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ABSTRACT

The current status of non denting related primary side intergranular stress
corrosion cracking (IGSCC) in Westinghouse type PWR steam generators with non
thermally treated alloy 600 tubing is summarized. This includes cracks in first
and second row U-bends, at tube sheet expansion transitions, and at expanded areas
within the tube sheet. Details of the cracking which has occurred at a number of
Tead units are described.

The conditions which lead to primary side IGSCC are described. These conditions
include: susceptible material, aggressive environment, and tensile stresses. A
method is outlined to make rough estimates of the time to failure at each of the
locations where primary side IGSCC has occurred to date. The method requires that
tube material susceptibility be determined by test or experience, and is subject
to large errors due to unknown levels of residual stress.

The possible consequences of primary side IGSCC are discussed. These include:
secondary side contamination, possible derating of the plant due to plugged tubes,
exceeding technical specification leakage 1imits if affected tubes are not
plugged, and increased risk of tube ruptures.

A data base is presented covering each of the Westinghouse type plants with
nonthermally treated alloy 600 tubing Tocated in the United States and abroad.
This data base includes key data relating to primary side IGSCC for these plants
including: steam generator manufacturer, steam generator model number, date of
commercial operation, tube supplier, tube material grain size, tube expansion
method and Tength, hot leg coolant temperature, and where primary side IGSCC has
occurred to date in the plant. A method is then outlined to assess the risk of
primary side IGSCC occurring at a given plant. This assessment takes into accoun’
material susceptibility and fabrication details.

"The current status of remedial measures to minimize primary side IGSCC is
outlined.




A suggested course of action for utilities regarding primary side IGSCC is ‘
outlined. This suggested course of action takes into account material
susceptibility, fabrication details, and the plant operating history.
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SUMMARY

INTRODUCTION

Primary side intergranular stress corrosion cracking (IGSCC) of Ni-Cr-Fe alloy 600
steam generator tubing has been almost exclusively* Timited to Westinghouse type
steam generators fabricated by Westinghouse or jts licensees (i.e. Cockerill,
Framatome, Siemens, and Mitsubishi) from non thermally treated alloy 600 material.

Such cracking can be either related to denting or not related to denting. Denting
related cracking can be minimized or eliminated by following recommendations
contained in the EPRI Steam Generator Owners Group Design and Operating
Guidelines, and should therefore not be a continuing problem. Non denting related
primary side IGSCC, on the other hand, is a continuing probiem. The purposes of

° Summarize the current status of non denting related primary
side IGSCC in Westinghouse type steam generators

\
|
3
this report are to: \
‘ ) Outline the current thinking regarding the cause and
. consequences of primary side I1GSCC
° Tabulate key data on Westinghouse type steam generators
which have non thermally treated alloy 600 tubing

) Describe the corrective and remedial action programs
currently being pursued

] Suggest a method to assess the risk of primary side IGSCC at
a particular plant and a course of action for utilities
relative to the primary IGSCC problems

CURRENT STATUS OF PRIMARY SIDE IGSCC
Primary side IGSCC is a widespread and continuing problem in Westinghouse type
steam generators. For example:

. Of the 47 plants operating at least 5 years (startup prior
to 1980), over half of the plants have experienced varying
degrees of primary side IGSCC. This has ranged from
cracking of a few tubes at Zorita 1 and Prairie Island 1 to
extensive cracking of thousands of expansion transitions at
Doel 2 and the preventive plugging of all row 1 U-bends at a
number of stations.

* There is one recent exception, where nonheat treated tubing at San Onofre
2 and/or 3 suffered primary side cracking in straight sections of tubing.
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) In several cases, such as Farley 1, North Anna 1, and Tihange 2,
cracking occurred during the first year of operat1on

° Primary side IGSCC has occurred in steam generators
fabricated by each of the suppliers of Westinghouse type
steam generators, i.e. Westinghouse, Cockerill, Framatome,
and Mitsubishi.

) The Obrigheim steam generators (Siemens made) were replaced due to
continual lTow level leaks resu1t1ng from primary side IGSCC.
Steam generator replacement is being considered for several
other plants.

° Even the earliest plants which are generally thought to have been
fabricated using tub1ng processed under more optimum cond1t1ons,
have shown signs of primary side IGSCC as evidenced by experience
at Zorita 1 and Beznau 2. For example, the first cracking at
Zorita 1 was reported after about 14 years of operation.

While many plants have exhibited primary side IGSCC problems, there are also many
plants of similar vintage, and fabricated by four of the five manufacturers, which
have so far been free of primary side IGSCC. While this is encouraging, the
oldest of these plants have only been in operation about 15 years. Primary side
IGSCC may still become a problem at some of these plants before their design life
is reached.

CAUSE OF PRIMARY SIDE IGSCC

As is the case with all stress corrosion cracking, primary side IGSCC requires the
coincidence of three factors: susceptibie material, aggressive environment, and
tensile stress. Operating experience and laboratory tests have demonstrated that
alloy 600 tubing in some heat treatment conditions will crack in a normal PWR
primary water environment. The rate at which cracking occurs appears to be
dependent primarily upon the material microstructure, temperature, and local
tensile stresses (residual and applied). |

Material susceptibility appears to correlate most strongly with carbide
morphology (i.e., the concentration of grain boundary carbides); however, there is
also some correlation with grain size and material strength and hardness. Tubes
with copious grain boundary carbides (intergranular carbides) are less susceptible
to primary side IGSCC than tubes with few grain boundary carbides and copious
carbides within the grain (intragranular carbides). The main fabrication variable

S-2




which controls carbide morphology is the final mill anneal heat treatment. Higher
mill anneal temperatures generally result in less susceptible material.

The tensile stresses involved in primary side IGSCC are the sum of residual plus
operating stresses. Residual tensile stresses are induced in the tubing during
fabrication, and in the case of Combustion Engineering and Westinghouse type steam
generators are not reduced by a stress relief heat treatment. Based on operating
experience and laboratory tests it is believed that tensile residual stresses on
the inside of the tube are much higher than the operating stresses, and can equal
or exceed the material yield strength. Many of the remedial measures being
developed are directed towards reducing the tensile residual stresses or applying
a compressive residual stress on the surface by peening.

CONSEQUENCES OF CRACKING

The potential consequences of primary side IGSCC include: secondary side
contamination, possibly having to derate the plant electrical output in the event
that the number of plugged tubes exceeds the available tube margin, exceeding the
plant Technical Specification allowable leakage 1imits, and increased risk of
sudden tube rupture.

To date, the general experience with U-bend cracks has been that the leakage is
relatively Tow and increases gradually over a long period of time (i.e., months or
years). The major exception to this general sequence of events has been for cases
of U-bend apex cracking resulting from high ovality. In several of these cases
tubes have ruptured suddenly resulting in large leakage rates. The high ovality
has resulted from initial fabrication (Doel 2) and also from closing up of the
flow slots as a result of denting (Surry and Turkey Point). The remedial action
taken has been to plug the leaking tubes, and in many cases to plug all of the row
1 tubes on a preventive basis.

For the case of expansion transitions and expanded areas within the tube sheet,
leakage has also been relatively low and has increased gradually over long periods
of time. There are no reported cases of sudden rupture of-tubes in the expansion
region. In a few cases where the cause of the IGSCC has been identified and
affects small numbers of tubes, the general course of action has been to inspect

~ the tubes for the condition known to cause cracking and then plug affected tubes
on a preventive basis. This is not practical, of course, where there are large
numbers of cracked tubes which were fabricated within tolerance. In these cases,
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the approach to date has been to accept low levels of leakage while remedial .
measures are being developed in the laboratory and tested on a trial basis in the

plant. However, this type of problem has led to steam generator replacement at

one plant (Obrigheim) and is a contributing factor in planning for replacement at

another (Ringhals 2).

While tubes can be plugged or sleeved when cracks or leakage reach the established
acceptance criteria, the better approach would appear to be to take appropriate
action to prevent a significant problem from developing in the first place.

PLANTS POTENTIALLY AT RISK

A data base of key parameters pertaining to primary side IGSCC has been compiled
for each of the 97 plants containing Westinghouse type steam generators fabricated
from non thermally treated alloy 600 tubing. The purpose of this compilation is
to assist in assessing risk of primary side IGSCC occurring at a specific plant.

Based on the extent of primary side IGSCC which has already occurred, and the
current state of predictive modeling, none of the Westinghouse plants with non
thermally treated alloy 600 tubing should be considered as being immune to primary
side IGSCC over its design lifetime. Rather, it is considered that primary side
IGSCC will continue to be an increasing concern as plants age and that there will
be a wide range of time to crack initiation and extent of cracking between
different plants and within individual steam generators.

In making plans regarding inspection programs and possible remedial measures, it
is desirable to be able to assess the relative risk of primary side IGSCC
occurring at a particular plant. There are two major factors which should

o .
be taken into account in such an assessment. Ao

Material Susceptibility

Material susceptibility appears to be the most significant single factor regarding
potential for primary side IGSCC. If the material is at the high end of the
susceptibility range, then the evidence suggests that primary side IGSCC will most
likely be a significant problem regardless of the specific fabrication processes
used. On the other hand, if the material is at the low end of the susceptibility
range, then the evidence indicates that primary side IGSCC will most 1ikely not be
a significant problem unless there are unique situations such as denting which
produce very high and persistent tensile stresses. There are several ways of
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assessing the material susceptibility. In order of increasing accuracy, and
increasing effort required, the methods and indication of material susceptibility
are as follows:

Material Susceptibility

Characteristic Low _ High
e Material Grain Size Large (<ASTM 6) Small (>ASTM 10)
e Mill Annealing >1850°F (1010°C) <1750°F (955°C)
Metal Temperature
o Carbide Morphology Copious intergranular Few intergranular
carbides carbides
e Cracking of Reverse Not determined Cracking in 2-8 wks.

U-bends in High
Temperature Water

The first of these checks can sometimes be performed by review of material
records, although many records must be reviewed since there can be more than 200
heats of material per steam generator. The mill anneal temperature can sometimes
be obtained from fabrication records, but oftentimes can only be estimated based
on the typical conditions known to be in use when the tubing was manufactured.
The last two tests require archive material or material removed from the steam

generator.

Fabrication Details

For susceptible material, the rate at which primary side IGSCC cracking problems
develop and the ultimate extent of the problem appears to be significantly
affected by the fabrication details. In particular, fabrication details which
produce higher levels of tensile residual stresses on the inside surface of the
tube lead to more rapid and severe cracking than processes which produce lower
stresses. Fabrication details known to produce more rapid and severe cracking
include:

] First and second row U-bends formed by Westinghouse ball
mandrel process

° First and second row U-bends with more than 10% ovality

° Out of tolerance tube expansion including: oversize holes in
the tube sheet, incomplete expansion in the tube sheet (skip
rolls, incomplete overlap), over expansion in the DAM* area, etc.

(] Tube sheet expansion process which produces high residual stresses
such as by roller expansion

* ghDAr or kiss roll is a partial expansion, located immediately above the tube
eet.
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Even though out of tolerance conditions accelerate cracking, plant experience and
SCC tests have indicated that highly susceptible tubes fabricated within normal
manufacturing tolerances can also develop cracks.

REMEDIAL MEASURES

A number of corrective and remedial measures have been discussed, and extensive
analysis and testing has been accomplished in support of many of these concepts.
For cases where cracking has already occurred, the only currently viable
corrective measures are to install plugs or sleeves. The choice between the two
generally depends upon the number of excess tubes, and how extensive the cracking
problem is and is 1likely to become. In the longer term, it is hoped that some of
the remedial measures, such as in-situ stress relief or peening can be shown to
stop the further propagation of small cracks. However, this has not been
demonstrated to date.

For tubes which have not yet cracked there are a number of possible remedial
measures. The most attractive and most thoroughly explored measures at present
include the following:

° Local thermal stress relief of U-bends using an electric
resistance heater.

() Local thermal stress relief of expansion transitions using
' an induction heater.

] Global heat treatment of the entire tube sheet using
electric resistance heaters.

° Rotopeening or shot peening of expansion transitions.

In each case, there are still some outstanding technical concerns. For the case
of U-bend stress relief and local thermal stress relief of expansion transitions,
the major concern at present is process temperature control. For the case of
global thermal heat treatment of the tube sheet the major concern is sensitization
of the tubing. For the case of peening, the major concern is the level of tensile
residual stress induced on the outside surface of the tube, and its effect on
secondary side cracking. A complete discussion of each of the remedial measures
is beyond the scope of this summary and can be found in section 6 of the report.

SUGGESTED COURSE OF ACTION

There are two sides to the decision as to whether or not to take remedial measures
to prevent primary side IGSCC in steam generator tubing:
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1. It is undesirable to apply remedial measures if they are
not necessary. Such work is costly and there is some level
of risk that the remedial measures may produce an
undesirable side effect.

2. On the other hand, it is also undesirable to let primary
side IGSCC initiate. It is far easier to prevent cracks
from initiating in the first place than it is to arrest the
propagation of existing cracks. A complicating factor in
this regard is that the best current ECT inspection techniques can
only reliably pick up cracks when they reach about 40% of wall
thickness.

In this 1ight, the following course of action is suggested for three
categories of plants:

) Plants with Low Material Susceptibility - For plants with
known low material susceptibility (as demonstrated by about
8-10 years operation without problems, or by materials
examination and SCC tests), cracking should develop slowly,
if at all. In these cases, primary attention should be
directed towards using the best available inservice
inspection methods to detect cracks at the earliest possible
stage. Remedial measures can be considered at a future date
if warranted.

] Plants with High Material Susceptibility - For plants with
known high material susceptibility (as demonstrated by more
than a few isolated cracks occurring in operation, or by
materials evaluation), remedial action should be seriously
considered for implementation in the near future. In most
of these cases, the first and second row U-bends should be
either stress relieved or plugged depending primarily on
available tube margin. Expansion transitions should be
stress relieved, heat treated, or peened. It should further
be confirmed that the sections of expanded tubing
immediately below the expansion transitions which must
resist tube pullout are properly expanded and free from
cracks.

) Plants with Unknown Material Susceptibility - For plants
with unknown material susceptibility (i.e. new plants, or
those which have been in operation less than 8-10 years
without cracks), initial priority should be placed on
assessing the material susceptibiiity. The approach to be
used in this assessment is outlined in the section titled PLANTS
POTENTIALLY AT RISK. For material of questionable susceptibility
after such evaluation, the decision to take remedial measures
could well depend on the plant status. For new plants where the
cost of applying remedial measures is relatively Tow and the risk
of problems due to application of remedial measures is also low,
it will usually be preferable to proceed with remedial measures
prior to going into operation. For plants already in service, it
may be preferable to proceed with a rigorous inspection program
and hold off on remedial measures until it is known whether there
will be a problem.
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In addition to this course of action for utilities, it is suggested that EPRI and .
the industry pursue development and qualification testing of field hardened

corrective action procedures such as in-situ stress relief, shot peening,

rotopeening, and global heat treatment. This effort is required to assist

utilities in evaluating the cost and risk of various alternative approaches.

Further effort is also warranted in development of ECT methods to provide early

indication of this type of cracking.




Section 1

INTRODUCTION

There have been a significant number of occurrences of cracking of Ni-Cr-Fe alloy
600 tubing in PWR steam generators (1). The types of cracking problems which have
been experienced and the basic conditions under which they have occurred are
indicated in Table 1-1. This report is directed towards the first of these
problems: primary side intergranular stress corrosion cracking (IGSCC). Primary
side IGSCC, also known as Coriou or "pure water" cracking, is a particularly
significant problem in that it can develop over a period of years under normal
primary side water chemistry conditions with no identifiable contaminants.
Problems related to caustic attack and sulfur species attack, on the other hand,
can be minimized or avoided by careful attention to water chemistry control.

There are two basic categories of primary side IGSCC. The first is denting
related and has occurred at tube support plate intersections and U-bend apexes,
and could potentially occur at the top of the tube sheet. This type of primary
side IGSCC can be minimized or e]iminated'by following recommendations in the
Steam Generator Owners Group Design and Operating Guidelines (2) and is,
therefore, not addressed in this report. The second category of primary side
IGSCC is non denting related and occurs at U-bends, expansion transitions and roll
expanded areas. This type of IGSCC is not prevented by following the Design and
Operating Guidelines and is the subject of the remainder of this report.

With few exceptions, primary side IGSCC problems have been limited to Westinghouse
type steam generators fabricated by Westinghouse or its licensees. The main
reasons that primary side IGSCC has not occurred extensively in Babcock and Wilcox
and Combustion Engineering plants are believed to be as follows:

] Babcock and Wilcox - During fabrication, Babcock and Wilcox once
) through steam generators were subjected to a global stress relief
heat treatment. This process reduced local residual stresses in
the tubing which are a necessary factor for primary side IGSCC to
occur, and also resulted in carbide precipitation at the grain
boundaries, which made the material less susceptible to pure water
- type cracking. These improvements were achieved, however, at the
expense of sensitizing the tubing which makes the tubing more
susceptible to the sulfur species attack described in Table 1-1.
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] Combustion Engineering - There are two main factors believed to
account for the absence of primary side IGSCC in Combustion
Engineering steam generators. First, most tubing was mill annealed
at a higher temperature than the tubing used in Westinghouse type
steam generators. Higher mill anneal temperatures tend to reduce
susceptibility of the material to primary side IGSCC. Second, the
procedures used to expand the tubing in the tube sheet and to
fabricate the U-bends are believed to have resulted in lower
tensile residual stresses.

The purposes of this report are to 1) summarize the current status of nondenting
related primary side IGSCC in Westinghouse type steam generafors, 2) tabulate the
specific Westinghouse type plants which appear to have potential for primary side
IGSCC, 3) describe the corrective action programs being pursued, and 4) suggest a
course of action relative to primary side IGSCC.

It should be noted that the written text of this report was largely finalized in
January 1985, but that some later primary side cracking occurrences were added to
the data base and tables to make them as current as practical.
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TYPES OF PWR STEAM

Table 1-1

GENERATOR TUBE CRACKING PROBLEMS

Time to Locations in Typical Plants
Problem Develop Water Conditions Contaminants Steam Generator Experiencing Problems
Primary Side Years Primary Water None Identified Points of High Stress
Intergranular 316°C (600°F) - U-Bend Tangent - Trojan
Stress Corrosion High pH (5.5 - 8.0) - U-Bend Apex - Surry 2
Cracking Zero Oxygen - Roll1 Transition - Doel 2
(Coriou Cracking) (Reducing Environment) - Dented Tube Support - Surry 182
Lithium Hydroxide, Plate Intersections
Boric Acid, - Rolled Tubes in - Doel 3
Dissolved Hydrogen Tube Sheets
Secondary Side Weeks 288-324°C (550-615°F) Sodium, Potassium | Points Where Sodium
Caustic Stress 10% NaOH and Possibly Concentration can
Corrosion Cracking {Reducing Environment) Carbonates Build to High Levels
- Tube Sheet Crevice - Ringhals 2
- Sludge Pile - Point Beach
Sulfur Species Hours 21-93°C (70-200°F) Sulfur Oxy Anions | Anyplace on Sensitized | - TMI #1 (Primary)

Attack

Low Levels of Sulfur
(few ppm Sulfur if
Alternate Wetting
and Drying Occurs)
(Partially Oxidizing
Environment)

- Organics

- Resin Breakdown
- 0il1 Inleakage

- Resin Regen-
eration
Thiosulfates

Tubes Where Chemicals
Concentrate (Crevices,
Stagnant Water/Air
Interfaces, etc.)

- Palisades (Secondary)
- Tihange 1 (Secondary)
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The following is a summary, for each location in the steam generator, of the types
of cracking which have been reported:

U-BENDS

U-Bend Apex

Non denting related primary side IGSCC at the U-bend apex has only been confirmed
at Doel 2 and Beznau 2, and there is an unconfirmed case at Obrigheim. The best
documented of these cases is the 1979 incident at Doel 2 in which a tube ruptured
suddenly at operating pressure and temperature with the plant at zero power. The
lTeak rate was estimated to be on the order of 150 gpm. Dobbeni, et al. (4) have
described this crack as longitudinal, located at the U-bend apex, and with a
length of 2.75 inches (7 cm) (see Figure 2-1). The crack has been attributed to
high stresses resulting from excessive ovality. Corrective action consisted of
plugging all first row tubes with high ovality, and there have been no further
reports of U-bend cracking at Doel 2.

In summary, non denting related primary side IGSCC at the U-bend apex
region has not been a widespread problem.

U-Bend Tangent

Primary side U-bend tangent cracking has been reported at a number of plants with
Westinghouse manufactured tubing. The best documented of these cases are Trojan
and Takahama 1 (5, 6). As shown in Figure 2-2, cracks in both of these cases
developed at the U-bend tangents between the tube flank and extrados. Visual
examination of tubes removed from both Trojan and Takahama 1 showed that the
cracks occur at an abrupt change in geometry at the transition from the U-bend to
the straight section of tube. This change in geometry has been described as an
"irregular" or "opposite" transition and has been attributed to the ball mandrel
process used by Westinghouse to form the bends. Based on in situ nondestructive
examination, U-bend tangent leakage at other plants is believed to have a similar

cause.

