach their
maximum in the largest pipe diameter group (>30 in). This would lead to the
conclusion that steamline break (PWR) events could be quite probable, even though
experience and common sense dictates otherwise.

In the case of stainless steel pipe, the rupture frequency was noted to decrease
slightly with decreasing pipe diameter. However, this decrease would be considered
to be negligible since the frequencies are on the same order of magnitude. As
stainless steel pipe is the material used in primary side components (i.e. the main
coolant loops in a PWR) of nuclear reactors, this finding would lead to the conclusion
that ruptures of the main coolant loops are as probable as rupture of much smaller
pipes (i.e. on the order of 1" diameter). Again, this conclusion is contradicted by both
experience and common sense (i.e. large break LOCAs are deemed to be
hypothetical, limiting faults).

2. Pipe failure frequencies were found to not agree well with the data from
Reference 3. This is discussed in more detail in Section 5 of this report.

As the data generated in this report seems to obviously contradict practical experience,
sound engineering reason, and data documented independently from this report, it is
concluded that no real conclusions can be drawn from the data in this report. That is,
the reliability of the frequencies predicted by calculations is deemed to be very low, and
thus it would be inappropriate to draw conclusions related to the risk of large pipe
breaks from the evaluations documented in this report.

Based on the ratio of operational experience in reactor-years vs. actual number of
documented piping breaks or leaks, it is also very difficult to determine that this is an
adequite sample size to make global judgements concerning a particular break size or
failure mechanisim. There may simply not be enough data points to get beyond the
statistical noise associate with this investigation.
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Other Thoughts

As the evaluations performed and documented in this report were not successful in
leading to realistic conclusions related to break frequencies of large pipes in nuclear
systems, some thought was given to the reasons why this exercise failed. The following
are documented for consideration in future evaluations:

1. Gather more data: One of the major limitations in this exercise was the amount
of failure data that was gathered prior to this evaluation. While a few databases
of pipe failures do exist, the data available for public consumption is very limited.
Specifically, the details of each recorded pipe failure (i.e. failure mechanism,
type of pipe, use of pipe, age of pipe, etc) would be very valuable in the sorting
and interpreting of the data.

2. Use failure mechanics in interpretation of data: In this report, it was assumed
that all failures were equally probable. However, it is typically accepted that
failure probability decreases with increasing pipe diameter. However, this is a
function of many variables, including factors of safety employed,
quality/manufacturing of materials, inspection and repair habits, etc. As much of
this data that could be considered in the failure probability determination would
be helpful in obtaining accurate failure frequencies.

3. Obtain population sizes for the catagories
and apply them to data from Reference 3.

of pipe size used in Reference 1
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