Mitsubishi tests, described in Appendix C to this report, confirm the detrimental
effect of the "opposite" transition on time to failure in accelerated SCC tests as
compared to transitions produced by the plastic cylindrical mandrel procedure used
by the Japanese tube supplier, Sumitomo. It should be noted, however, that the
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The following is a summary, for each location in the steam generator, of the types
of cracking which have been reported:

U-BENDS

U-Bend Apex

Non denting related primary side IGSCC at the U-bend apex has only been confirmed
at Doel 2 and Beznau 2, and there is an unconfirmed case at Obrigheim. The best
documented of these cases is the 1979 incident at Doel 2 in which a tube ruptured
suddenly at operating pressure and temperature with the plant at zero power. The
leak rate was estimated to be on the order of 150 gpm. Dobbeni, et al. (4) have
described this crack as longitudinal, located at the U-bend apex, and with a
length of 2.75 inches (7 cm) (see Figure 2-1). The crack has been attributed to
high stresses resulting from excessive ovality. Corrective action consisted of
plugging all first row tubes with high ovality, and there have been no further
reports of U-bend.cracking at Doel 2.

In‘summary, non denting related primary side IGSCC at the U-bend apex
region has not been a widespread problem.

U-Bend Tangent

Primary side U-bend tangent cracking has been reported at a number of plants with
Westinghouse manufactured tubing. The best documented of these cases are Trojan
and Takahama 1 (5, 6). As shown in Figure 2-2, cracks in both of these cases
developed at the U-bend tangents between the tube flank and extrados. Visual
examination of tubes removed from both Trojan and Takahama 1 showed that the
cracks occur at an abrupt change in geometry at the transition from the U-bend to
the straight section of tube. This change in geometry has been described as an
"irregular" or "opposite" transition and has been attributed to the ball mandrel
process used by Westinghouse to form the bends. Based on in situ nondestructive
examination, U-bend tangent leakage at other plants is believed to have a similar
cause.

Mitsubishi tests, described in Appendix C to this report, confirm the detrimental
effect of the "opposite" transition on time to failure in accelerated SCC tests as
compared to transitions produced by the b]astic cylindrical mandrel procedure used
by the Japanese tube supplier, Sumitomo. It should be noted, however, that the
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Section 2

CURRENT STATUS OF PRIMARY SIDE IGSCC PROBLEMS

Nondenting related primary side IGSCC of alloy 600 tubing has been reported at
several locations within Westinghouse type steam generators. These locations, and
the plants reporting primary side IGSCC at each location are outlined in Table
2-1. This cracking represents a significant problem. For example:

] 0f the 47 plants operating at least 5 years (startup prior to
1980), over half of the plants have experienced varying degrees of
primary side IGSCC. This has ranged from cracking of a few tubes
at Zorita 1 and Prairie Island 1 to extensive cracking of
thousands of expansion transitions at Doel 2 and the preventive
plugging of all row 1 U-bends at a number of stations including
Takahama 1, Trojan, Ringhals 2, North Anna 1, Zion 1, and Ohi 1.

. In several cases, such as Farley 1, North Anna 1, and Tihange 2,
cracking has occurred within the first fuel cycle.

° Primary side IGSCC has occurred in steam generators
fabricated by each of the suppliers of Westinghouse type
steam generators, i.e., Westinghouse, Cockerill, Framatome,
Siemens, and Mitsubishi.

° The Obrigheim steam generators were replaced due to increasing
numbers of small leaks resulting from primary side IGSCC at roll
transitions (3). :

) Even the earliest plants, which are operated at lower
temperature, and which are generally thought to have been
fabricated using tubing mill annealed under more optimum
conditions, have shown signs of primary side IGSCC as
evidenced by experience at Zorita 1 and Beznau 2. For
example, the first cracking at Zorita 1 was reported after
about 14 years of operation.

While many plants have exhibited primary side 1GSCC problems, there are also many
plants of similar vintage, and fabricated by four of the five manufacturers, which
have so far been free from such problems. Significant examples, with about 8
years or more of operating experience each, include: Ginna, Point Beach 1, Point
Beach 2, Indian Point 2, Kewaunee, Prairie Island 2, Doel 1, Indian Point 3, Salem
1, Genkai 1, Fessenheim 2, and Takahama 2. While this is encouraging, the oldest
of these plants has only been in operation 15 years. Primary side IGSCC may yet
become a problem at some of these plants before their design 1ife is reached.
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The following is a summary, for each location in the steam generator, of the types
of cracking which have been reported:

U-BENDS

U-Bend Apex

Non denting related primary side IGSCC at the U-bend apex has only been confirmed
at Doel 2 and Beznau 2, and there is an unconfirmed case at Obrigheim. The best
documented of these cases is the 1979 incident at Doel 2 in which a tube ruptured
suddenly at operating pressure and temperature with the plant at zero power. The
leak rate was estimated to be on the order of 150 gpm. Dobbeni, et al. (4) have
described this crack as longitudinal, located at the U-bend apex, and with a
length of 2.75 inches (7 cm) (see Figure 2-1). The crack has been attributed to
high stresses resulting from excessive ovality. Corrective action consisted of
plugging all first row tubes with high ovality, and there have been no further
reports of U-bend cracking at Doel 2. ‘

In summary, non denting related pr1mary side IGSCC at the U-bend apex
region has not been a widespread prob1em

U-Bend Tangent

Primary side U-bend tangent cracking has been reported at a number of plants with
Westinghouse manufactured tubing. The best documented of these cases are Trojan
and Takahama 1 (5, 6). As shown in Figure 2-2, cracks in both of these cases
developed at the U-bend tangents between the tube flank and extrados. Visual
examination of tubes removed from both Trojan and Takahama 1 showed that the
cracks occur at an abrupt change in geometry at the transition from the U-bend to
the straight section of tube. This change in geometry has been described as an
"irregular" or "opposite" transition and has been attributed to the ball mandrel
process used by Westinghouse to form the bends. Based on in situ nondestructive
examination, U-bend tangent leakage at other plants is believed to have a similar
cause.

Mitsubishi tests, described in Appendix C to this report, confirm the detrimental
effect of the "opposite" transition on time to failure in accelerated SCC tests as
compared to transitions produced by the plastic cylindrical mandrel procedure used
by the Japanese tube supplier, Sumitomo. It should be noted, however, that the
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In addition, numerous ECT indications, affecting about 5% of the tubes in one
sample, occurred at roll transitions or in the fully expanded areas of the tubes.

At Tihange 2, leaks occurred in 11 to 14 tubes within the first year and a half of
operation. Based on ECT examination, the leaks are believed to be due to short
longitudinal through wall cracks in the transition region between the top of the
main roll and the DAM roll. In addition, ECT indications have been detected in
roll transitions and in the fully expanded areas of 10% of the tubes inspected in
one steam generator. Most of the leaks and cracks appear to have occurred in
tubes with no detectable abnormalities in rolling profile.

EdF laboratory metallurgical examination of tubes removed from Doel 3 has
indicated that the material has intragranular carbides and an ASTM grain size of
10-11. Mockup tests using stainless steel tubes in boiling magnesium chloride or
sensitized alloy 600 tubes in sodium tetrathionate have shown that expansion
transition cracks occur in tubes meeting normal manufacturing limits which
indicates that residual tensile stresses over about 10 ksi (69 MPa) are present.
The main remedial measures used to date at Doel 3 and Tihange 2 are ECT
inspections and plugging of defective tubes, although other remedial measures are
being considered.

EXPANSION TRANSITIONS - CIRCUMFERENTIAL CRACKS

Circumferential cracks are of special concern since they increase the risk of
sudden tube rupture without the warning normally provided by Tow level leakage .
from longitudinal cracks. Fortunately, circumferential cracking has not been a
major problem to date, and the reported examples are limited to Fessenheim 1,
Obrigheim, Zorita 1, Dampierre 1, Doel 2 and Ringhals 2. The details associated
with these cases are as follows:

Fessenheim 1

Fessenheim 1 steam gené}atbr tubes were originally rolled over the bottom 8

cm (3.15 inches) and then explosively expanded over the full depth prior to
operation using the Wextex process. Circumferential cracks were first detected on
the ID of tubes in one steam generator about four years after the plant went into
service, and to date, about 80 tubes in this steam generator have been plugged due
to these cracks. The cracks, shown in Figure 2-7, have been isolated to one small
area in the hot leg sludge pile region. The cracks range from about 0.5 inches
(1.2 cm) below the top of the tube sheet to 0.75 inches (1.9 cm) above the top of
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The following is a summary, for each location in the steam generator, of the types
of cracking which have been reported:

U-BENDS

U-Bend Apex

Non denting related primary side IGSCC at the U-bend apex has only been confirmed
at Doel 2 and Beznau 2, and there is an unconfirmed case at Obrigheim. The best
documented of these cases is the 1979 incident at Doel 2 in which a tube ruptured
suddenly at operating pressure and temperature with the plant at zero power. The
leak rate was estimated to be on the order of 150 gpm. Dobbeni, et al. (4) have
described this crack as longitudinal, located at the U-bend apex, and with a
length of 2.75 inches (7 cm) (see Figure 2-1). The crack has been attributed to
high stresses resulting from excessive ovality. Corrective action consisted of
plugging all first row tubes with high ovality, and there have been no further
reports of U-bend cracking at Doel 2.

In summary, non denting related primary side IGSCC at the U-bend apex
region has not been a widespread problem.

U-Bend Tangent

Primary side U-bend tangent cracking has been reported at a number of plants with
Westinghouse manufactured tubing. The best documented of these cases are Trojan
and Takahama 1 (5, 6). As shown in Figure 2-2, cracks in both of these cases
developed at the U-bend tangents between the tube flank and extrados. Visual
examination of tubes removed from both Trojan and Takahama 1 showed that the
cracks occur at an abrupt change in geometry at the transition from the U-bend to
the straight section of tube. This change in geometry has been described as an
"jrregular" or "opposite" transition and has been attributed to the ball mandrel
process used by Westinghouse to form the bends. Based on in situ nondestructive
examination, U-bend tangent leakage at other plants is believed to have a similar
cause.

Mitsubishi tests, described in Appendix C to this report, confirm the detrimental
effect of the "opposite" transition on time to-failure in accelerated SCC tests as
compared to transitions produced by the plastic cylindrical mandrel procedure used
by the Japanese tube supplier, Sumitomo. It should be noted, however, that the
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Dampierre 1
Alloy 600 tubes at Dampierre 1 were rolled over the full depth of the tube sheet

and then subjected to a DAM treatment above the original expansion transition.
Approximately three years after the plant went into service, ECT inspection '
revealed the presence of significant defects in the roll transition of a tube.

The tube was removed for examination and found to have a circumferential defect
extending all around the tube and penetrating 75-90% through the tube wall
thickness. As shown in Figure 2-8, the defect was located in the overlap region
between the top of the original roll and the DAM roll. A similar, though smaller,
circumferential defect was found in another tube. The two tubes with
circumferential defects, as well as two other pulled tubes without circumferential
defects, all had short longitudinal cracks in their roll transitions.

The EdF evaluation of this defect indicates that it was the combined result of the
original roll transition being too high, and the DAM rol11 having too large an
expansion [16 mils (0.4mm) vs. the design value of 4-8 mils (0.1-0.2 mm)]. Mockup
tests to determine more precisely the specific combinations of rolling conditions
which can lead to early circumferential cracks are still underway at EdF. The
remedial measures taken to date have been to preventively plug tubes which are
judged to have susceptible geometric conditions based on earlier ECT results. The
number of tubes plugged in Dampierre 1 steam generators for this reason range
between 1 and 18.

In summary, the type of circumferential cracking observed at Dampierre 1 has not
been reported elsewhere to date and thus does not yet represent a generic problem.
However, as in the case of Fessenheim 1, this experience indicates that
significantly sized circumferential cracks can occur in alloy 600 tubing before
large longitudinal cracks develop, if the right conditions are present.

Doel 2

As described earlier, Doel 2 has experienced numerous short primary side
Tongitudinal cracks in the roll transition region., In addition, during
metallographic examination of a tube pulled for other reasons, it was noted

that there was a short circumferential crack intersecting a longer longitudinal
~crack in the hard rolled area just below where the roll transition meets the fully
expanded area (12).
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the tube sheet, and have resulted in a leakage rate of 12 gph (48 liter/h) or
less.

EdF mockup tests (11) indicate that longitudinal residual stresses on the tube ID
produced by the type of explosive expansion used at Fessenheim are on the order of
15-22 ksi (103-152 MPa) in the expansion transition region. These stresses were
sufficient to cause primary side SCC of explosively expanded stainless steel tubes
tested in boiling magnesium chloride. Thus, the residual stresses from the
explosive expansion may be a contributing factor in the cracking. It was also
noted, however, that some of the tubes pulled from the plant were bowed, and that
cracks, if any, occurred on the extrados of the bow. The cause and significance
of the bowing have not yet been determined, although it may indicate that there
was some mechanical damage which explains the Tocalized nature of the cracking.

In summary, It is tentatively concluded that the circumferential cracking in one
steam generator at Fessenheim 1 is an isolated problem without significant generic
implications. However, since there are no known differences between Fessenheim 1
and other Wextex expanded steam generators, there remains the potential that this
is a precursor of a more general problem.

Obrigheim

As indicated in the previous section, and shown in Figure 2-5, expansion
transition cracking at Obrigheim was both longitudinal and circumferential. The
leakage resulting from these cracks led ultimately to the decision to replace the
steam generators.

Zorita 1

Limited data is available regarding the circumferential cracking which occurred at
Zorita 1. It is understood, however, that the circumferential cracks are located
at the bottom transition of an intermittent rolled area about 2-4 inches (5-10 cm)
above the bottom of the tube sheet. (There apparently was a skip rolled area 1 to
2 inches (2.5 to 5 cm) above the bottom of the tube sheet.) The circumferential
cracks at this location penetrate about 60% through the tube wall. There are also
short longitudinal cracks in this skip roll transition as well as in the main
transition at the top of the rolled area.
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have been placed in compression and could easily have tensile stresses. SCC tests
on stainless steel tubes and sensitized alloy 600 tubes show that ID cracking can
occur in rolied tubes meeting normal manufacturing limits [{i.e., with 6 mil
(0.15mm) diametral waves in the tube ID profile] (14), which indicates that
tensile stresses of about 10 ksi (69 MPa) were present.

The main remedial measures applied to date at Doel 3 and Tihange 2 are ECT

inspections of defective tubes, although other remedial measures are being
considered.
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Ringhals 2 .

As described earlier, Ringhals 2 has experienced numerous short primary side
cracks in the roll transition region. In addition, metallographic and NDE
examination of pulled tubes has revealed several cases where primary side
circumferential cracks exist in the fully rolled area about 0.25 inch (0.6 cm)
below the bottom of the roll transition.

EXPANDED AREAS

In addition to cracks in the expansion transition regions, a number of plants have
reported cracks within the expanded area for tubes expanded using a multiple
rolling procedure. One of the better documented examples is Doel 3. After about
10,000 hours of operation, leaks were discovered at three tubes. Subsequent
examination showed that the tubes at these locations were installed in oversize
holes and had not been fully expanded to provide proper contact with the tube
sheet. Subsequent.examinations have shown cracks at roll overlaps, skip rolls and
non-overlap areas in tubes installed in normal size holes. Most of the cracks
observed were short and longitudinal; however, some of the cracks have a
circumferential component.

The cause of the improperly expanded tubing at Doel 3 has not been determined.

The roll expansion was performed using a semi-automatic tool which is supposed to
roll each pass of about 1 inch (2.5 cm) length until a preset torque is reached,
and is then raised to the next higher roll position. If a tube does not contact
the tube sheet when expanded (see Figure 2-9), the required torque should not be
reached. However, for unknown reasons, the tool was apparently raised in some
oversize holes before the required torque was reached. This resulted in the tube
not being expanded(into contact with the tube sheet. One factor in this situation
is that the rollers had a maximum range which would not provide the required tube
expansion in some oversize holes; i.e., a-tool change would have been necessary to
complete the expansion.

Many Doel 3 and Tihange 2 tubes in holes meeting the specified dimensional

tolerances have ID profile "waves" approaching the manufacturing Timit of 6 mils

(0.15mm). While the cause of the "waves" has not been explained in all cases,

reference (13) indicates that, in some cases, the evidence suggests that the

rollers were conical rather than parallel. This could possibly be due to the

result of metal pickup on rollers, or some other similar phenomenon. The

dimensions of the "waves" are such that the peaks of some of the "waves" may not ‘
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. Table 2-1 (Continued)

WESTINGHOUSE TYPE PLANTS WITH REPORTED PRIMARY SIDE IGSCC

EXAPANDED AREAS
LOCATION LONGITUDINAL T65CE{CIRCUMPERENTIAL T6$CC
SKETCH rr\_w W ~n
1 -
¥
TYPICAL REPORTED
LEAK RATE (GPM)
PLANTS AFFECTED
Almaraz 1* Doel 3
Bugey 3
Dampierre 143
Doel 243
Ikata 1
McGuire 1*
Mihama 3
Ohj 182
Ringhals 384+
Summer*
Tihange 2*
' * ECT indications
. only
U-BENDS
LOCATION
APEX TANGENT
SKETCH
TYPICAL REFORTED :
LEAK RATE (GPM 150 0.05-0.10
PLANTS AFFECTED
. Bugey 283
poznau 2 Cook 182
Obrigheim Farley 1

Fessenheim 1
North Anna 1

Ohi 1

Prairie Istand 1
Ringhals 2
Sequoyah 1
Sutmer

Takahama 1

Trojan
. Zion 182
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Table 2-1

WESTINGHOUSE TYPE PLANTS WITH REPORTED PRIMARY SIDE IGSCC

EXPANSION TRANSITIONS - LONGITUDINAL 16 ScC
LOCATION FULL DEPTH- "/ DAM | FULLDEPH -WITH DAM PART DEPTH INTERMITTENT
SKETCH
. /us 1Y)
).
¥/ )5 \N l E
J?vmcm. REFORTED
LEAK RATE (GPM) 0.05 0.005
PLANTS AFFECTED
Almaraz 1 Bugey 5 Cook 2 Doel 2+
?:9'-” 384 Dampierre 183 Doel 2 Obrigheim
m;t‘ 1 Doel 3 Mihama 2 Zorita**
Ohia? 3 Gravelines 3 Ringhals 2
Tihange 2 Takzhama 1 *hybrid mech.-
Tricastin 3 hydraulic expansion
at mid height
**top expanded area
-2-4" above bottom
of tube sheet
EXPANSION TRANSITIONS - CIRCUMFERENTIAL I&SCC
LOCATION FULLDEPTH-“} DAM [FULLDEPTH WITHDAM | PART DEPTH INTERMITTENT
SKETCH ﬂ
TYPICAL REFORTED
LEAK RATE (GPM)
PLANTS AFFECTED
Fessenheim 1 Dampierre 1 Doel 2 Obrigheim
(explosive expansion) | (improper rolling) Ringhals 2 Zorita
(central tubes (cracks all very (bottom roll
f steam 0
:eng::tnr ) short, £5 m) transitions)
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Section 3

CAUSE OF PRIMARY SIDE IGSCC

Metallurgical examination of pulled tubes has indicated that primary side cracking
in the tube sheet region, at tube support plate jntersections, and in U-bends of
Westinghouse type steam generators has been intergranular stress corrosion
cracking (IGSCC). Except for one early case at Obrigheim, this cracking has
occurred under conditions of normal Westinghouse primary water chemistry with no
significant abnormalities reported. It is generally considered that this cracking
is classical "pure water" IGSCC of the type first reported by Coriou in 1959 (16).
As is the case with all stress corrosion cracking, this type of IGSCC requires the
coincidence of three factors:

1. Susceptible Material
2. Aggressive environment

3. Tensile stresses

The following is a discussion of these three factors as they relate to the problem
of primary side IGSCC of alloy 600 steam generator tubing, and a rough estimate of
the time to failure for susceptible material under various conditions of stress
and temperature.

SUSCEPTIBLE MATERIAL

A considerable body of literature, starting with Coriou, has reported the
susceptibility of alloy 600 tubing to IGSCC in pure water environments. The major
question regarding primary side I1GSCC of Westinghouse type steam generators is why
some lots of alloy 600 tubing are mére susceptibie to IGSCC than other lots
operating in essentially identical environments and with similar operating
stresses and fabrication techniques.

Detailed investigations are being performed by a number of organizations to
determine the factors which affect the susceptibility of alloy 600 tubing to
primary side IGSCC. Results to date indicate that neither the chemistry nor the
mechanical properties of alloy 600 are the primary factors controlling
susceptibility. Rather, susceptibility appears to be most strongly related to the
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. reduced dissolution (see Figure 3-la). At a mill anneal
temperature of about 1950°F%1065°C), few intragranular carbides
rema;n after cooling, indicating improved dissolution (see Figure
3-1b).

() During cooling, carbides precipitate out at the new grain
boundaries. The amount of carbide precipitation depends on
the amount of carbon in solution. As carbides precipitate,
they deplete the chromium concentration locally. The amount
of chromium depletion is a function of the cooling rate.
Sensitization will occur if the time-temperature falls into
a band as indicated in Figure 3-2. Sensitization is
undesirable, since it makes the material susceptible to
acid sulfur species attack, as indicated in Table 1-1.

The different heat treating conditions which have been used, and the resultant
effect on key tube parameters has been reviewed by Owens (21). A summary of this
work and some recent data are outlined in Tables 3-1 and 3-2 and are discussed
below:

° Prior to the early 1970's, alloy 600 tubing used in most
Westinghouse type plants was processed by Huntington using a
high 1800-1950°F (982-1065°C) final mill anneal temperature.
. Mi1l anneal conditions in this range are sufficient to
\ produce recrystallization, large grain size (typical ASTM
‘ ' No. 6), and good dissolution of carbides. Carbides are then
~ free to reprecipitate at the new grain boundaries during
_cooling. While this material tends to have a low yield
— strength, it is resistant to primary side IGSCC. Tubing for most
early (pre 1971) Westinghouse type steam generators, and all
Combustion Engineering steam generators, is believed to haye
been produced using high mill anneal temperatures, and should
therefore be relatively resistant to primary side IGSCC. It
should be noted, however, that a few early Westinghouse type steam
generators were fabricated used tubing processed with low mill
anneal temperatures and are relatively susceptible (e.g.,
Mannesmann tubing used in Obrigheim and Doel 2).

e Starting in the early 1970's, the mill anneal metal temperature
for tubing used in most Westinghouse type plants was Towered to
about 1750°F (955°C), or lower, apparently to increase the tubing
yield strength. This mill anneal temperature is high enough to
cause recrystallization, but is not high enough to cause much
grain growth or carbide dissolution. Thus, it results in smaller
size grains (typical ASTM No. 8-11), and reduced rate of carbide
dissolution as compared to the previous higher mill anneal
temperatures. This leads to a higher concentration of
intragranular carbides and a lower concentration of desirable
intergranular carbides. This material retains good resistance to
sulfur species attack, but is more susceptible to primary side
IGSCC than material mill annealed at higher temperatures.

tubing was changed primarily to increase the resistance to

‘ ° During the late 1970's, the final heat treatment of the
secondary side caustic attack. However, this change also
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thermo-mechanical processing used during manufacturing which establishes the final
carbide morphology. Typical carbide morphologies of susceptible and resistant
tubing are shown in Figure 3-1. Tubes with increased quantities of grain boundary
“(intergranular) carbides tend to have improved resistance to primary side 16SCC
(17,18,19 & 20). Susceptibility also appears to be related to material grain size
with larger grains having lower susceptibility (9). It is believed that
thermo-mechanical treatment of tubing which leads to carbide precipitation at
grain boundaries also leads to larger gain size and hence leads to the correlation
between grain size and susceptibility to IGSCC.

The most convincing practical example of the correlation between carbide
morphology and primary side IGSCC is the recent metallurgical examination of 14
tubes pulled from Ringhals 2 (7). As shown in Figure 2-4c, none of the three
tubes with significant amounts of intergranular carbides evidenced primary side -
IGSCC, while all but one of the eleven tubes which had small amounts of
intergranular carbides and significant amounts of intragranular carbides also
evidenced primary side IGSCC.

There are no firm conclusions at present regarding how the grain boundary carbides
improve the resistance to primary side IGSCC. Two speculative theories are that
1) the carbides act as dislocation sources and thus tend to promote plastic
deformation within the grains, as opposed to at the grain boundaries, and 2) the
carbides tend to mechanically strengthen the grain boundaries.

The main fabrication variable which controls the grain size and carbide morphology
is the heat treatment applied to the material after cold working to final tube
size. Significant aspects of the final tube forming and heat treatment process,
which affect material susceptibility, are as follows:

° Carbides exist at grain boundaries prior to the final

tube forming and heat treatment as a result of previous
forming and heat treating.

) During the final tube forming the material is cold worked.

) As the tube is mill annealed, the cold worked material
recrystallizes, leaving the old grain boundary carbides
within the boundaries of the new grains (i.e.
intragranular) if the temperature is below the C solvus.

° Dissolution of the carbides during recrystallization is
strongly temperature dependent. At a mill anneal
temperature of about 1800°F(980°C) and less, large amounts
of intragranular carbides remain after cooling, indicating
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Temperature variations are known to be a significant factor-in the aggressiveness
of the environment. There are two leading indicators of this fact. First, most
of the reported primary side IGSCC in tube expansion transitions has been on the
hot Teg rather than the cold leg side. Second, laboratory tests in pure water
using high1y strained specimens show u strong temperature dependence (see Figure
3-4), which indicates that the IGSCC has an activation energy in the range of
30-50 kcal/mole (22 and recent discussions with van Rooyen). An activation energy
of 34 kcal/mole would lTead to a 30% decrease in time to failure per 10 F° (5.6 C°)
temperature increase at 600°F (315°C).

The main conclusion regarding the environmental aspect of primary side IGSCC is
that, if the material is susceptible, and the tensile stresses are high enough,
the normal primary side environment will cause it to crack.

TENSILE STRESS

The first evidence of primary side IGSCC in Westinghouse type PWRs in the United
States occurred in the mid 1970's at dented tube support plate intersections and
in the deformed U-bends at Surry 1&2 and Turkey Point 3&4. This showed that alloy
600 tubing is susceptible to primary side cracking in the presence of yield
strength level stresses. This has subsequently been confirmed by laboratory
testing (22,17,18,19, & 20), and experience at non-dented plants. The experience
with denting related primary side IGSCC at Surry and Turkey Point is particularly
significant in that some of this material is thought to have been processed with a
high mi1l anneal.temperature, which would tend to make it more resistant to
primary side IGSCC than the material in some later plants.

Test data by Bandy and van Rooyen, shown in Figure 3-5, indicate that the time to
failure in elevated temperature water varies inversely with the fourth power of
the applied stress (22) .- |

TIME TO FAILURE

Rough estimates of the time to failure of susceptible alloy 600 tubing as a
function of environment and stress, can be made taking into account the above
factors and laboratory test data reported by Bandy and van Rooyen (22). The

approach is as follows:
() For susceptible heats of material in a pure water with
hydrogen environment at 689°F (365°C), and with stress at

. the yield point, failure occurs in about 8 weeks. (Note:
The actual material in a given plant may be more or Tess
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serves to increase the resistance to primary side IGSCC. The .
process, called "Special Thermal Treatment," involves a high mill

anneal temperature [>1950°F(1065°C)] followed by holding the

tubing at a lower temperature [1300°F(705°C)] for a Tong period of

time ?15 hours]. This process results in the desirable condition

of continuous carbides at the grain boundaries, and sufficient

time for the chromium concentration at the grain boundaries to

return to a level which will resist sulfur species attack (i.e. is

not sensitized).

° One variation, used by Babcock and Wilcox on once through
steam generators, is to stress relieve the entire steam
generator for about 10 hours at 1150°F(620°C) after final
assembly. This process results in a high concentration of
desirable intergranular carbides and relief of the
fabrication induced residual stresses. As a result, this
tubing has been free from pure water type primary side
IGSCC. However, the stress relief conditions result in
chromium depletion at the grain boundaries and a resultant
poor resistance to sulfur species attack. Sulfur species
attack has proven to be a problem at several B&W plants.

Work is currently underway to develop methods to predict the susceptibility of
alloy 600 tubing to primary side IGSCC based on material properties. To date,
material susceptibility appears to correlate most strongly with the

concentration of grain boundary carbides; however, there is some correlation to
grain size and material strength and hardness. The correlation between I1GSCC and
grain size for those plants in Table 5-1 for which grain size has been reported,
is shown in Figure 3-3.

In summary, it should be recognized that material susceptibility varies over a
large and continuous range. The most susceptible material will lead to cracks
within a year or less, while less susceptible material may not crack after 15
years of operation. Even the most resistant thermally treated material has some
degree of susceptibility and can be made to crack in a pure water environment in
the laboratory at high enough temperatures and stresses.

AGGRESSIVE ENVIRONMENT

Experience and tests have shown that primary water with normal chemistry and the

normal operating temperature range [e.g., 550-615°F (288-324°C)] is "aggressive"

towards some types of alloy 600 tubing. The presence of hydrogen appears to

significantly aggravate pure water IGSCC, while 1ithium hydroxide plus boric acid

éppears to reduce this effect. The net result is that primary water appears to be

intermediate in aggressiveness between the most aggressive case of pure water with

hydrogen overpressure, and the least aggressive case of pure water without ‘
hydrogen overpressure (22).
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These examples are in reasonable agreement with actual reported experience at some
plants at which Targe numbers of cracks have occurred in first row U-bends and hot
leg expansion transitions within the first few years of operation. The results
are also consistent with the experience at Ringhals 2, where incipient cracking
has been detected in the cold Yeg roll transitions after about 9 years of
operation, while hot leg transition cracks may have initiated during the first few
years of operation. Of course, there are also many plants such as Indian Point 2
and Kewaunee, with over 10 years operating experience and no reported primary side
IGSCC at all.

SUMMARY

Operating experience and laboratory test data have demonstrated that alloy 600
tubing material in some heat treatment conditions will crack in a normal PWR
primary water environment. The rate at which cracking occurs appears to be
dependent primarily upon the material microstructure, temperature, and local
tensile residual and operating stresses. Cracking will appear sooner under
conditions of more susceptible material, higher temperatures, and higher stresses.
Experience at Surry 1&2 and Turkey Point 3&4 indicates that even plants with
material generally considered to have a lTow susceptibility to cracking can rapidly
develop primary side cracks if exposed to high enough stresses.

In summary, no plant with non thermally treated alloy 600 tubing should be
considered as immune to primary side IGSCC. Rather, plants with less susceptible
material, lower temperatures, and lower stresses will take a longer time to
develop primary side cracks, and the rate of crack propagation will be lower.
Strong evidence of this fact is the recent report of primary side IGSCC in hot leg
roll transitions in the Zorita plant after about 14 years of operation. The tube
material at Zorita is a vintage which would be expected to have low susceptibility
to primary side IGSCC, and the hot leg temperature is relatively low in comparison
with newer plants.
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susceptible than the material used for these tests. For example,
tubing from Ringhals 2 failed within 2 weeks in such a test.)

) Failure in primary water occurs 1/2 as rapidly as in pure
water with hydrogen overpressure. €§‘:\_

) Temperature affects the rate of attack in accordance with the

normal factor for thermally controlled processes, e'Q/RT, where

Q is_the activation energy, R is the gas constant, and T is the
absolute temperature. Tests and service experience (22,1 and
recent discussions with van Rooyen) indicate a wide range of
activation energies (30-50 kcal/mole). For purposes of this rough
estimate, a Q of 40 kcal/mole has been assumed. For a hot leg
temperature of 610°F (321°C), this results in a Tife increase by a
factor of about 10.3 as compared to 689°F (365°C).

) The failure time varies inversely as the fourth power o
the stress.

For 1iSld-Sllﬁﬂﬂih-lSMQl.EEﬁsifffs and a temperature of 610°F (321°C), the rough
estimate of time to failure is about 3 years. Rough estimates of times to

failure for other stress levels and tube ID temperatures are shown in Figure 3-6.

Temperature distributions at several points along the length of the tube for a
typical Westinghouse type plant are computed in Appendix A. Operating and

residual stresses acting at expansion transitions and U-bends are reported in
Appendices B and C respectively. Using these data, and the curves in Figure 3-6,
it is possible to make rough estimates of the time to failure for susceptible
material at key locations within the steam generator. These predictions are
reported in Table 3-2.

While there is considerable uncertainty in each of the above assumptions, these
examples indicate that, for plants with susceptible material, initial cracking
could be expected to occur within several years after startup at locations such as
the first row U-bends and hot leg expansions within the tube sheet and sludge pile
regions. The rate of crack propagation will depend, of course, upon the through
thickness stress distribution. For example, propagation of cracks through the
tube thickness would be expected to occur most rapidly for the case of U-bends
where the externally applied operating stresses are the highest. These examples
also indicate that cracking would be expected to occur at hot leg roll transitions
well before cold leg roll transitions. '

3-6



6-€

Table 3-2

CORRELATION BETWEEN MILL ANNEAL METAL TEMPERATURE AND MATERIAL SUSCEPTIBILITY

Final Mill Anneal

Source of Data Metal Temperature (°F) Susceptibility to Primary Side IGSCC
Combustion Engineering > 1850 Excellent field performance
< 1850 Poor field performance
EdF Tests 1960 Not susceptible
1870 Marginal
1800 Highly susceptible
Doel 2 < 1730 Highly susceptible
1750-1800 Not susceptible
Trojan 1650-1750 Susceptible
Surry 2 < 1800 Susceptible with high stress
Ringhals 2 & 3 1750-1800 Susceptible
Ginna 1760-1814 +/ Not susceptible

Indian Point 3

1700-1760 . Not susceptible
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Table 3-1
SUMMARY OF TYPICAL STEAM GENERATOR TUBE CONDITIONS

Metal
Temp. During Annealing Chromium
Annealing Duration Yield at Grain Boundary IGSCC Sulfur
Process (°F) (min) (ksi) Boundary Carbides Resistance Resistance
Mill annealed 1900 3-5 45 Some Some Good Variable**
Depletion
Mill annealed 1750 3-5 65 Some Few Poor Good
Depletion
Stress relieved* 1150 600 60 Depleted Many Excellent Poor
Thermally treated* 1300 900 50 Not Many Excellent Excellent
Depleted

*%

Both the stress relieved and thermally treated material received a prior mill anneal heat treatment
which is not indicated in the above tables.

Some heats of this type mill annealed tubing experienced enough grain boundary carbide precipitation
to become sensitized and susceptible to sulfur species attack, e.g., Tihange 1, Palisades.
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a.

Susceptible to Primary Side IGSCC b. Resistant to Primary Side IGSCC
Few Grain Boundary Carbides ' . Copious Grain Boundary Carbides
Copious Intragranular Carbides . Few Intragranular Carbides
Small Grain Size . Large Grain Size

Figure 3-1. Carbide Morphology of Alloy 600 Tubing (I1ustrative)
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Table 3-3

ESTIMATED TIME TO PRIMARY SIDE CRACKING OF SUSCEPTIBLE* MATERIAL
(Cracking due to Hoop Stresses)

ID Metal Time to
Temp. Stress (ksi) Cracking
Location (°F) Operating Residual  Total (Years)
e With Heat Transfer
- Hot leg straight run - not in 592 3.9 -25.0 -21.1 NA
sludge pile
- Tube sheet hot leg expansion above 592 3.9 50.0 53.9 4.2
tube sheet - not in sludge pile
- Tube sheet cold leg expansion above 552 9.2 50.0 59.2 11.3
tube sheet - not in sludge pile
- First row U-bend 565 20.0 45.0 65.0 4.9
e Without Heat Transfer
- Hot leg straight run - in sludge 615 11.0 -25.0 -14.0 NA
pile
- Tube sheet hot leg expansion in 615 11.0 50.0 61.0 1.2
tube sheet or sludge pile
- Tube sheet cold leg expansion in 558 11.0 50.0 61.0 8.1

tube sheet or sludge pile
*  NOTES:

1. Susceptible material as used in this table, is material that leads to cracking of split reverse
U-bend specimens in eight weeks time when tested in pure water with hdyrogen overpressure at 689°F
(365°C). For purposes of these calculations, the split reverse U-bends were assumed to have a
stress level of 50 ksi (345 MPa).

2. An activation energy of 40 kcal/mole has been assumed for these calculations.




T B Cracked
[3 Mot Cracked

ASTM Grain S1ze

Figure 3-3. Correlation Between Primary Side IGSCC and Average
Grain Size
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Alloy 600 Tubing

Source: Adapted from reference (19)
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Section 4

CONSEQUENCES OF CRACKING

There are four major concerns regarding primary side IGSCC of steam generator
tubing. These are sudden tube rupture, exceeding technical specification leakage
limits, exceeding margin of excess tubes, and secondary contamination.

SUDDEN TUBE RUPTURE

The major safety related concern with steam generator tube leakage is that the
tubes will rupture suddenly. Sudden ruptures have occurred in the U-bend region
of several plants (24). These ruptures have resulted in leakage rates in the
range of 80-400 gpm (320-1600 liter/h). In the two cases resulting from primary
side IGSCC (Surry 2 and Doel 2) the leakage was in the range of 80-135 gpm
(320-540 1iter/h). '

The NRC has computed that a total leakage rate on the order of 1300 gpm (5200
liter/h) via the steam generators could lead to uncovering the core (24).
Therefore, failure of several tubes at one time could be a serious situation.
Such a multiple failure could be triggered by mechanical damage produced by one
failed tube, or by the effect of a rapid secondary side depressurization causing
near simultaneous rupture of several partly failed tubes.

The.consequences of a tube rupture are potentially significant for all of the
locations where primary side IGSCC has been reported except for the case of cracks
which occur at least several inches below the top of the tube sheet for tubes in
the center of the steam generator. At these locations the tube will be held in
the tube sheet by adjacent tubes or antivibration bars, thereby limiting the
amount of flow even if the tube is completely ruptured. This may not apply for
some tubes at the start and end of the center tube lane, which would not be
restrained by U-bends of adjacent tubes or antivibration bars. Even at these
locations, however, the tube would have to move axially through the tube support
plate holes before the end of the tube would clear the tube sheet. This is
considered unlikely.
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side leakage will cause radioactive contamination of the secondary systems and
equipment, thus leading to undesirable complications in maintenance and waste
disposal.

SUMMARY

To date, the general experience with U-bend cracks has been that the leakage is
relatively low and increases gradually over a long period of time (i.e., months or
years). The major exception to this general sequence of events has been for cases
of U-bend apex cracking resulting from high ovality. In several of these cases
tubes have ruptured suddenly resulting in large leakage rates. The high ovality
has resulted from initial fabrication (Doel 2) and also from closing up of the
flow slots as a result of denting (Surry and Turkey Point). The remedial action
taken has been to plug the leaking tubes, and in many cases to plug all of the row
1 tubes on a preventive basis.

For the case of expansion transitions and expanded areas within the tube sheet,
Teakage has also been relatively low and has increased gradually over long periods
of time. There are no reported cases of sudden rupture of tubes in the expansion
region. In a few cases where the cause of the IGSCC has been‘identified and
affects small numbers of tubes, the general course of action has been to inspect
the tubes for the condition known to cause cracking and then plug affected tubes
on a preventive basis. This is not practical, of course, where there are large
numbers of cracked tubes which were fabricated within tolerance. In these cases,
the approach to date has been to accept low levels of leakage while remedial
measures are being developed in the laboratory and tested on a trial basis in the
plant. However, this type of problem has led to steam generator replacement at
one plant (Obrigheim) and is a contributing factor in planning for replacement at
another (Ringhals 2).

In summary, while tubes can be plugged or sleeved when cracks or leakage reach the
established acceptance criteria, the better approach would appear to be to take
appropriate action to prevent a significant problem from developing in the first
place. This requires an assessment of the risk of primary side IGSCC occurring at
a particular plant, and then selection of an appropriate corrective action if
warranted. The remaining sections of this report address the topics of risk,
corrective measures, and suggested course of action.
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TECHNICAL SPECIFICATION LEAKAGE LIMITS

With many thousands of tubes per plant, several potential crack locations per
tube, and some degree of uncertainty in eddy current inspection results, there is
a possibility that some cracks will propagate through wall without being detected.
Provided that these cracks propagate in a manner which will "leak-before-rupture",
the cracks can be detected at an early stage by primary to secondary side leakage
measurements. The evidence to date from the Trojan plant suggests that U-bend
tangent point leaks in Westinghouse tubing do in fact.propagate sTowly.

Similarly, the short longitudinal cracks which normally occur at expansion
transitions also appear to have low and slowly increasing leakage rates.

If there are large numbers of small leaks there is the potential for having to
shut the plant down between regularly scheduled outages to plug tubes. If this
occurs frequently it can have an adverse effect on plant availability. A related
concern with operating a plant with cracked tubes is that laboratory tests and
experience at Ringhals 2 and Doel 2 indicate that circumferential cracks can
sometimes be associated with Tongitudinal cracks in the transition region.

MARGIN OF EXCESS TUBES

Present steam generator tube plugging criteria in the United States are based on
the requirements of Regulatory Guide 1.121. The approach taken is to remove tubes
from service before they can develop through wall cracks. This is currently
achieved by b]ugging tubes when defects reach some significant percentage of wall
thickness, such as 40%.

In early steam generators there was generally a high margin (~25%) of excess
tubes. In these plants many tubes can be plugged without concern over having to
derate the plant. In many newer plants, however, the margin of excess tubes can
be very low. In these cases, plugging of large numbers of tubes is not an
acceptable long term option.

SECONDARY SIDE CONTAMINATION

Typical leakage rates from U-bend "opposite transitions" and from longitudinal
cracks in the tube sheet expansion area are well below the typical Technical
Specification allowables. Thus, a case can be made for continuing to operate with
the Tow levels of leakage. However, even small amounts of primary to secondary




Section 5
PLANTS POTENTIALLY AT RISK OF PRIMARY SIDE IGSCC

As indicated in the preceding sections of this report, not all of the Westinghouse
type steam generators are equally susceptible to primary side IGSCC. There are
significant differences in design details, tube material processing, fabrication
details, and operating temperature, which are believed to have significant bearing
on whether primary side IGSCC is 1ikely to occur, and, if so, how Tong it will
take to develop, and how extensive the cracking will be. The purpose of this
section to summarize available information for Westinghouse type steam generators
with non thermally treated alloy 600 tubing, and to discuss how the relative risk
of primary side IGSCC can be assessed for a particular plant.

DATA BASE OF KEY PARAMETERS

Appendix D to this report contains a compilation of data pertaining to
Westinghouse type steam generators in operation through the end of 1982, as well
as several additional plants which went into operation after 1982 but have already
developed primary side IGSCC. This data can be used to assess the significance of
reported primary side IGSCC at a particular plant, and as a source for identifying
other plants which are potentially at risk.

Table 5-1 is a more limited tabulation of the parameters considered to be most
relevant to primary side IGSCC for all Westinghouse type plants with non thermally
treated alloy 600 tubing. This data includes the date of initial commercial
operation, steam generator model number, tubing manufacturer, tubing grain size
(which provides an indication of the final mill anneal conditions), location of
the expansion transition, method of tubing expansion, hot leg coolant temperature,
and locations of reported primary side IGSCC. The plants are separated into five
groups based on the steam generator fabricator.

RISK OF PRIMARY SIDE IGSCC

Based on the extent of primary side IGSCC which has already occurred, and the
current state of predictive modeling, none of the Westinghouse type steam
generators fabricated from nonthermally treated alloy 600 tubing should be
considered as being immune to primary side IGSCC over their design lifetimes.
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(Note: Even this tubing is not immune to primary side IGSCC as indicated by -the
extensive denting related cracking at Surry and Turkey Point, and the small amount
of non denting related cracking at Beznau 2 and Zorita 1).

Tubing in the rest of the plants in Table 5-1 may or may not be highly
susceptible. The susceptibility of tubing used at a particular plant can be
evaluated in several ways as outlined below in order of increasing amounts of
effort required.

ASTM Grain Size. As reported in Section 3, there is some correlation between
susceptibility to primary side IGSCC and the material grain size. This is
illustrated by the data in Figure 3-3, which shows that plants with smaller grain
size (larger ASTM grain size numbers) tend to have a greater incidence of primary

side IGSCC, than plants with larger grain size. The grain size range for a
particular plant can sometimes be obtained from tube material records. (Note:
This may require considerable effort as there can be 200 or more heats of material
used in a given steam generator). It would appear from the limited grain size
data in Table 5-1 and Figure 3-3 that the following criteria can be applied as a
first step to assessing the relative material susceptibility:

ASTM Grain Size_ Material Susceptibility

6 and less Not generally susceptible to date

7-9 ' May be susceptible - &
10 and greater Should be considered highly susceptible

Mi1l Annealing Temperature. The final mill annealing temperature has been
demonstrated to have a significant effect on susceptibility to primary IGSCC
(Reference 21 and Table 3-2). In some cases, the mill annealing furnace
temperature can be obtained from the tube supplier for each heat of material. In
other cases, the mill anneal furnace temperature can only be estimated based on
the temperatures typically used by a supplier during a given period of time. One
major problem in this regard is that most of the research has been done using the
actual mill anneal metal temperature which is lower than the mill anneal furnace
temperature. Appropriate corrections must be made to estimate the metal
temperature from the furnace temperature. It should also be noted that there are
significant variables in the mill annealing process in addition to the temperature
which can affect the response of the tubing material to the heat treatment process
and the resultant susceptibility to primary side IGSCC. These variables include:
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Rather, it is considered that primary side IGSCC will continue to be an increasing
concern as plants age and that there will be wide variations in times to crack
initiation and in extent of cracking between different plants and within
individual steam generators. Predictive models may ultimately be improved to the
point where it can be demonstrated that some specific plants should be immune from
primary side IGSCC over their design lifetime. However, this does not appear
1ikely considering 1) the wide range of variables involved, 2) there can be more
than 200 heats of material and 3500 tubes per steam generator which increases the
likelihood of at least some tube-fabrication combinations leading to
susceptibility, and 3) primary side IGSCC has already been reported in over half
of the steam generators in operation over 5 years.

In making plans regarding inspection programs and possible remedial measures, it
is desirable to be able to assess the relative risk of primary side IGSCC
occurring at a particular plant. Based on the present state of the art, there are
two major factors which should be taken into account in making such an assessment.
These are: material susceptibility and fabrication processes used.

Material Susceptibility

Based on information currently available, material susceptibility appears to be
the most significant single factor regarding potential for primary side IGSCC. If
the material is at the high end of the susceptibility range for mill annealed
alloy 600 tubing, then the evidence indicates that primary side cracking will most
1ikely be a significant problem regardless of the specific fabrication processes
used, On the other hand, if the material is at the low end of the susceptibility
range for mill annealed alloy 600 tubing, then the evidence indicates that primary
side cracking will most 1ikely not be a significant problem unless there are
unique situations such as denting which produce very high and persistent tensile
stresses. It is important, therefore, to be able to determine the relative
susceptibility of alloy 600 tubing at a particular plant as compared to material
in plants which have experienced severe primary side IGSCC and those which have
been free of significant primary side IGSCC.

The only plants for which material susceptibility should not have to be assessed
on a case basis are those plants with tubing supplied by Huntington prior to about
1971. This early Huntington tubing, used in the first 10 or so plants in Table
5-1, was apparently heat treated in a higher mill anneal temperature and has
therefore proven to be more resistant to primary side IGSCC than later tubing.




expansion transitions, and incomplete expansion within the tube sheet which
results in portions of the tube having tensile rather than compressive residual
stresses.

For plants with susceptible material, the following fabrication details are known
to produce more significant problems than other details. In some of these cases,
inspections can be performed in a steam generator to determine if particularly
adverse conditions exist.
] First and second row U-bends with ovality in excess of 10% -
The actual ovality can be determined by in situ measurements. The

most 1ikely cracks resulting from high ovality are
longitudinal and located in the apex region.

. First and second row U-bends formed by Westinghouse using
their ball mandrel process - To date, we are not aware of
in situ inspection methods to assess the magnitude of the bulge or
wall thinning at the "opposite transition", nor has work been
completed to determine the correlation between "opposite
transition" geometry and likelihood of IGSCC. The most 1ikely
‘cracks at the "opposite transition" are longitudinal. It may be
possible to develop profilometry and wall thickness measuring
methods that will allow, in conjunction with tests of U-bend
geometry, a reasonable assessment of the degree of risk. However,
when and whether this work will be completed is not certain at this
time.

] Expansion transitions in roll expanded tubing, with or
without a DAM treatment above the transition - The most
Tikely cracks are short Tongitudinal cracks in the transition
between the expanded and unexpanded tubing. However,
laboratory and field experience indicate that circumferential
cracks can eventually occur. While expansions meeting normal
fabrication tolerances have been shown to crack, the rate of crack
initjation appears to be increased by oversize holes, steep
transition siope (low 1/r ratio), and out-of- tolerance DAM
treatment. A review of fabrication inspection records, and some in
situ inspections can be used to determine if these conditions
exist.

(] Expanded regions in roll expanded tubing - If tubing is
properly expanded into the tube sheet, the entire inner surface of
the tube wall should be in compression. If there are "waves" in
the rolling, skip rolls, or uneven overlaps, there is the potential
for local tensile residual stresses. These conditions can be
determined by profilometry measurements. It should be noted,
however, that cracking can even occur at normal "waves" in the ID
surface; this probably occurs in tubes which received relatively
low amounts of wall thinning after contact with the tube sheet,
though this has not been proven. The actual amount of wall
thinning could probably be measured ultrasonically.
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belt speed (time in the furnace), tube wall thickness, amount of tubing in each
Toad (thermal mass in furnace), amount of previous cold working, carbon content,
etc. Nevertheless, the following general guidelines on mill anneal temperature
have been developed from Reference (21) and the data in Table 3-2.

Final Mill Anneal
Metal Temperature °(F) Material Susceptibility

>1850 Not generally susceptible to date S%Q\\
1750 ~ 1850 May be susceptible
<1750 Should be considered highly susceptible

Carbide Morphology. As reported in Section 3, the best correlation between
material properties and susceptibility to primary IGSCC appears to be carbide
morphology. Using this approach, photomicrographs are prepared of archive tubing
material, or tubing specimens removed from the steam generator and the observed
carbide morphology is compared to reference photomicrographs. Large amounts of
intergranular (grain boundary) carbides are indicative of resistance to primary
side IGSCC. The suggested set of reference photomicrographs for evaluation
purposes is presented in the draft EPRI specification for alloy 600 steam
generator tubing (25).

Accelerated SCC Tests. A model is described in Section 3 to predict time to

failure based on results of accelerated stress corrosion cracking tests in
elevated temperature pure water with hydrogen overpressure. As in the previous
method, archive material, or material specimens removed from the steam generator,
can be tested using this approach, and the predicted time to failure compared to
that for material known to be highly susceptibile (see Table 3-3).

Fabrication Details

For susceptible material, the rate at which primary side cracking problems develop
and the ultimate extent of the problems appear to be significantly affected by the
fabrication details. That is, fabrication processes which produce higher levels
of tensile residual stresses on the inside surface of the tube Tead to more rapid
and severe cracking than processes which produce Tower levels of tensile residual
stresses. A particular concern in this regard is out-of-tolerance conditions such
as high ovality in the U-bend region which leads to high stresses, oversize holes
in the tube sheet which result in greater geometric discontinuities at the

5-4




‘ Table 5-1

Westinghouse Type PWR Plants with Non Thermally Treated Alloy
600 Tubes (Preliminary Data - July 12, 1985)

Primary
Date SG Tubing Grain Expansion HL Cracks or
Plant Name Com'1l Model Mfr Size Length Method  Temp ECT Ind.
Manufactured by Westinghouse

Connecticut Yankee 68 27 H - p R 577 -— -
San Onofre 1 68 27 H -- p R 575 — =
Beznau 1 69 33 H 6.5 p R 599 - !
Zorita 1 69 24 H -- P R 596 2
Ginna / 70 44 H 6-10 P R 601 -t
Point Beach 1, 70 44 H 6 P R 611 --
Bezhau 2 72 33 H -- P R 597 U
Robinson 2 71 44 H 5 P R 604 --
Point Beach 2 72 44 H 6 P R 611 -7
Surry 1 72 51 H 8-12 P R 590 Dent
Turkey Point 3 72 44 H -- P R 605 Dent
Indian Point 2 73 44 H -- P R 576 --
Prairie Island 1 73 51 W/H -- P R 599 U
Surry 2 73 51 W/H -- P R 606 Dent
Turkey Point 4 73 44 H -~ P R 602 Dent
Zioh 1 73 51 W 8 P R 594 u

. Kewaunee 74 51 W -- P R 599 -~
Prairie Island 2 74 51 . W/H 8-9 P R 599 --
Takahama 1 74 51 W 8-10 F* R+HE 613 uT
Zion 2 74 51 W/H -- P R 594 U
Cook 1 75 51 W/H -- P R 599 Y
Ringhals 2 75 51C W 8-10 P R 616 uT
Indian Point 3 76 44 W 9-10 P R 600 --
Salem 1 76 51 - W/H 7.5 F R+E 609 -- _
Trojan 76 51A W 8 F R+E 615 U
Beaver Valley 1 77 51 W/H -- F R+E 610 - =
Fartey 1 77 51 W - F R+E 603 U
Korea Nuclear 1 78 51 W - F R 607 -V
Cook 2 78 51 W -- P R 606 uT
North Anna 1 78 51 W/H -- F R+E 614 ]
Ohi 1 79 51A W 8-10 F R 615 UE
Nor'th Anna 2 80 51 W -- F R+E -~ --
Almaraz 1 8l D3 W -- F R 619 ET
Farley 2 81 51 W -- F R 603 --
Krsko 81 D4 W -- F R 616 --
McGuire 1 81 p2. WM -- F R 618 E
Ringhals 3 81 D3 W 8-9 F R+D 618 E
Salem 2 81 51 W -- F R+E 611 --
Sequoyah 1 81 51 W -- F R+E 614 w.E
Sequoyah 2 81 51 W/H -- F R+E 614 --
RinghaTs 4 83 D3 W - F -- 613 -~
Almaraz 2 84 D3 W - F R 619 --
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In summary, for plants with susceptible material, primary side IGSCC will .
most 1ikely occur over the 1ife of the plant. The rate at which the problems will

develop and the ultimate extent of the problems will depend on the level of

susceptibility and the magnitude of tensile stresses induced by the specific

fabrication processes used. To a certain extent, the potential significance of

these problems can be determined in advance by review of material records,

materials testing, review of fabrication data, and in situ inspections. A

suggested course of action is included in Section 7.
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‘ Table 5-1 (Continued)

Manufactured by Siemens

Obrigheim 69 -- M 9-10 I 3ptR 594 uT

Manufactured By Mitsubishi

Mihama 2 72 44 W/SU/H 6-10 F* R+HE 607 T
Genkai 1 75 51 SuU -- F* _R+HE 613 --
Takahama 2 75 51 SuU 8-9 F* R+HE 613 --
Mihama 3 76 51 SuU -- F R 613 ET
Tkata 1 77 51 SuU 9 F R 613 ET
Ohi 2 79 51A Su -- F R 615 ET
Genkai 2 81 5IM SuU -- F R+R 613 --
Ikata 2 82 51M Su 9 F R+R -- --
Sendai 1 84 - -- -- F - - -=
Notes:
1. Tube Manufacturer H Huntington Alloys

M Mannesmann

SA Sandvik

SU Sumi tomo

W Westinghouse

) Vallourec
2. Grain Size ASTM grain size
3. Expansion Length F Full length expansion (no crevice)

F* Expanded to within 50 mm of top of tube sheet after

startup

Intermittent rolls
Part length expansion (with crevice)

I
P
4. Expansion Method R Ro11
R+E Initial part length roll followed by Westex explosive
expansion
R+D  Rol1l expansion plus DAM or "kiss" roll to improve
transition |
R+HE Initial part length roll followed by combined
elastomeric-hydraulic expansion after some time of
service
R+R  Initial part length roll followed by elastomeric
(rubber) expansion
3ptR Three intermittent rolls: top, bottom, & middle of

tube sheet
5. Primary Cracks E Primary side IGSCC in expanded area
or ECT T Primary side IGSCC in expansion transition region
Indications ] Primary side IGSCC in U-bend region
. Dent Primary side IGSCC which is denting related
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Table 5-1 (Continued)

Angra 1 84 D3 W - F R 620 Y
ASCO 1 84 D3 W - F R 620 -
Diablo Canyon 1 84 51 W - F R+E 608 -
McGuire 2 84 D3 W -- F R 617 -
Summer 84 D3 W - F R 619 UE
Watts Bar 1 84 D3 W -- F R 617 -
ASCO 2 85 D3 W - F R 619 --
Byron 1 85 D4 W - F R 619 -
Catawba 1 85 D3 W -- F R 617 --
Comanche Peak 1 85 D4 W -- F R 622 --
Diablo Canyon 2 85 51 W -- F R+E 608 -
" Beaver Valley 2 86 51M W -- F R 610 -
Shearon Harris 86 D4 W -- F R 619 -1
Watts Bar 2 86 D3 W -~ F R 619 -
South Texas 1 87 E2 W -- F R 626 - -
Lemoniz 1 -- D3 W -- F R 620 -

Manufactured by Cockerill

R 598. 2 N

Doel 1 75 44 M 5-8 P
Doel 2 75 44 M 6-10 P R 598 UET
Tihange 1 75 51 SA 7-10 P R 611 - Y
Doel 3 82 51M W 7-11 F R+D 617 ET
Tihange 2 83 51M W 7-11 F R+D 617 . ET
Doel 4 85 E1 W 7-11  F RD 626 - Y
Tihange 3 85 El W 7-11 F R+D 626 -V
Manufactured by Framatome
Fessenheim 1 77 51A W 7-8 F R+E 611 ut
Fessenheim 2 78 51A SA - F R 611 --
Bugey <2 79 51A W/SA -- F R 613 u
Bugey 3 79 51A ) 9-10 F R 613 ut
Bugey 4 79 51A W - F R 613 T
Bugey 5 80 51A v 11 F R+D 613 E}'
Dampierre 1 80 51M W/v - F R+D 613 X
Gravelines Bl 80 51M W/v -- F R+D 613 =Y
Gravelines B2 80 51M W -- F R+D 613 -Y
Tricastin 1 80 51M v -- F R+D 613 -~y
Tricastin 2 80 51M W/V -- F R+D 613 =<\
Blaylais 1 81 5IM W/N  -- F R+D 613 -- z
Dampierve 2 81 51IM W/v - F R+D 613 -
Dampierre 3 81 51M W/V -- F R+D 613 ET
Dampierre 4 : 81 51M W -- F R+D 613 - Y
Gravelfnes B3 81 51M ) -- F R+D 613 T
Gravelines B4 81 5IM WV -- F R+D 613 -Y
Tricastin 3 81 51M W/V - F R+D 613 T
Tricastin 4 81 51M v - F R+D 613 - y
San Laurent Bl 81 -- ) -- F R+D 613 --
San Laurent B2 81 - W/v -- F R+D 613 -t
Blaylais 2 82 51M SA/V  -- F R+D 613 -y




Section 6

CURRENT STATUS OF REMEDIAL MEASURES

A number of remedial measures have been considered for possible use to alleviate
primary side IGSCC prob]ems,.and1can be categorized in terms of the three factors
required for primary side IGSCC. The remedial measures are summarized in the
following table and discussed in greater depth below.

Reduce Aggressive Environment

Reduce primary coolant temperature
Reduce hydrogen concentration
Install sleeves

Install plugs

Rotate Steam Generators

Reduce Material Susceptibility

Heat treat tube sheet
Electroplate tube wall

Reduce Tensile Stresses

Re-expand tubing

Stress relieve U-bends

Heat treat tube sheet

Stress relieve expansion transition
Shot peen expansion transition
Rotopeen expansion transition

PRIMARY COOLANT TEMPERATURE REDUCTION

As discussed in Section 3, service experience and laboratory tests have shown that
primary side IGSCC is strongly influenced by temperature. Figure 3-6 [shows the
factor of improvement in time to cracking for a given stress level as a function
of temperature on the tube inside surface. These factors are as follows for a
range of temperatures and an activation energy of 40 kcal/mole:

TH, F (C) Factor of Improvement
610 (321) 1.0
600 (316) 1.4
590 (310) 1.9
580 (304) 2.7
570 (299) 3.7
560 (293) 5.3

6-1



) Doel 2 - Mini-sleeves were installed explosively over about
185 cracked expansion transitions in the Doel 2 plant as
shown in Figure 6-2 (28). The mini-sleeves have caused
cracking of the tubes after service at the top and bottom of the
sleeves. The cracking appears to be due to tensile residual
stresses induced in the tube by the explosive welding process
used during installation of the mini-sleeves. Methods were
investigated to stress relieve the mini-sleeved areas after
installation using an induction heating procedure so that use of
mini-sleeves could remain a viable option for the case of cracks
at tube expansion transition areas. Initial attempts at in situ
stress relief did not result in the reduction of residual stresses
below the threshold for cracking in a sodium tetrathionate
environment. This was probably the result of too low a temperature
being achieved in the critical areas under the ends of the sleeves,
At present, the mini-sleeve approach followed by local stress
relieving has been abandoned at Doel 2; however, the supplier
involved (B&W) may still be doing some further development work to
make this a viable approach.

) Ringhals 2 - For the installation of conventional sleeves
to be successful, stresses introduced at the joints during
sleeving must not be high enough to cause primary or
secondary side attack. The Swedish State Power Board
recently tested a variety of sleeves for Ringhals 2. These
tests used sensitized alloy 600 tubing in sodium

tetrathionate and mil1l annealed tubing in_10% NaOH. 6 The
tests showed that current sleeve™@esigns with brazed, welded,
or mechanical joints introduce relatively low residual
stresses, most likely on the order of half of the yield
stress. Based on these tests, trial lots of brazed and
welded sleeves were recently installed in Ringhals 2, which
is known to have tubing that is highly susceptible to primary
side IGSCC. The types of sleeves installed at Ringhals 2 are
shown in Figure 6-3. )
A more complete discussion of current sleeve designs and experience, as well

as a design review checklist for sleeving is included in reference (8).

PLUGGING

Installation of tube plugs has been the standard remedial measure used to date for
most leaks caused by primary side IGSCC, and is currently the only viable option
for leaking U-bends. In the short term, at least until the scope of the primary
side IGSCC problem is identified at a particular plant, installation of plugs is a
sensible solution. However, for plants where it appears that large numbers of
tubes may be affected by primary side IGSCC, use of plugs is not practical as a
long term solution. This is particularly true for the case of plants with low
margins of excess tubes. Any plugs which are installed should be of the removable
type, so that the tube can be retrieved at a later date if this becomes desirable.
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As can be seen, a large measure of improvement would require a significant decrease
in temperature, and thus is not practical as a long term solution. However, it may
be worth considering in some cases for a short period of time to reduce the rate of

damage while other longer term remedial measures are being prepared. As an
example, a 40 F° (22 C°) temperature decrease was used at.Point Beach 1 to reduce
the rate of secondary side attack. However, this temperature reduction resulted in
about a 25% loss of power output.

While large reductions in reactor coolant temperature are economically prohibitive
for long periods of time, it would be desirable for plants to reduce hot leg
temperatures as much as possible while still maintaining 100% power output. For
example, even a 10 F° (5.6 C°) reduction in hot leg temperature would be expected
to reduce the rate of primary side IGSCC attack by about 40%.

HYDROGEN CONCENTRATION REDUCTION

Another possible approach for reducing the aggressiveness of the environment

is to reduce the hydrogen concentration in the primary water to the Tower

end of the allowable range. Tests (22, 26) have shown that hydrogen accelerates
‘the rate of cracking when added to pure water, and EdF tests have shown that large
concentrations of hydrogen (700 cc/kg) have a similar effect in primary water.
However, the effect of small changes in hydrogen concentration in primary water
has not been quantified, and it thus remains problematical. For pure water, going
from no hydrogen to about 20-25 cc/kg resulted in a decrease in time to initiation
of SCC of about a factor of 5 for material with moderate amounts of cold work
(26). It is suspected, but not proven, that increasing the hydrogen concentration

further, as would be allowed by normal primary water specifications, could result
in a further acceleration of primary side attack.

SLEEVING

One approach which has been tried for reducing the aggressiveness of the
environment in contact with susceptible areas of tubing is to install sleeves.
Three examples are as follows:

] Japanese Plants - Some primary side Teakage in the tube
sheet area of Japanese plants has been remedied by the
installation of sleeves as shown in Figure 6-1 (27). These
sleeves are welded to the tube at the bottom of the tube sheet and
extend to within about 5 cm (2 inches) of the top of the tube
sheet. The sleeves are expanded into place hydraulically, or by
use of a compressed elastomeric cylinder which exerts a radial
pressure.
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. currently has a progrém (S303-22) at Foster Wheeler in which tube mockups have
been explosively re-expanded. These mockups are made of sensitized alloy 600
tubing and will be tested in sodium tetrathionate to determine the degree of
improvement. Results are expected in 1985. One obvious concern with this
approach, which must be resolved prior to application in a plant which has been in
operation, is the effect of the explosive re-expansion on preexisting cracks.

U-BEND STRESS RELIEF

Westinghouse has performed work sponsored by EPRI/SGOG to demonstrate the
feasibility of heating first row U-bends with an inside diameter electric
resistance heater to a temperature that will relieve residual stresses and
therefore reduce the susceptibility of the tubing to primary side IGSCC (29).
The arrangement of the electric resistance heater in the U-bend is illustrated
in Figure 6-4. The results of this work indicate that in situ stress relief of
the U-bends is practical but that there are three subjects which require some
additional effort (23). These are as follows:

° Temperature Control - The equipment used for in situ stress
relief of U-bends must be capable of controlling the tube
‘ wall temperature in the range of 675-725°C (1247-1337°F). As

shown in Figure 6-5, lower temperatures may .not produce the
desired stress relief while higher temperatures may result .in
undesirable grain growth or recrystallization. To date,
instrumentation to monitor temperatures in the U-bend during
stress relief has not been demonstrated.

0 Propagation of Existing Cracks - For plants which have been
in service, the U-bends may already contain cracks which have
not yet propagated through wall. Since the tube wall is thin
and the heat up rate is low, it is unlikely that the stress
relief operation will result in propagation of any existing
cracks. In fact, it is more likely that the stress relief
will blunt the crack tips and therefore reduce the potential
for future cracking. Nevertheless, this should be
demonstrated by tests prior to application on a plant which
has been in service.

] Surface Contamination - The potential for surface
contamination present during in situ stress relief leading to
cracking or grain boundary attack has not yet been fully
assessed. Westinghouse has performed some tests on simulated
sludge and these tests did not indicate a problem. However,
some additional testing is still required as outlined in the
Dominion Engineering report on in situ stress relief (23).

In summary, in situ stress relief of U-bends is considered to be viable; however,
. the procedure has not yet been demonstrated at a plant and some development work

6-5




STEAM GENERATOR ROTATION

Primary side cracking has essentially all occurred on the hot leg side, leaving
the cold leg side in a relatively unattacked condition. TRABEL is in the process
of evaluating whether it would be practical to rotate a steam generator so as to
interchange the hot and cold legs (9). This would be done by making a channel
head cut so that the tube bundle could be rotated. The main advantages of the
procedure are that it requires much less advance preparation time than steam
generator replacement and would essentially double steam generator life. On the
other hand, the cold leg tubing would be as susceptible as the original hot leg,
and thus this approach would not provide a very large improvement (less than a
factor of two).

ELECTROPLATING

Electroplating has been mentioned by EdF as a possible remedial measure, and
Framatome and Belgatom are doing some exploratory work on the concept. No details
on their processes are currently available.

The deposited material would be one that is resistant to IGSCC as well as having
good bond strength and erosion/corrosion resistance. Chromium and nickel have
been mentioned as possible candidates.

ADDITIONAL EXPANSION

For plants with part length rolled tubes and which are experiencing cracking at
roll transitions, expansion of the tube for all or part of the tube sheet depth is
a possible repair approach. This method is being used by the Japanese for all of
their part length rolled plants, and is being considered for Doel 2. The Japanese
have used hydraulic expansion while Tractionel is exploring the possibility of
explosive expansion for Doel 2. Whatever expansion method is used, it is
important that the new expansion transition result in lTow tensile residual
stresses.

TUBING RE-EXPANSION

For plants with a poor initial expansion over the full depth of the tube sheet,
re-expansion of the tube over the full depth of the tube sheet is an option. This
has the potential to 1) correct areas improperly expanded during rolling, such as
skip rolls, poor overlaps, etc. which lead to high local residual stresses, and
2) improve the local geometry and state of stress in the transition region. EPRI
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water tests of rolled specimens are underway to better quantify the expected
improvement.

One potential problem with this approach js that the tubes subjected to stress
relief temperatures may become sensitized, and thus become susceptible to attack
by sulfur species similar to that which has occurred in the TMI-1 primary side and
in the ANO-1 secondary side. However, other Babcock and Wilcox plants with
once-through steam generators and Tihange-1, have operated satisfactorily with
sensitized tubing by carefully avoiding oxidizing conditions. Accordingly, for a
plant which has significant primary side IGSCC, the risk associated with
sensitization may be warranted. There is also a risk associated with the effect
of surface contamination as indicated for in situ U-bend stress relief.

LOCAL EXPANSION TRANSITION STRESS RELIEF

Brookhaven National Laboratory has performed work sponsored by EPRI/SGOG to
demonstrate the feasibility of induction heating expansion transitions

within the tube sheet to a temperature that will relieve residual stresses

and, therefore, reduce the susceptibility of the tubing to primary side IGSCC
(31). Also, Babcock and Wilcox has performed induction heating stress relief on
mini-sleeved transitions at Doel 2 (32). The equipment used by Babcock and Wilcox
is shown schematically in Figure 6-6. The results of this work indicate that

in situ stress relief of expansion transitions should be practical, but that there
are several subjects which require some additional effort (23). These are:

) Temperature Control - Use of fiber optics sensors has been
demonstrated to be a practical method for measuring temperatures
achieved by induction heating. Experience at Doel 2 indicated,
however, that temperatures measured at one location may not
accurately reflect temperatures developed at other locations
due to variations in heat transfer properties in the gap
between the tube and tube sheet. Accordingly, practical
means must be developed and tested to provide accurate
temperature control taking into account variations in tube
roll transition geometry and crevice heat transfer
properties. The desirable range of time/temperature
conditions for expansion transition stress relief are shown
in Figure 6-7.

(] Surface Contamination - The same question of surface
contamination applies at the expansion transition as
discussed for the U-bends.

° Development of Local Buckling and/or Tensile Residual
Stresses - If the tube is locked at the top of the tube
sheet Dy denting etc. there is the potential to develop local
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is still required. Draft specifications to obtain stress relief services for .
U-bends are included in reference (23).

GLOBAL TUBE SHEET HEAT TREATMENT

Global heat treatment of the entire tube sheet is actively being considered for
plants in Belgium which have been in commercial operation (30). This procedure
consists of heating the tube sheet up to a temperature in the neighborhood of
1112°F (600°C) and holding the temperature for eight to ten hours. The procedure
is expected to increase the resistance to primary side IGSCC by increasing the
carbide precipitation at grain boundaries and possibly by reducing residual
stresses somewhat.

There are several reasons why this procedure is being considered over other
alternative methods such as local stress relief, shot peening, and

rotopeening: 1) the plants are operational which makes application of other more
time consuming remedial measures less attractive due to increased radiation
exposure, 2) leaks and cracks at various elevations in the tube sheet indicate
that remedial measures may have to be performed over the full tube sheet height,
and 3) tests indicate that typical heats of tubing from candidate plants will
experience desirable grain boundary carbide precipitation.

Considerable test and analysis work has already been performed in support of this
procedure and the results indicate that it is practical (30). Two approaches to
performing the heat treatment have been evaluated. These are 1) using electric
strip heaters, and 2) using electric strip heaters together with circulating hot
gas. Strip heaters without circulating gas has been selected as it is the simpler
of the two methods. As presently envisioned: the entire lower head including
divider plate will be heated to avoid harmful differential expansion; heaters will
be extended along the outer walls for a length of one steam generator diameter in
order to minimize temperature gradients and internal distortions; and, the
secondary side will be at a vacuum to reduce convective heat losses.

Testing to confirm the factor of improvement provided by this approach has not yet

been completed. High temperature caustic tests of rolled specimens indicate a

factor of improvement in time to cracking of about 3 to 5, while on-going high

temperature pure water tests indicate a factor of improvement of at least 5 (no

cracks to date in heat treated specimens). Longer term high temperature pure ‘
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Tests of stainless steel mockups in boiling magnesium
chloride, and sensitized alloy 600 in sodium tetrathionate
indicate that the process can be controlled such that
resistance to primary side IGSCC is obtained without causing
secondary side attack.

One potential problem which has been identified by the
testing is embedment of small ceramic particles in the tube
wall, and a concern exists as to how well the particles can
be removed. The stainless steel shot used to date does not
appear to be a viable solution to this problem as tests
indicate that it induces excessive outside surface tensile
stresses (smaller stainless steel shot are currently being
explored in an effort to resolve this problem). Glass beads
do not appear to be suitabie because of excessive
fragmentation.

Concerns regarding opening up preexisting cracks, embedment
of particles in the tube wall, clean up of abrasive
particles, and spread of contamination need to resolved prior
to field application of this procedure.

Rotopeening - Rotopeening has beeen investigated by both
TRABEL and EdF. In both cases, the development work has
indicated that rotopeening provides a viable way of inducing
a thin compressive layer on the tube inside diameter.

The Belgian rotopeening development work has been performed

by Westinghouse and has used flapper wheels with small
tungsten carbide beads bonded to a plastic fabric. Details

of the process and supporting tests are described in

reference (30). Rotopeening has been applied to two new
non-radioactive plants, Doel 4 and Tihange 3. As discussed in
reference (30), the rotopeening was successfully performed.
However, some question remains in regard to the 0D stresses
generated by the rotopeening, both at the roll transition and in
the straight portion of the tube where the peening stresses can
combine with straightening and polishing stresses.

The rotopeening equipment developed by EdF consists of a

flapper wheel with small glass beads bonded to cotton fabric.
(EdF initially tried tungsten carbide beads of the same type

as used by TRABEL, but found that they resulted in somewhat
increased 0D surface stresses.) The flapper wheel is rotated

at high speeds and is offset from the tube axis such that the
beads impact the tube surface nearly perpendicularly. Mockup
tests have shown that an Aimen intensity of 6N eliminates SCC

on the tube inside surface without increasing SCC susceptibility
on the tube outside surface.

The EdF procedure is to rotopeen a 2 inch (5 cm) length of
tube at each roll transition. The tooling is supported by
remotely controlled finger walkers and the rotopeening
requires about 5 minutes per tube. EdF has experienced some
problems with ineffective peening, but this appears to be
controllable by regular replacement of flapper wheels. EdF
has used their method on a trial basis for 19 tubes at

Bugey 5.
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buckling and/or tensile residual stresses. For example, the tube
expands during heating, buckles or yields due to the restraint at
the top, and then is put into residual tension during subsequent
cooldown. The potential for this to occur, and the effect on
primary and secondary side IGSCC must yet be resolved by test.
Consideration must also be given to the subject of propagation of
preexisting circumferential cracks, if any exist.

° Reduction in Pullout Force - When an expanded area is
subjected to induction heating the resultant yielding and
shrinkage upon cooling will result in some loss of the
interference force holding the tube in the tube sheet. The
effect of the Toss of interference force must be evaluated on
a case basis. Some guidance in this regard is included in
Appendix A of Reference (23).

o Development of Tube to Tube Sheet Crevice - In addition to reducing
pultout force, the induction heating would cause a gap of a few
mils to open up between the tube and tube sheet. This gap could be
as long as 1/4 inch (6mm) or more, depending on the details of the
induction heating. The acceptability of this gap from a secondary
side corrosion standpoint needs to be verified.

EXPANSION TRANSITION SHOT PEENING AND ROTOPEENING

The purpose of shot peening or rotopeening the tube inside surface is to form a
thin compressive stress layer which will serve to inhibit the initiation of
primary side IGSCC. Shot peening is performed by blasting the inside surface of
the tube with small metal or ceramic shot as shown in Figure 6-8. Rotopeening is
performed using shot bonded to fabric on a flapper wheel as shown in Figure 6-9.
Major concerns with this type of procedure are that 1) tensile stresses will be
produced on the outside of the tube which may lead to secondary side IGSCC, and

2) tensile stresses within the tube wall may lead to propagation of existing
surface cracks. Both of these issues must be resolved prior to application of
this procedure.

The two procedures are outlined as follows with detailed information provided in
Reference (30):

(] Shot Peening - Shot peening has been investigated by both
TRABEL and EdF. In both cases, the development work has
indicated that shot peening provides a viable way of inducing
a thin compressive layer on the tube inside diameter. In the
TRABEL approach, small ceramic shot are blown up the tube,
impinge on a conical deflector, and impact the tube wall.

The conical deflector is moved up and down the tube and

rotated to provide complete and uniform coverage. Air

exhaust and filtering equipment are provided on the cold leg of
the tube to remove the spent shot and to limit the spread of
contamination. Following shot peening, the tubes would be
cleaned by blowing cotton plugs through them.
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A. Before Sleeving - B. After Sleeving

NOTES: 1. Expansion performed using rubber/ .
hydraulic method.

2. Not used for full tube sheet depth
expanded tubes.

Figure 6-1. Japanese Sleeves

Source: From reference (27)
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Rotopeening was initially selected over shot peening by both TRABEL and EdF as
this process provides a similar compressive layer, generates much less abrasive
debris, and does not spread contamination throughout the steam generator.
However, both TRABEL and EdF are reconsidering this situation since shot peening
may be simpler to perform remotely in a radioactive plant, might provide more
uniform coverage and might facilitate use of smaller beads, leading to lower 0D
stresses. Framatome is currently developing a shot peening process using fine
stainless alloy shot.
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Section 7

SUGGESTED COURSE OF ACTION

It must be recognized that there are a number of significant uncertainties
concerning primary side IGSCC which have an important bearing on any suggested
course of action. These uncertainties lie primarily in the areas of 1) difficulty
in accurately predicting the likelihood of primary side IGSCC occurring at any
specific location in a particular steam generator, and 2) the risks associated
with and effectiveness of particular remedial measures. WNevertheless, it is
desirable to outline a current suggested course of action in order to stimulate
discussion and to assist utilities in their planning processes. The following
suggested course of action regarding primary side IGSCC is based on the current
status of reported cracking, current understanding of the causes of the cracking,
and current (January 1985) status of development regarding remedial measures.

There are two sides to the decision as to whether or not to take remedial measures
to prevent primary side IGSCC in steam generator tubing. These are:

1. It is undesirable to apply remedial measures if they are not
_ necessary. Such work is costly and there is some level of
risk that the remedial measures may produce an undesirable
side effect.

~

2. On the other hand, it is also undesirable to let primary
side IGSCC initiate. It is far easier to prevent cracks
from initiating in the first place than it is to arrest the
propagation of existing cracks. A complicating factor in
this regard is that the best current ECT inspection
techniques can only pick up cracks when they reach about
40% of wall thickness; thus, crack initiation can be fairly
widespread before the cracking problem is detected.

In establishing a course of action regarding primary side IGSCC there are
three basic categories of plants to be considered. These are:

1. Plants which have operated for many years (e.Q., 8 to 10 or
more) without significant primary side IGSCC (Low Material

Susceptibility)

2. Plants which have experienced significant amounts of primary
side IGSCC. (High Material Susceptibility)

7-1




PLANTS WITH HIGH MATERIAL SUSCEPTIBILITY

For those plants which have experienced more than a few isolated cases of primary
side IGSCC in service, it should generally be assumed that the tubing material is
highly susceptible, that the cracking is 1ikely to get worse with time, and that
some remedial measures are required. The only exception should be for cases
where it can be clearly demonstrated that the problem was due to some extremely
localized and 1imited condition; for example, where the IGSCC is known to have
been caused by some abnormal rolling geometry that affects only a few tubes.

Possible remedial measures include the following:
U-bends

If the material is highly susceptible, it is likely that cracking will ultimately
occur in the U-bends of the first and probably also the second row tubes. The
probability of cracking appears to be higher for tubing fabricated using the
Westinghouse ball mandrel than for tubing fabricated using other processes, but
none of the processes should be considered as immune over the plant lifetime.
This is because the residual stress levels associated with forming tight radius
U-bends are high even for the best bending conditions, and the stresses applied
in operation are also fairly high. These residual and applied stresses result in
a total stress sufficiently high to make primary side 1GSCC 1ikely to occur in
susceptible material over a 40 year design life.

To date there are three main potential remedial measures for U-bend cracking.
These are 1) thermal stress relief of U-bends, 2) preventive plugging of U-bends,
and 3) plugging in response to NDT indications or leaks. Each utility with
susceptible tubing material will have to select between these three options
taking into account the degree of material susceptibility, the margin of excess
tubes, and the cost and risk associated with inspecting and plugging in response
to ECT indications and/or cracks. In most cases, options 1 or 2 appear to be the
prudent course of action to ensure that in-service Teaks do not occur. The
choice .between the two options will most 1ikely be made based on available tube
margin.

Expansion Transitions

If the tubing material is highly susceptible, it is 1ikely that cracking will
occur in the expansion transition region. SCC tests and residual stress
measurements indicate that stresses in this region are such that cracking must be
expected to occur in "normal" transitions, with or without a DAM treatment. It
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3. New plants, and those operated less than about 8-10 years
without significant amounts of primary side IGSCC. (Unknown
Susceptibility)

PLANTS WITH LOW MATERIAL SUSCEPTIBILITY

Those plants which have operated for long periods of time without occurrence of
significant amounts of primary side IGSCC can be considered to have tubing with
demonstrated low material susceptibility. An arbitrary cutoff for using
operating experience to assess material susceptibility is about 8-10 years, or
20-25% of the design operating Tife. In such plants, primary side IGSCC is
likely to be a slow process if it occurs at all. Further, there should be
adequate time to take remedial measures if primary side IGSCC is detected later
in 1ife, assuming it is detected at an early stage. Based on the data in Table
5-1, the plants in this category would include: Connecticut Yankee, San Onofre
1, Beznau 1, Ginna, Point Beach 2, Indian Point 2, Kewaunee, Prairie Island 2,
Indian Point 3, Salem 1, Doel 1, Tihange 1, Genkai 1, and Takahama 2.

In cases of known low material susceptibility, the primary objective of the IGSCC
program should be to monitor the steam generators carefully to make sure that
cracks are not initiating. This objective can be achieved by periodically
inspecting the U-bends, expansion transitions, and expanded areas using the most
accurate inspection methods currently available. If any indications are found
using these methods, tube specimens should be pulled in order to determine if
there is incipient 1GSCC. Material and fabrication records should also be
obtained and reviewed, although this is a Tower priority than performing accurate
inspections.

If and when significant occurrence of primary side IGSCC is detected, decisions
will then need to be made as to whether to merely monitor the IGSCC to ensure
that it does not increase rapidly, or to take corrective measures. Because of
the demonstrated low susceptibility of tubing in these plants, it is expected
that monitoring for at least a few years would be reasonable prior to the need
for taking any active remedial measures. If required, the remedial measures
would be similar to those discussed below for plants with high material
susceptibility although plugging or sleeving may also be good solutions if the
problem is isolated to small numbers of tubes.
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or explosive re-expansion, as long as the procedure is demonstrated to not result
in high residual stresses. It may further be necessary to revise the Technical
Specification requirements to permit cracks in the tube below the area which is
required to resist pullout and to provide a seal. Cracks in these areas are not
considered to be a source of technical concern since they should not lead to tube
pullout or to significant leaks.

PLANTS WITH UNKNOWN MATERIAL SUSCEPTIBILITY

For new plants or plants which have been in operation less than about 8-10 years
the material may be of unknown susceptibility. In these cases, attention should
initially be focussed on assessing the material susceptibility. This should be
accomplished following the approach suggested in Section 5 under "RISK OF PRIMARY
SIDE IGSCC". This approach starts with a review of the tube material and
fabrication records to determine the grain size and mill anneal temperature.
Depending upon the results of this evaluation it may also be necessary to perform
some metallography and SCC tests of archival material or material removed from
the steam generators.

For material found to have high or low susceptibility to primary side IGSCC, the
remedial action program should follow the lines previously indicated.

For material of questionable material susceptibi]ity after such an evaluation,
the remedial measures could well depend upon the plant status. For new plants
where costs of applying remedial measures are low and the risk of problems due to
application of remedial measures are also low, it will usually be preferable to
proceed with remedial measures prior to going into operation. On the other hand,
for plants already in operation, it may be preferable to proceed with a rigorous
inspection program and hold off remedial measures until it is known whether or
not there will be a problem.

REQUIRED INDUSTRY EFFORT

Based on the current status, the area requiring greatest effort is the
development and qualification testing of field hardened corrective action
procedures such as in situ stress relief, shot peening, rotopeening, and global
heat treatment. This effort is required to assist utilities in evaluating the
cost and risk of various alternative approaches.
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is suggested that in these cases, remedial measures should be taken unless it can .
be demonstrated that there is a convincing reason that primary side IGSCC will

not occur. There are three remedial measures currently available for the

expansion transition region.

1. Local Thermal Stress Relief - The area of the expansion
transition can be stress-relieved using the induction heating
procedure discussed in Section 6. This procedure is somewhat more
difficult to apply than shot peening or rotopeening but has a
significant advantage over these alternate procedures in that it
can reduce the residual stresses on both the inside and outside of
the tube wall. At present, this approach cannot be suggested
without qualifications as there are several outstanding questions
regarding temperature control and the effect of tube boundary
conditions as discussed in Section 6.

2. Shot Peening and Rotopeening - Significant development work
has been performed regarding shot peening and rotopeening,
and the processes appear to be practical in the field. These
processes may be somewhat less desirable than a proven local
thermal stress relief in that they result in an increase in
tensile stresses on the outside of the tubing, and could
possibly lead to increased susceptibility to secondary side
attack. As in the case of the local thermal stress relief,
there are still several unresolved questions regarding thesé
processes and some additional development work is required.

3. Global Thermal Heat Treatment - Global thermal heat treatment
offers an advantage over local thermal stress relief of each
tube in that it takes less time to perform and is less
costly. These advantages are achieved at the significant
disadvantage of sensitizing all of the tubing and thereby
increasing its susceptibility to sulfur species attack.

Also, the factor of improvement that can be achieved is still
not certain, and may not be sufficiently high to warrant its

use. Finally, this method may be difficult to apply to steam
generators with preheaters.

A utility must select one of the above remedial measures based on the particular
circumstances at the plant and the latest results of the procedure qualification
programs.

In conjunction with treating the expansion transition region, it should be

confirmed that the section of tube about 2 inches (5 cm) immediately below the

expaﬁsion transition is properly expanded. The tube in this region must be under

a high residual compressive stress in order to preclude cracking, to resist

pullout, and to prevent leakage from possible cracks in the tube below this

region. If the tube is not properly expanded in this region it may be necessary

to re-expand before or after remedial measures are taken at the expansion ,

transition. This re-expansion could be performed by re-rolling, or by hydraulic ‘
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A second area warranting industry attention is improved detection of primary side
IGSCC so that remedial measures can be taken before too many cracks have become
so large that prevention of further growth is very difficult. Use of the latest
ECT techniques, such as developed in Belgium and France is warranted. In
addition, removal and examination of tube samples (e.g., where the tube is to be
plugged for other reasons) is desirable. In situ metallography using replicas
also appears to have potential in the tube sheet region.

7-6



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

P. Hernalsteen, R, Houben, and C. van Melsen. Induction Heating
Stress Relief at Doel 2. Paper presented at November 1983 EPRI

Workshop on Primary Side SCC and Secondary Side SCC and IGA of PWR
Steam Generator Tubing in Clearwater Beach, Florida.

J. M. Gilkinson. In-Situ Heat Treatment and Polythionic Acid Testing
of Inconel 600 Row 1 Steam Generator U-Bends. EPRI NP-3056, April

1983.

J. A. Gorman and E. S. Hunt. Status of Cracking and Remedial Measures
for PWR Steam Generators with Full Depth Expanded Tubing. EPRI

report to be published, January 1985.

J. Woodward and D. van Rooyen. Stress Relief to Prevent Stress
Corrosion in the Transition Region of Expanded AlToy 600 Steam

Generator Tubing. EPRI NP-3055, May 1983.

E. S. Hunt and J. A. Gorman. Induction Stress Relief at Doel 2.

Paper presented at November 1983 EPRI Workshop on Primary Side SCC and
Secondary Side SCC and IGA of PWR Steam Generator Tubing in Clearwater
Beach, Florida.

F. Kreith. Principles of Heat Transfer. International Textbook
Company, 1958,

R. J. Roark and W. C. Young. Formulas for Stress and Strain. Fifth
Edition, McGraw-Hi11 Book Company, 1975.

J. Woodward and D. van Rooyen. Stress Relief of Transition Zones.
Paper presented at November 1983 EPRI Workshop on Primary Side SCC and
Secondary Side SCC and IGA of PWR Steam Generator Tubing in Clearwater
Beach, Florida.

EdF report HC PVD.368 MAT/T.41 dated 16 November 1976 regarding calculated
and measured residual stresses in roll transitions.

R. Cioud, J. Leung and H. Loey. Elastic Stress Analysis of
Small-Radius U-Bend Steam Generator Tubes. EPRI NP-2944, March 1983.

C. Ruud. Unpublished February 1984 Monthly Progress Report on EPRI
task $303-3.

W. Pearl and S. Sawochka. Steam Generator Data Base. EPRI NP-3033,
June 1983. ‘

World List of Nuclear Power Plants. Nuclear News, August 1984.

Power Reactors 1984. Nuclear Engineering International, October 1984
Suppliement.

Workshop Proceedings: U-Bend Tube Cracking in Steam Generators.
Proceedings of August 1980 conference in Denver, Colorado, EPRI
WS-80-136. ,

K. Norring. Examination of Fifteen Tubes from Steam Generator 1 at
Ringhals 2. Studsvik report No. EI-84/56.

8-3




15.
16.

17.

18.

19.

21.

22.

23.

24,

27.

Meeting with EdF.

H. Coriou, L. Grall, Y. Le Gall, and S. Vettier. Corrosion Fissurante
Sous Contrainte De L'Inconel Dans L'Fau A Haute Temperature, Third
Collogue de Metallurgie Corrosion. Centre d'Etudes NucTeaires de
Saclay, France. Amsterdam: North Holland Publishing Company., 1959.

G. P. Airey. The Stress Corrosion Cracking (SCC) Performance of
Inconel Alloy 600 1n Pure and Primary Water Environments.” Proceedings
of the International Symposium on Environmental Degradation of
Materials in Nuclear Power Systems - Water Reactors, August 22-25,
1983, Myrtle Beach, South Carolina. NACE, 1984.

H. Domain, R. H. Emanuelson, L. Katz, L. W. Sarver and G. J. Theus.
Effect of Microstructure on Stress Corrosion Cracking of Alloy 600 in
High Purity Water. Corrosion, 1977, Vol. 33.

Optimization of Metallurgical Variables to Improve Corrosion
Resistance of Inconel . 600, EPRI Research Project 1708-1, Final
Report. EPRI Report NP-305Y.

Stress Corrosion Cracking of Alloy 600 and Alloy 690 in A1l Volatile

Treated Water at Elevated Temperatures, EPRI-Steam Generators Owners

Group Research Project S192-2, Final Report. EPRI Report NP-3061.
e ———

C. M. Owens. A Historical View of the Importance of the Final Anneal
on Primary Side SCC Resistance of Alloy 600 Steam Generator Tubing.
Paper presented at November 1983 EPRI Workshop on Primary Side SCC and
Secondary Side SCC and IGA of PWR Steam Generator Tubing in Clearwater
Beach, Florida. - :

R. Bandy and D. van Rooyen. Quantitative Examination of Stress
Corrosion Cracking of Alloy 600 in High Temperature Water-Work in
1983. Paper presented at November 1983 EPRI Workshop on Primary Side
SCC and Secondary Side SCC and IGA of PWR Steam Generator Tubing.

E. S. Hunt and J. A. Gorman. Specifications for In-Situ Stress Reljef
of PWR Steam Generator Tube U-Bends and Roll Transitions. EPRI
NP-3639-LD, April 1984.

R. L. Dillon. NRC Concerns about Steam Generator U-bend Failures.
Proceedings of August 1980 U-bend conference in Denver, Colorado.
EPRI WS-80-136.

Specifications for Alloy 600 Steam Generator Tubing. Draft report for
EPRI task no S303-12.

. P. Airey. SCC of Inconel 600 in Pure and Primary Water
nvironments. Paper presented at November 1983 EPRI Workshop on
Primary Side SCC and Secondary Side SCC and IGA of PWR Steam Generator
Tubing in Clearwater Beach, Florida.

Mitsubishi Heavy Industries, Ltd. Primary Side SCC in Japanese PWR
Plants SG Tubing. Paper presented at November 1983 EPRI Workshop on
Primary Side SCC and Secondary Side SCC and IGA of PWR Steam Generator
Tubing in Clearwater Beach, Florida.

8-2




Appendix A
LOCAL HEAT FLUX AND PRESSURE STRESSES IN TUBE WALL

The purpose of this appendix is to compute the approximate local heat flux
stresses and pressure stresses for straight sections of tubing along the length of
a typical first row tube from the hot let inlet to the cold leg outlet. These
stresses can then be combined with other applied and residual stresses at the
expansion transitions and U-bends to estimate the total stresses. The total
stresses are then used to estimate time to crack initiation for various Tocations
along the tube length.

ASSUMED DIMENSIONS AND OPERATING CONDITIONS

The following typical dimensions and operating conditions were assumed for
purposes of this analysis:

¢ Primary pressure ' 2250 psi =

e Secondary pressure 920 - psi

e HL inlet temperature 615 - F '

e Average CL outlet temperature 555 - F _ ]C}
e Secondary water temperature 535 - F 33. lSX
o Coolant flow per steam generator @ 1b/hr

o Number of tubes 3388

e Tube outside diameter 0.875 - in

e Tube wall thickness 0.050 - in

e Length of first row tubes 60 - ft

o Length of outer row tubes 80 ft )

e Hot leg heat flux 114000 - BTU/hr*ftz -

o Cold lTeg heat flux 24000 BTU/hr*ft2

THERMAL ANALYSIS

The thermal model is shown in Figure A-1. The Tnsfde heat transfer coefficient
for forced convection with turbulent flow is taken from equation 8-10 of Kreith
(33) using an average flow velocity through all of the tubes. The outside
surface boiling temperature drop is taken from Figure 10-6 of Kreith, and the
inside and outside surface fouling factors were selected iteratively to produce
the reported hot leg and cold leg heat fluxes. The computations were performed
using a step approach in which the heat flux out through each one foot long
segment of tubing is used to compute the coolant water temperature entering the
next segment of tube.
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STRESS ANALYSIS

The pressure induced hoop stress is computed from the primary to secondary side '
pressure differential using a thick wall formula. For a differential pressure of
1330 psi, the inside surface hoop stress is 11,013 psi (76 Mﬁa). The inside
surface thermal stress due to heat flux (but not due to hot/cold leg tubing
thermal expansion) is computed from the temperature drop across the tube wall
using the classical equation for a thick wall cylinder, i.e., equation 15.6 from
Roark (34). ‘

RESULTS

The pressure and heat flux stresses on the inside surface of the tube at the
three locations of primary interest are as follows:

Temperature (°F) Inside Surface Hoop Stress (psi)
Location Fluid Inside Surface Pressure Heat Flux Total
{
Hot Leg Inlet 615 592 11,013 -7,016 3,997 |
U-Bend 577 . 565 11,013 -3,539 7,474 /

Cold Leg Outlet 558 552 11,103 -1,773 9,240

It should be noted that residual stresses and local bending stresses due to
pressure and overall U-tube thermal expansion are not included in the above
values, and would need to be added to the above values to determine total
stresses. '
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Appendix B
STRESSES IN TUBE WALL AT EXPANSION TRANSITIONS

The purpose of this appendix is to summarize the reported operating and residual
stresses in tube expansion transitions. These results include work by Brookhaven
National Laboratory, Mitsubishi Heavy Industries, EdF, and Dominion Engineering.

BROOKHAVEN NATIONAL LABORATORY

Brookhaven National Laboratory has measured the inside surface residual stresses
in the area of tube expansion transitions using X-ray analysis (31,35). The first
series of stress measurements was taken at intervals of about 6mm (0.24 in) along
the tube wall in the region of the expansion transition (31). The results of
these measurements are shown in Figure B-la. These results show that the
longitudinal and hoop stresses are compressive in areas on either side of the
transition, but both are tensile near the top of the expansion transition.. The
measurements werz_}epeated at 1mm (0.04 in) intervals in the area of the
transition (35). The resuits of these measurements, shown in Figure B-1b,

indicate that(peak tenmstte TesTdua] SLYesses can be on the order of 125 ksi (862 )&

MPa) hoop and 35 ksi (241 MPa) longitudinal.

MITSUBISHI HEAVY INDUSTRIES

Mitsubishi has determined the residual stresses in the roll expanded region

and the roll transition by several different methods (27). These methods included
released strain measurements, and SCC tests in polythionic acid. The results of
this work show residual tensile stresses at the ID surface in the roll transition
region in the range of 20-28 ksi (138-193 MPa). The residual stresses measured by
these methods would be expected to be less than obtained using the x-ray technique
applied by Brookhaven National Laboratory. Residual stresses in the roll expanded
area were determined to be compressive-when properly rolled, but to be tensile if
insufficient rolling was performed.

ELECTRICITE DE FRANCE

Elctricite de France (EdF) performed finite element analyses to determine the
inside surface residual stresses associated with roll transitions (36). The

B-1




SUMMARY

In summary, the above data indicates that the residual stresses are most 11ke1y
controlling. Specific values assumed to estimate the time to cracking are l
reported in Section 3.




results of their analyses are shown in Figure B~2. In summary, the analyses
indicate that the following stresses should be present:

Stresses ksi (MPa)
Location Hoop Longitudinal

¢ Fully expanded region -94(-650) -29(-~200)
e 5-7mm (0.2-0.3 in) above +65(450)
top of expanded region

DOMINION ENGINEERING

To the best of our knowledge, there are no detailed finite element analyses of
the tube expansion transition reported in the public literature. Accordingly,
elastic stresses due to operating pressure and temperature, but excluding
residual stresses, were computed for these regions as part of this study. The
model used for the calculations is shown in Figure B-3 and the results of the
calculations are as follows:

. Expansion Transition Within Tube Sheet - For the case of
the expansion transition within the tube sheet the model in
Figure B-3 was assumed with a uniform temperature of
615°F(324°C) and a differential pressure of 1330 psi (9.2
MPa). Axial Toad was applied to the end of the tube to
simulate axial pressure stress. The geometric discontinuity
was not simulated as previous calculations had indicated
that the local stress concentration factor is very Tow. The
results of this calculation are plotted in Figure B-4 and
indicate Tow + 4 ksi (28 MPa) tensile stresses at the inside
surface of the tube.

] Expansion Transition at Top of Tube Sheet - Analyses were
also performed to determine the stresses which exist in the
tube at the top of the tube sheet due to internal pressure
and the local axial thermal gradients at this discontinuity.
The thermal boundary conditions for this analysis and
resultant thermal gradients are shown in Figure B-5. The
stresses in the tube at the transition are compressive, or
low tensile for this case as shown in Figure B-6.

[ Straight Run of Tube at Top of Sludge Pile - A final
calculation was made of the local thermal gradients and
thermal stresses at the point where a straight run of tubing
leaves the sludge pile region. The thermal boundary conditions
for this case and resultant thermal gradients are shown in Figure
B-7a. The stresses at this interface are on the order of -7 ksi
(48 MPa) on the inside of the tube and +8 ksi (55 MPa) on the
outside of the tube. These stresses are identical to the thermal
stresses computed in Appendix A and indicate that the thermal
bending stresses are insignificant as shown in Figure B-8b.
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Thermal Stresses in Tube Wall at Sludge Pile Interface
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Temperature Distribution in Tube Wall at Sludge Pile Interface
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Appendix C
STRESSES IN TUBE WALL AT U-BENDS

The purpose of this appendix is to summarize the reported operating and residual
stresses in the U-bend region of first row tubes. These results include work by
Robert L. Cloud Associates, Inc., Mitsubishi Heavy Industries, Ltd., and Penn
State University.

R. L. CLOUD ASSOCIATES

Cloud, Leung, and Loey, of R. L. Cloud Associates, Inc. have computed elastic
pressure and thermal stresses in U-bend region of a typical Model 51 steam
generator row 1 tube (37). The analyses consisted of two models as shown in
Figure C-1. The first model was of an entire tube from the tube sheet to the
U-bend including both the hot and cold legs. The purpose of this model was to
obtain the displacements of the tube at the elevation of the upper tube support
plate. The second, more detailed, model was of the U-bend region and straight
legs above the upper tube support plate. The purpose of this model was to obtain
the stresses in the U-bend region for combined internal pressure and thermal
displacements. The analyses were carried out with and without a "bump" simulating
the transition region between the straight and bent portions of the tube.

The highest reported hoop tensile stresses on the inside surface of a tube without
a "bump" were 31 ksi (214 MPa) on the flank of the tube. This is shown in Figure
C-2. The analysis of the case with a "bump" showed that operafing stresses were
not significantly increased.

It should be noted that the stresses reported above do not include the effect of a
through thickness temperature gradient. Based on work in Appendix A, the through
thickness thermal gradient produces a compressive hoop stress on the order of -3.5
ksi (24 MPa) on the inside surface of the tube at the U-bend location. This
lowers the computed inside surface hoop tensile stress by about 10 percent to 27.5
ksi (190 MPa).
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(] Strain Gage Sectioning Tests - Residual stresses along the axis of
the U-bends were measured using a strain gage sectioning
technique. These results indicate inside surface tensile hoop
residual stresses on the order of 15 ksi (97 Ma) for the tubes
formed using the cylindrical plastic mandrel, and 50 ksi (345 MPa)
for tubes formed using the ball mandrel.

In summary, the Mitsubishi results indicate that operating tensile stresses on the
inside of the tube are on the order of 17 ksi (117 MPa), and that residual tensile
stresses are on the order of 15-50 ksi (103-345 MPa).

PENN STATE UNIVERSITY

C. Ruud, of Penn State University, has determined outside surface hoop stresses in
first row U-bends by the X-ray diffraction technique (38). The results of this
work indicate stresses on the order of 50 ksi (345 MPa) compressive. It has been
inferred from this data that the stresses on the inside are on the order of 50 ksi
(345 MPa) tensile. These results are in reasonably good agreement with the
Mitsubishi results obtained by the strain gage sectioning technique. It is noted,
however, that local surface stresses can be much higher due to surface work
hardening.

SUMMARY

In summary, the inside surface tensile hoop stress for tubes formed by the
Westinghouse ball mandrel method could be on the order of 65 ksi (448 MPa). This
consists of a residual stress of about 45 ksi (310 MPa) and an operating stress of
about 20 ksi (138 MPa). Higher peak surface stresses are believed to exist due to
local surface work hardening. For the case of tubes formed with the plastic
cylindrical mandrel, the stresses should be reduced by at least 15 ksi (103 MPa)

to about 50 ksi (345 MPa).
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MITSUBISHI HEAVY INDUSTRIES

Kansai Electric Power Co. and Mitsubishi Heavy Industries performed finite element
analyses similar to those performed by R. L. Cloud Associates, a series of
polythionic acid tests, and residual stress measurements (6). This work is as
follows: '

0 Analyses - Mitsubishi analyses of a first row U-bend
included a global model to obtain boundary conditions
representative of the upper tube support plate elevation,
and a local model of the U-bend above the upper support
plate. While the reference does not provide complete
assumptions, it is possible to infer that their boundary
conditions did not include the effect of a through thickness
thermal gradient. The Mitsubishi analysis results, shown in
Figure C-3, indicate an inside surface hoop stress of 11.6
ksi (80 MPa) in the region two tube diameters below the
tangent point, and a peak inside surface hoop stress of
about 17 ksi (117 MPa) on the flank about 25 degrees above
the tangent. The location of the peak stress is the same as
jdentified by R. L. Cloud Associates, however, the
magnitude of the peak stress is about half. The difference
in computed peak stress may be due to differing boundary
conditions in the global model but this has not been
confirmed. Subtracting the 3.5 ksi (24 MPa) compresive
stress produced by the through thickness thermal gradient
would result in a inside surface tensile hoop stress of about
13.5 ksi (93 MPa).

. Polythionic Acid Tests - First row U-bend specimens were
formed form sensitized alloy 600 tubing using the ball
mandrel procedure used by Westinghouse, and by the
plastic cylindrical procedure used by Sumitomo. The tubes
were filled with polythionic acid, pressurized to 1422 psi
(9.94 MPa), and then subjected to the boundary condition
loads and moments predicted by the global finite element
model. The stress level in the tube was estimated based on
the results of separate load controlled tests. The results
indicated that cracks typically develop 10-30 degrees above
the tangent point and are indicative of stress levels on the
order of 50-60 ksi (345-414 MPa).

Results of examination of failed tubes from Takahama 1 and

the polythionic acid tests show that the actual failures do

not occur at exactly the same location where the peak
operating stresses are computed using the finite element
programs. Rather, they occur at the tangent point where an abrupt
change in ovality occurs for the case of tubes formed using the
ball mandrel process. Mitsubishi infers from this that local
residual stresses due to the forming process are a significant
factor in explaining primary side IGSCC, and that the
susceptibility increases when this high residual stress location
occurs on the cold leg.
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Appendix D
DATA BASE

The purpose of this appendix is to tabulate key design and operating data for
Westinghouse type steam generators with non-thermally treated alloy 600 tubing,
and which were in operation prior to the start of 1983. In addition, several
plants which went into commercial operation subsequent to the start of 1983, but
which have already reported primary side IGSCC, are included.

Information for the data base was obtained from a number of different sources
including: the EPRI Steam Generator Data Base (39); published 1ists of power
plants (40,41); NRC Public Documents Room; other EPRI publications (1,42) and
discussions with EPRI, utility, and NSSS personnel, etc. A

Where data is provided for tube material properties, it should be noted that the
information is from tests on limited samples. In fact, there can be as many as
200 heats of material in a single steam generator, and each of the heats can
differ somewhat in properties.

The data base is not complete since the work scope for this project was limited to
compiling the data which could be obtained within the scope of this project.

The following abbreviations are used in the data base:

AVT , AVT water treatment

CsS Carbon steel

CYL PLAST MNDRL Cylindrical plastic mandrel

DAM Dudgeonnage Ameliore Mecaniquement treatment
F.D.ROLL ‘ Full depth roll

H BALL MANDREL Huntington ball mandrel

PHOS Phosphate water treatment

MHI Mitsubishi Heavy Industries

RWE Recirculating type S.G. with economizer
RWOE "~ Recirculating type S.G. without economizer
WH BALL MANDREL Westinghouse ball mandrel
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DOMINION ENGINEERING, ING.
EFRI/SEOG II CRACKING SURVEY
ALMARAZ 1

‘LANT DESCRIFTION

-1 FLANT NAME AND UNIT NOes et i it eitnnnnnnan
.2 UTILITY....................................
« 3 NSSS SUPPLIER..............................
4 ELECTRIC FOWER RATING (MWE) ot i e st innnnenan
S THERMAL POWER RATING MWT) ettt it n e nnnnss
&

DATE OF COMMERCIAL OFERATION. t cvenaureannns

b s e g e )

TEAM GENERATOR GENERAL INFORMATION

NUMEBER OF STEAM GENERATORS. v vt incnnensonns
STEAM GENERATOR TYPE .t ettt i tinennarnnnnnes
STEAM GENERATOR MODEL L
STEAM GENERATOR FABRICATOR/LOCATION. .......
DATE OF STEAM GENERATOR COMPLETION. ... cu0u..

[ S SIS ]

[ RN S

TEAM GENERATOR DIMENSIONS
TUBESHEET THICKNESS (inchesS)seveennnnnaenns
TUBE OUTSIDE DIAMETER (inches) vieeneenennes
TUBE WALL THICKNESS ANche8) i it e nnunesnenn,
NUMBER OF TUEES PER STEAM GENERATOR e cveu...
TUBE PITCH (inches)........................
TUBESHEET RADIAL CREVICE (inches).eeeeaanos

‘DEPTH OF TUBESHEET CREVICE tinches)........

..:-.m

Rl=m N bk

[ERCRCRRET NP ERN)]

AM GENERATOR MATERIALS

TUBESHEET MATERIAL t ittt is et aeennnenunnenns
TUBE SUFFORT PLATE MATERIAL. .. civerennnen.
TURE L
TURE SUPPLIER..............................
DATE OF TUBE MANUFACTURE .t c v ettt vt e v enne

MATERIAL FROPERTIES

ASTM GRAIN SIZE RANGE. .t cviivr i st nennnnnnes
CARBON CONTENT RANGE (percent) . iceenneinens
YIELD STRESS RANGE (KS1)uuoeinrennnneennnaa
MILL ANNEAL TIME/TEMP (min/deg Fliseeeeen..

c )
P AR - %11 a b

aada—

cC
m

EXPANSION PARAMETERS

TYFE OF EXPANSION PROCESS. t vt ennonsnennans
RADII OF ROW 1 AND 2 U-BENDS {inches),.....
PROCESS USED TO FORM EENDS .t e it v eennrnnnnas
STRESS RELIEF AFTER TURING (hours/deg F)...

oo D4
U ~DW

~

T

m

AM GENERATOR OPERATING PARAMETERS
.FRIMARY COOLANT PRESSURE (PSi)vecrnnanceaas
HOT LEG INLET TEMPERATURE (deg Floveeenaann
COLD LEG OUTLET TEMFERATURE (deg Fleevansus
HOT LEG HEAT FLUX (BTU/Rr/+t"2) s vt ennnnnnn
COLD LEG HEAT FLUX (BTU/Br/ft™2).ceeenn...
STEAM GENERATOR OPERATING TEMF. (deg F).....
STEAM GENERATOR OPERATING FRESS. (psi)......
TYPICAL SLUDGE PILE DEPTH (inches).........
WATER CHEM IS TRY . 4ttt ittt e e nnnacensennens

NNNSNNNNSNNG
Q0N U P R e

ALMARAZ 1

HIDROELECTRICA SA

WEST INGHOUSE
930

2686
10/15/81

3
RWE *
D3

/7

21.0
. 730
.043
4674
1.063
- Q000
Q0. 00

SA S08

cs

ALLOY 600
WEST INGHOUSE
/7

FULL DEFTH ROLL
2.250,3.312

W. BALL MANDREL
NONE

2T
4.2-4\.1

612

596

AVT ONLY

* Recirculating Westinghouse steam generator with economizer
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DOMINION ENGINEERING, INC.
EFRI/SGOG 1I CRACKING SURVEY
ALMARAZ 1

8. REPORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to lst observation)
8.1 FRIMARY SIDE IGSCC :
8.1.1 EXPANSION TRANSITION..evereasnsoacas YES
.1.2 EXFANDED REGION:sscevvsasasasnnsscans YES
1.5 U—BEND TRANSITION..scssssacacennvens
4 U—-BEND AFEX—-DENTING RELATED...c.c.as
5 U-BEND AFPEX-NQT DENTING RELATED.....
.64 TSP INTERSECTION-DENTING RELATED....
7 PLUGS.esssesrsasoscccsaasansnasnsssnnas
8.2 R FRIMARY PROBLEMS(e.g. sulfur attack).
9. REFORTED SECONDARY SIDE FROBLEMS (Yes/No,Date or EFPD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION. . .ceceasecavans
9.1.2 TUBESHEET CREVICE.:esscsssnvaanscens
9.1.5 SLUDGE FILE REGION:.cesoscenssnonnns
9.1.4 TSP INTERSECTION. csacvrcccoannascsnsn
7.2 INTERGRANULAR ATTACK (IGA)
5.2.1 EXPANSION TRANSITION...cessascccanes
9.2.2 TUBESHEET CREVICE. . cccaveasaanannnce
9.2.3 SLUDGE PILE REGION...ccccsanvcoacncns
9.2.4 TSF INTERSECTION.c:ocoevsacnsansaannne
DENTING . aceveessssssncsossnessssesssananesscns YES—-MINOR
CORROSION FATIGUE. . ccesesoascassncnncsacans
EROSION-CORROSION. s ecrvssasssascsanssanananys
FITTING . auasasosnsassasassnasnsnssassssssandns
WASTABGE . s c ccassnsvsnsssssssnnasnnsannanarnsas
WEAR s e s sasnssssnssansnsssasansnssaensenannse YES
9.9 OTHER SECONDARY SIDE PROBLEMS....cacsserans

Y00 0-o
0~ R 0

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGBED..sssacecosssvsasanncnns
10.2 TOTAL TUBES SLEEVED..c.sveseesssecascananres
10.3 DTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3
11.4

11.5

11.6
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DOMINION

ENGINEERING, INC.

EFRI/SGOG II CRACKING SURVEY
BEAVER VALLEY 1 .

1. PLANT DESCRIPTION

1.1

m oL UHP

T

MNRNMRO

m AWk

(2]
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[
m

(—:l LIf.IU!UI—i
m hl‘./ll‘J'-‘g_Jl i b)) -

T

NNNNNNNSNNOG o o0

NAONCTUHUN~-

PLANT NAME AND UNIT NO....c.uausssceaesness BEAVER VALLEY 1
UTILITY . s ereenravusnancssanansansnenssasssae DUAUENSE LIGHT
NSSS SUPPLIER. i ccevecavssenncessnsssenseses WESTINGHOUSE
ELECTRIC POWER RATING (MWE) s.caevveasaseeas 832

THERMAL POWER RATING (MWT)seaerncersceaaeas 2632

DATE OF COMMERCIAL OPERATION....cosecesssnass 4/15/77

AM GENERATOR GENERAL INFORMATION

NUMEER OF STEAM GENERATORS. cisestesacnncans 3

STEAM GENERATOR TYPE...cccacecsscsscssnsass RWOE **
STEAM GENERATOR MODEL NO....scvccccasnaaaas Gl

STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
DATE OF STEAM GENERATOR COMPLETION....ceeae //

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (incheS)..vssesssssaees 21.0
TUBE OUTSIDE DIAMETER (inche@sS).csvervecesnes 875
TUBE WALL THICKNESS (inches)...cscsescscses 2030
NUMEER OF TUBES PER STEAM GENERATOR:........ 3388
TUBE PITCH (inCheS)ececusssonssnssssnsansreas 1.281
TUBESHEET RADIAL CREVICE (inches).ccccaraes 0000
DEPTH OF TUBESHEET CREVICE (inchesS)........ 00.00

AM GENERATOR MATERIALS

TUBESHEET MATERIAL.ccoscccencnesasssanaeasaa SA 508

TUBE SUPPORT PLATE MATERIAL...cecsewsasssaase CS

TUBE MATERIAL. ccenecasvacenesasansannenssass ALLOY 400

TUBE SUPPLIER.:ccsesesnecsnanansssaraanssess WEST/HUNTINGTON
DATE OF TUBE MANUFACTURE..:ccsvssacenasasnss //

MATERIAL PROPERTIES

ASTM GRAIN SIZE RANGE. .. .ccvauvnsocccasnveans
CAREON CONTENT RANGE (percent).icecacsasars
YIELD STRESS RANGE (KSi).weseesssecscnnanne
MILL ANNEAL TIME/TEMP (min/deg Fl.cccaeecnes

EXPANSION PARAMETERS . ,

TYPE OF EXPANSION PROCESS..cccccossnanaseas. ROLL/EXPLOSIVE
RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.1875,3.4685
PROCESS USED TO FORM BENDS.....caee-2ass.... WH BALL MANDREL
STRESS RELIEF AFTER TURING (hours/deg F)... NONE

AM GENERATOR OPERATING PARAMETERS

PRIMARY COOLANT PRESSURE (PSi)essceasvassas 2235

HOT LEG INLET TEMFERATURE (deg Fleseisauaas. 610

COLD LEG OUTLET TEMFERATURE (deg Fl..es.... 543

HOT LEG HEAT FLUX (BTU/hr/ft"2).cceecccsancs

COLD LEG HEAT FLUX (BTU/hr/ft™2)ccvsccaacns

STEAM GENERATOR OQFERATING TEMP. (deg Fl..... 317
STEAM GENERATOR OPERATING PRESS. (pSi).s.... 825 -
TYFICAL SLUDGE PILE DEPTH (inchesS)....cacse.

WATER CHEMISTRY.ucaacoenassonnsananssanssas AVT ONLY

** Recirculating Westinghouse steam generator without economizer
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DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
BEAVER VALLEY 1

8. REPORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to lst observation)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION:+scveessssnsaans

8.1.2 EXPANDED REGION. .. cccaeesanaressnnasn
8.1.3 U-EBEND TRANSITION..e:coessnassnasonse
8.1.4 U-BEND AFEX-DENTING RELATED.csccaae-
8.1.5 U—-BEND APEX—-NOT DENTING RELATED.....
B.1.6 TSF INTERSECTION-DENTING RELATED....
8.1.7 PLUBS. . .cctanvacanasacscassanasaasannas
8.2 O0OTHER PRIMARY PROBLEMS(e.g. sulfur attack).

?. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1st observation)
9.1 SECONDARY SIDE IGSCC
F.1.1 EXFPANSION TRANSITION....cavacsavnans
.1.2 TUBESHEET CREVICE...eiccivascnacnnns
«1.3 SLUDGE PILE REGION..cevssasvsannanaas
1.4 TSP INTERSECTION..:cctcceanesesnaannn
TERGRANULAR ATTACK (IGA)

2.1 EXPANSION TRANSITION......ccveeannas
2.2 TUBESHEET CREVICE..:scvevsensnsneanass
-2.3 SLUDGE PILE REGION...:venvesacaasnns
9.2.4 TSP INTERSECTION..ucecsecacnsoacsasse
DENTINGaseovancceannacanasacaasssanannnansnns
CORROSION FATIGUE. ..t eeuenavncennaranancnans
EROSION-CORROSION. . cssecnsasencsannasasnnns
PITTING. cvvecrsevvanascrsanannssnasnaansnannen
WASTAGE e cseuvenrssenessonvasnsasaananannnnns

o

OTHER SECONDARY SIDE PROBLEMS...cevea...... YES(LODOSE PARTS)

9000000
V0N U B

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED. .+ :seeuacsanssnsanssans 7
10.2 TOTAL TUBES SLEEVED...cveavesascunansannans
10.3 OTHER (tube expn.,stress relief,peening)...

11. NQTES
11.1
11.2
11.3
11.4

11.5

11.6

D-5




DOMINION ENGINEERING, INC.
EFPRI/SGO6 II CRACKING SURVEY
BEZNAU 1 .

FLANT DESCRIPTION
1.1

FLANT NAME AND UNIT NO. e seeonneevennosenacs

b 4 G I

«Z NBS8S SUPPLIER. .. cueiveseaaneeunsonennnannns
1.4 ELECTRIC FOWER RATING (MWE) . uv.veeerocnanens
1.3 THERMAL POWER RATING (MWT) euueenennesnnnnas
1.6 DATE OF COMMERCIAL OPERATION. .v:evensrsnnes

Z. STEAM GENERATOR GEMERAL INFORMATION

2.1 NUMBER OF STEAM GENERATORS. .ussneseescanssns
2.2 STEAM GENERATOR LI T
2.7 STEAM GENERATOR MODEL NO.:ueeseevorsnnmanas
2.4 STEAM GENERATOR FABRICATOR/LOCATION. ..e0...
2.5 DATE OF STEAM GENERATOR COMFLETION.........

A

TEAM GENERATOR DIMENSIONS
TUBESHEET THICKNESS
TUBE OUTSIDE DIAMETER

TUBE WALL THICKNESS

(inches) iueenaass

(inches) ccseuecnee
NUMBER OF TUEES FER STEAM GENERATOR. .

(inchesS) i veencennanas

L & L 0 D

TUBE FPITCH

(INChES) et eesannnssccacnne

TUBESHEET RADIAL CREVICE
DEFPTH OF TUBESHEET CREVICE

(inches)....

(inches)..

TEAM GENERATOR MATERIALS

G R3 =M Noum e WM

a s

LI I N R )]

MATERIAL PROPERTIES

C

SR~
m

CAREON CONTENT RANGE

Mo+

MILL ANNEAL TIME/TEMF

[

VONOCMR IR~ M EN I N ﬁ

EXPANSION PARAMETERS

o000+

T

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

NSNNSNNSNNNNG

TUBESHEET MATERIAL .2 seenecennncaanens
TUBE SUPPORT PLATE MATERIAL...cvcuwe..
TUBE MATERIAL. s veveseannnsnnnaannnasa
TUBE SUPPLIER.:eccvvscanscssannanaans
DATE QF TUBE MANUFACTURE . e caeeusans-

ASTM GRAIN SIZE RANBE. . :cceerenneness

(percent).......

YIELD STRESS RANGE (KS1)uuuasecevanrncannns

(min/deg Flivwseseaes

TYFE OF EXPANSION PROCESS. ..t escecccaensnnn
RADII OF ROW 1 AND 2 U~BENDS (inches)......
FROCESS USED TO FORM EENDS. ceveenecannsenens
STRESS RELIEF AFTER TUBING (hours/deqg F)...

AM GENERATOR OPERATING PARAMETERS
PRIMARY COOLANT PRESSURE (PSi)eeaseccarnane
HOT LEG INLET TEMPERATURE (deg Fleveceneene
COLD LEG OUTLET TEMFERATURE (deg F).vvevew.
(BTU/hr /fE"2) cunviannnanas
(BTU/hr /ft™2) viieennnnsa
STEAM GENERATOR OFERATING TEMP. (deg F).....
STEAM GENERATOR OPERATING PRESS. (PSidavess.
TYPICAL SLUDGE PILE DEPTH (inch@S)...ee.ees
WATER CHEMISTRY .. it iieeeaancresnannnecnnnes

D-6

BEZNAU 1

NOK:

WEST INGHOUSE
330

1130
12/15/69

RWOE
I3

//

20.0
.87S
. 030
2604

« Q060
18.00

FORG.STL.

Cs

ALLOY &00

HUNTINGTON
7/

4.5

PART DEPTH ROLL
H BALL MANDREL
NONE

2235
599
S44

S0Qae
730
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DOMINION ENGINEERING, INC.
EFPRI/SGOG 11 CRACKING SURVEY
BEZNAU 1

8. REFORTED FRIMARY SIDE PROBLEMS (Yes/No, Date or EFPD to 1st observation)
8.1 FRIMARY SIDE IGSECC

8.1.1 EXPANSION TRANSITION«..ccaccnssanoaas
8.1.2 EXFANDED REGION..ccvascnssncacccanns
8.1.3 U-EBEND TRANSITION....vsavuansancncee
8.1.4 U-BEND APEX-DENTING RELATED.....c...
8.1.5 U-BEND APEX-NOT DENTING RELATED.....
8.1.6 TSF INTERSECTION-DENTING RELATED....
8.1.7 PFLUGS..seesessssnasssssnssnacanaanne
8.2 OTHER PRIMARY PROBLEMS(e.g. sulfur attack).

9. REPORTED SECONDARY SIDE FROBLEMS (Yes/No,Date or EFPD to ist observation)
%.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION.:cccscnveccccos
9.1.2 TUBRESHEET CREVICE.sccecscsscnsnnesna YES-2 yrs
9.1.3 SLUDGE PILE REGIONa.csscceaconannmnns YES
9.1.4 TSP INTERSECTION.:ceacencaccannccean
9.2 INTERGRANULAR ATTACK (1GA) .
9.2.1 EXPANSION TRANSITION..:sceaosacncnns :
9.2.2 TUBESHEET CREVICE..scccasasnssncanns YES-2 yrs
9.2.3 SLUDGE PILE REGION...cveasseaccnncen YES
9.2.84 TSP INTERSECTION.:sscecscnasscacsncns
DENTING. . cscesvassasavcannsnaesssnsanssanssns
CORROSION FATIGUE.ccscacsscancnnonansncacas
EROSION-CORROSION: c s s scenacesssssnnccccnnse
PITTING..vacesessannsasnsasnsssnsassennnssns
WOSTABE . « v easesssonansscsansnsssanssannanses YES
WEAR. s v seveosssneasesansssssnancnsansaansans YES
OTHER SECONDARY SIDE PROBLEMS..caseaescavns

90VO0000
Qoo P i

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGBED.sscssenscsossssecsaannn 1117
10.2 TOTAL TUBES SLEEVED..:scssccssanassccnannns
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3

11.4

11.

&}

11.46



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
BEZNAU 2

1. PLANT DESCRIPTION

1.1 PLANT NAME AND UNIT NOu v evvnsoeonconnnnnin

m [ RS N

ELECTRIC FOWER RATING

[

T

m sk -

TEAM GENERATOR DIMENSIONS

TUBE QUTSIDE DIAMETER

12
AAHAWHWHAD RN G

TEAM GENERATOR MATERIALS

C
m

MATERIAL FROPERTIES

MILL ANNEAL TIME/TEMP

(=
m

EXPANSION PARAMETERS

L 0 I
NSSS SUPPLIER. .. vscesncensansavaanansensas

MWE) e e vt v eenceannnas

THERMAL POWER RATING (MWT) . .vessonnanoanses
DATE OF COMMERCIAL OFERATION. ceveecsceasans

AM GENERATOR GENERAL INFORMATION
NUMBER OF STEAM GENERATORS.::cssseccecnnsnn
STEAM GENERATOR TYPE«:.usceoccsssnannsoncns
STEAM GENERATOR MODEL NO.es.svscavenssonans
STEAM GENERATOR FABRICATOR/LOCATIOM...cessa
DATE OF STEAM GENERATOR COMPLETION....c:ssa.

TUBESHEET THICKNESS (inchesS)..scceeacvcenns

(inchesS).cecacesnanea

TUBE WALL THICKNESS (inchesS)..cssascicacans
NUMBER OF TUBES PER STEAM GENERATOR..«e e«
TUBE PITCH (inches)..seviveacenncncassscnan
TUBESHEET RADIAL CREVICE (incheS)e.csucoss.
DEPTH OF TUBESHEET CREVICE (inches)..secs..

TUBESHEET MATERIAL.cvccuenarsenscsvcansnssnns
TUBE SUPPORT PLATE MATERIAL...tcccrnovceses
TUBE MATERIAL. . vevcetenvnvennrascnacnnnnnnne
TUBE SUPPLIER...ccccauseaanancanssansosenss
DATE OF TUBE MANUFACTURE.:. .ccceccvanesnncas

ASTM GRAIN SIZE RANGE..cccacesesnoarsananns
CAREBON CONTENT RANGE (percent).cvesncrscsas
YIELD STRESS RANGE (KSi)iseecescasscaosanas

(min/deg Fleceasavens

T
PRIMARY COOLANT FRESSURE

TYPE OF EXPANSION PROCESS....csvsscansccses
RADII OF ROW 1 AND 2 U-BENDS (inches)......
PROCESS USED TO FORM BENDS...crevacesassans
STRESS RELIEF AFTER TUBING (hours/deg F)...

AM GENERATOR OPERATING PARAMETERS

(PSi)eveacaascnnns

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

HOT LEG INLET TEMFERATURE (deg Flece.eanaes
COLD LEG OUTLET TEMPERATURE (deg Fleeesoeas

(BTU/Rr/ft"2) cccveennunae
(BTU/hr/ft"2) s eeceancans

STEAM GENERATOR OPERATING
STEAM GENERATOR OPERATING
TYPICAL SLUDGE PILE DEPTH

VRN HUNST bW~ DUND URUWUN~T NP AN~

NNNSNNSNNSNNG o000 d U A b

TEMP. (deg Flaewssen
PRESS. (PSi)escecan
(inches)ceveeeeen

WATER CHEMISTRY.ccueeeennnsnacvensnsasnanaas

D-8

BEZNAU 2

NOK

WEST INGHOUSE
350

1130
12/715/72

2
RWOE

33

/7

20.0

873

. 050
2604

« D060
18.00

FORG.STL.

cs

ALLOY 400

HUNTINGTON
7/

PART DEPTH ROLL
H BALL MANDREL
NONE

2235
597
S42

S12
773

EARLY PHOS, AVT




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
BEZNAU 2

8.

10,

11.

REPORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to

8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION. i:v:cececasanns

2

3 U-BEND TRANSITION.:cvvearsssavensnnas
4 U-BEND APEX-DENTING RELATED:cevssesa
S U-BEND APEX-NOT DENTING RELATED.....
& TSP INTERSECTION-DENTING RELATED....
7 PLUGS..vueecrsnsannnesensesananannana
R

8.2 PRIMARY PROBLEMS(e.g. sulfur attack).

EXFPANDED REGION. ¢ ecvescenneaasuanoans

YES

REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD

9.1 SECONDARY SIDE IGSCC
F.1.1 EXPANSION TRANSITIOM.:.cecsenesnsnnne
9.1.2 TUBESHEET CREVICE....c.ivtevatesannnas
F.1.3 SLUDGE FPILE REGION.....vevevansaannas
?.1.4 TSP INTERSECTION...civeeesenaansancs
NTERGRANULAR ATTACK (IGA)
«2.1 EXPANSION TRANSITION...cvecensveanns
«2.2 TUBESHEET CREVICE...vreevcinusnannns
9.2.3 GSLUDGE PILE REGION. . vccsusernaconans
F.2.4 TSP INTERSECTION. ..cueeavoncencancns
DENTING. . coevseranssscenenanonnnceansssanas
CORROSION FATIGUE. cvvueasvseacasaounsasnansca
EROSION-CORROSION. c v e v e cvevncennccnnsnonnas
PITTING...ecsanensnasannnananesnsanaaannnnne
WASTAGE . cvsesesasvesesanenansosnnnsancasesnn

C WEAR i sianertsseretssnactanassesannnnacane

OTHER SECONDARY SIDE PROBLEMS. ...cveuvaanen

N9 00909
DN

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES PLUGGED...secceesencscacanancaa
10.2 TOTAL TUBES SLEEVED. cvuveeccccenannccnsinnes
10.3 OTHER (tube expn.,stress relief,peening)...

NOTES

11.1

11.2

11.3

11.4

11.5

11.6

D-9

YES

YES

YES
YES

to

ist observation)

1st observation)



DOMINION ENGINEERING,
EFRI/SGOG II CRACKING SURVEY

INC.

BLAYLAIS 1

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NO..owo... Tescaaann
1.2 UTILITY . cuuwsnrennnnnanann “assarsersees
1.3 NS85 SUPFLIER:. cveeeetnerenasonennnnees
1.4 ELECTRIC FOWER RATING (MWE) vvveeuunnen
1.5 THERMAL FOWER RATING (MWT) e veuneerene.
1.6 DATE OF COMMERCIAL OFERATION. . .csswn..

STEAM GENERATOR GENERAL INFORMATION

NUMEER OF STEAM GENERATORS. ..veceasaes
STEAM GENERATOR TYPE::euwseeearcoannenn
STEAM GENERATOR MODEL NO.uveeevrnnnasen
STEAM GENERATOR FABRICATOR/LOCATION...
DATE OF STEAM GENERATOR COMPLETION....

2.1

STEAM GENERATOR DIMENSIONS
TUBESHEET THICKNESS
TUBE OUTSIDE DIAMETER

3.1
3.2
3.3
I.4

3.5

Lo

%)
~

b ik

S
4
4
4
4
4

[

&L B~

o000 A

(inches) civennanas

inches) ceernens

TUBE WALL THICKNESS (inchesS)...eeceaes
NUMBER OF TUBES PER STEAM GENERATOR...
TUBE FITCH (inChesS) v evscancncannnns
TUBESHEET RADIAL CREVICE (inches).....
DEFTH OF TUBESHEET CREVICE (inches)...

TEAM GENERATOR MATERIALS

TUBESHEET MATERIAL. v uceuneeennoancess

TUBE SUFFORT PLATE MATERIAL. vvereanan.,

TUBE MATERIAL . tevenernansoonneassnnnes
TUBE SUPPLIER. vt eeenoonnennenncnnnans
DATE OF TUBE MANUFACTURE . v v v v vensenes

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANBE. - v vvvvennnnsnees

CAREON CONTENT RANGE

(percent) svieneses

YIELD STRESS RANGE (HSi)uuuweeensenans
MILL ANNEAL TIME/TEMF (min/deg F).....

EXPANSION FPARAMETERS

TYFE OF EXPANSION PROCESS. .o uueeenecncennesn
RADII OF ROW 1 AND 2 U-~BENDS (inches)......
PROCESS USED TO FORM BENDS. . veusssvasasenns

STRESS RELIEF AFTER TUBING

STEAM GENERATOR OPERATING PARAMETERS

7.1

NNNNNNN N
B AONOW DR

FRIMARY COOLANT FRESSURE

(hours/deg F)...

(PS1) e eennnensnnae

HOT LEG INLET TEMFERATURE (deqg Fluseeeoane.

COLD LEG QUTLET TEMPERATURE
HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

(deg Floicioacaas
(BTU/Rr/$t"2) e nenennns
(BTU/Rr/ft" ) s iiieacenen

STEAM GENERATOR OPERATING TEMP. (deg Fl.cawa

STEAM GENERATOR OPERATIMG PRESS. (psi)
TYFICAL SLUDGE FILE DEPTH

WATER CHEMISTRY

(inches)ciuennene

BLAYLAIS 1
EDF
FRAMATOME
925

12/15/81

-

3
RWOE

SiM
FRAMATOME
/7

-.875
. 030
3381
1.281
B elulnle]
Q0.00

SA 508

Cs

ALLOY &00Q
WEST/VALLOUREC
/7

F.D. ROLL/DAM
2.1873,3.4685

NONE
2248

613
S46

840

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGOG 11 CRACKING SURVEY
BLAYLAIS 1 .

10.

i1,

REFORTED PRIMARY SIDE PROBLEMS {Yes/Na, Date or EFFD to 1st observation)

8.1 FRIMARY SIDE IGSCC

8.2 . PRIMARY FROBLEMS(e.qg.

REPORTED SECONDARY SIDE PROBLEMS(Ye

.1 OSECONDARY SIDE IGSCC

8.1.1 EXPANSION TRANSITION...seeccracnscns

2 EXPANDED REGION...svsseasacaoccnscnes
% U-BEND TRANSITION.:sesnssaceaasvnoee
4 U-BEND APEX—-DENTING RELATED...:scce-
.5 U-BEND AFEX-NOT DENTING RELATED.....
6 TSP INTERSECTION-DENTING RELATED....
7 FLUGS..«svsssssssssassessncsananssocs
R

sulfur attack).

9.1.1 EXPANSION TRANSITION...c:zscesconanse
9,1.2 TUBESHEET CREVICE...ceassescenanasnen
9.1.7 SLUDGE PILE REGION.:«sacsascnacanncs
9.1.4 TSP INTERSECTION...cenecunnenccencns

9.2 INTERGRANULAR ATTACK (IGA)

9.2.1 EXPANSION TRANSITION..csceuvacnranns
9.2.2 TUBESHEET CREVICE..e:ccaansccrvonnceas
9.2.3 SLUDGE PILE REGION...csvsanonrracecnn
9.2.4 TSP INTERSECTION..uceocenraceoannens

L ONOo P

0“9V9000-0

INSERVICE REMEDIAL MEASURES

DENTING: e eassessansssssoannnsessesaasacanes
CORROSION FATIGUE. . vccvcuussvnsnenunseancsoens
EROSION~CORROSION. carsescensseacasnnnoncenes
FITTING. aceessaneneassassannsssannsaanasnans
WOSTAGE . cessasssasasnasnnsasasscensscsasons

WERAR . ccseeccsssamnosnnsnsnossanscsavassensnsns

OTHER SECONDARY SIDE PROBLEMS....cecenavnen

10.1 TOTAL TUBES FLUGBED..s:sesassessnncannasens
10,2 TOTAL TUBES SLEEVED...sssssracaccanonccaane
10.3 OTHER (tube expn.,stress relief,peening)...

NOTES
11.1

11.2

11.3

11.4

11.

4]

11.6

D-11

s/No,Date or EFPD to 1st observation)



DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
BUGEY 2

1. FLANT DESCRIPTIGN

1.1 PLANT NAME AND UNIT NO..saeeosassasesneanns

- bR

- e b

T

PHMRNMNNGO

TEAM GENERATOR DIMENSIONS

NUMBER OF TUBES PER STEAM

TUBESHEET RADIAL CREVICE

Gl id Wi AWM

TEAM GENERATOR MATERIALS

N~ M NoCcUORWR~M AU =MmM

bbb hA

S. TUBE MATERIAL FROPERTIES

UTILITY e eesersneneunaunsancssaneaasansannes
NSSS SUPPLIER.cscescvecnannacannnnncannnnse
ELECTRIC POWER RATING (MWE) . v ececcaancasenss
THERMAL POWER RATING (MWT).e.eeveccessensas
DATE OF COMMERCIAL OFERATION. .e.savssesanns

AM GENERATOR GENERAL INFORMATION
NUMBER OF STEAM GENERATORS....iecccccscsans
STEAM GENERATOR TYPE..ceercevsenennnaananan
STEAM GENERATOR MODEL NO...cecscsanencncoes
STEAM GENERATOR FABRICATOR/LOCATION...csc..
DATE OF STEAM GENERATOR COMPLETION....s.e.«

TUBESHEET THICKNESS (inches)..ccsecscesnsnn
TURE OUTSIDE DIAMETER (inch@S).c:cccecvevaas
TUBE WALL THICKNESS (incheésS).cscscsaccesans

GENERATOR. casncee.

TUEE PITCH (incheS)e.cicccasnnsssconcensnan

(iNcheS) ccesensnee

DEPTH OF TUBESHEET CREVICE (inchesS)....av..

TUBESHEET MATERIAL.v.s.cecveecescncncncrnnnne
TUBE SUPPORT PLATE MATERIAL.ccccvceesansnes
TUBE MATERIAL.c:cncetersaceassscsnsncacsannns
TUBE SUPPLIER..v:vcesacaanosnannssansssanns
DATE OF TUBE MANUFACTURE...tscecenacsonnsas

9.1 ASTM GRAIN SIZE RANGE.+uevevsvesvacrassanse

4. TUBE EXPANSION PARAMETERS

2 CARBON CONTENT RANGE (percent)...ecscassess
S.3 VYIELD STRESS RANGE (KSi)..aesoencanncasseas
4 MILL ANNEAL TIME/TEMP (min/deg Flecicaeonas

6.1 TYPE OF EXPANSION PROCESS. .tcccnvscasennnna
6.2 RADII -OF ROW 1 AND 2 U-BENDS (inches)......
6.3 PROCESS USED TO FORM BPENDS...cvcnrarsanenana
6.4 STRESS RELIEF AFTER TUBING (hours/deg F)...

7. STEAM GENERATOR OPERATING PARAMETERS
7.1 PRIMARY COOLANT PRESSURE (PSi).ccccesucnnns

HOT LEG INLET TEMPERATURE

A )

(deg Flecacecanen

COLD LEG OUTLET TEMFPERATURE (deg Fl..evusee

TEMP. (degqg F).....
PRESS. (psi)..c...
(incheS) cevernsane

7.3

7.4 HOT LEG HEAT FLUX (BTU/hr/Ft"2)cccervcnanns
7.5 COLD LEG HEAT FLUX (BTU/hr/ft"2) caeccccesas
7.6 STEAM GENERATOR OPERATING

7.7 STEAM GENERATOR OPERATING

7.8 TYPICAL SLUDGE FILE DEPTH

7.9

WATER CHEMISTRY..{.........................

D-12

BUGEY 2
EDF -

FRAMATOME
20

2715779

3

RWGE

J1A
FRAMATOME
/7

. 875
« 050
3388
1.281
« 0000
00.00

FORG. STL.
cs

ALLOY &00Q
WEST/SANDVIK
4

FULL DEFTH ROLL
2.1875,73.4685

NONE
2248

613
S46

840

AVT ONLY




DOMINION ENGINEERING, INC.
EPR1/SGOG II CRACKING SURVEY
BUGEY 2

10.

11.

REFORTED PRIMARY SIDE PROBLEMS (Yes/Na, Date or EFFD to ist observation)

8.1

8.2

REFORTED SECONDARY SIDE PROBLEMS (Yes/No,

9.1

96V OV00I0
oaoNoeuabU

PRIMARY SIDE IGSCC

8.1.1

[ RS N ]

EXPANSION TRANSITION..sssecesasnnean
EXPANDED REGIDON.scesanscscssanscounnns
U—EEND TRANSITION.:ceccassnsannnanss
U~-BEND APEX-DENTING RELATED..scsvne-
U~-BEND APEX-NOT DENTING RELATED...-..
TSP INTERSECTION-DENTING RELATED... .
PLUBS. e ascssasassassonsasansaansanne
PRIMARY PROBLEMS(e.g. sul fur attack).

SECONDARY SIDE IGSCC

?.1.1

?.2.4

EXPANSION TRANSITION.:ccaccocaccaess
TUBESHEET CREVICE.ccccccscnsenananvn
SLUDGE PILE REGION:cacsescsccsnsnnes
TSP INTERSECTION.screcssassccscscnns

GRANULAR ATTACK (IGA)

EXPANSION TRANSITION:.cceuroccscnnes

SLUDGE PILE REGION....cssacncnscesnnns
TSP INTERSECTION.«ccsccesasscanacnancs

DENTING.::.cnssssseansansssasaasescsosansnnsnss
CORROSION FATIBGUE. .ccssessssasacnanenconans
EROSION-CORROSION..csesescnasscecannacannce
PITTING. cecsacesanaunsssansansanesssncsenanss
WASTAGE . e e cavensnavassancnsnnnsassannassnann

WEAR. csnossesssssaencnarsnsssnunsssannenans

OTHER

SECONDARY SIDE PROBLEMS.ccccuccrsases

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES PLUGGED...ccnesrmaasssnnncunnens
10.? TOTAL TUBES SLEEVED.::ccscasvscnsanrovcccsn
10.3 OTHER (tube expn.,stress relief,peeningl)...

NOTES
11.1

11.2

11.3

11.4

11.3

11.6

D-13

YES

Date or EFFD to 1ist observation)
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DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
BUGEY I

FLANT DESCRIFTION

1.1 PLANT NAME AND UNIT NOwwsceaeeannsnssannans
. UTILITY . neennennansenanonsnnsasscannacsass
. NSSS SUFPLIER. e ueasssvcnasvecansasssnanans

ELECTRIC FPOWER RATING (MWE) .....cerveccaans

THERMAL POWER RATING

R Y

(MWT) coeennnnnnnnnnans

DATE OF COMMERCIAL OPERATION...ccccesasaaas

2. BTEAM GENERATOR GENERAL INFORMATION
2. NUMBER OF STEAM GENERATORS. .v:ccevecsnnnans
2. STEAM GENERATOR TYFE..ceeanauscansanannnens
2. STEAM GENERATOR MODEL NO....sceiesasesasasns
2 STEAM GENERATOR FABRICATOR/LOCATION...«us..
2

T
TUBESHEET THICKNESS

TURE WALL THICKNESS

NorA B~ M AbidR)-m o~ R4k

W ] AW

DATE OF STEAM GENERATOR COMPLETION.........

AM GENERATOR DIMENSIONS

(iNCheS) cevvancncansanns

TUBE OUTSIDE DIAMETER (inchesS)ecececncanans

(inCcheS)seseannacsusnans

NUMBER OF TUBES FPER STEAM GENERATOR........
TUBE PITCH (inches).csiecianennsnsonnasnans
TUEESHEET RADIAL CREVICE (incheS)...cceosess
DEFTH OF TURESHEET CREVICE (inches)........

4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL. s csuancescsncascssaannnea
4.2 TUBE SUFPORT PLATE MATERIAL.cc.iveraacsareaa
4.3 TURE MATERIAL..vecesvensusneassvecnasanannss
4.4 TUBE SUPPLIER«..csvtevassnaacensussnnaasans
4.5 DATE OF TUBE MANUFACTURE. .t csevesensannsans
S. TUBE MATERIAL FROFERTIES
.1 ASTM GRAIN SIZE RANGE. . suueescrsnsanvavananas
S.2 CAREBON CONTENT RANGE (percent)....cascecaes
-35.3 VYIELD STRESS RANGE (KSi).uiveneaoevarnsnancas
S.4 MILL ANNEAL TIME/TEMP (min/deg Flecieoosuss
TUBRE EXPANSION FARAMETERS
6.1 TYPE OF EXPANSION PROCESS...ccavavencasanns
6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)......
&.3 PROCESS USED TO FORM BENDS..cacasvrecannnnns
6.4 STRESS RELIEF AFTER TUERING (hours/deg F)...
7. STEAM GENERATOR OPERATING FARAMETERS
7.1 PRIMARY COOLANT PRESSURE (psSid.ceccicsascans
7.2 HOT LEG INLET TEMFERATURE (deg Flesssvesasss
7.3 COLD LEG OUTLET TEMPERATURE (deg Fl.suesess
7.4 HOT LEG HEAT FLUX (BTU/hr/+t"2) ccesesannsns
7.5 COLD LEG HEAT FLUX (BTU/hr/ft™2).ecacccanas
7.6 STEAM GENERATOR OFERATING TEMP.(deg F).....
7.7 STEAM GENERATOR OPERATING FRESS. (PSi)asas-e
7.8 TYFICAL SLUDGE FILE DEPTH (inches).........
7.9

WATER CHEMISTRY ..ot iasancersssnssnnnannanans

D-14

BUGEY 3
EDF
FRAMATOME
Q20

2713779

3

RWOE

S1A
FRAMATOME
/’/

.875
. 050
3388
1.281
- 0000
00.00

FORG.STL.
cs
ALLOY &00
VALLOUREC
/7

?-190
.02

FULL DEFTH ROLL
2.1875,3.4685

2248
613
S46

‘840

AVT ONLY




DOMINION ENGINEERING, INC.
EFPRI/SG0O6 II CRACKING SURVEY
BUGEY 3 '

8. REFORTED FRIMARY SIDE PROBLEMS (Yes/No, Date or EFPD to 1st abservation)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXPANSION TRANSITION..ssessasnssensas YES

8.1.2 EXPANDED REGION...sscecensasaacsncna
8.1.3 U-BEND TRANSITIOMN...ceaacasannascccns YES
8.1.4 U-BEND AFEX—DENTING RELATEDs«evesaes
8.1.5 U-BEND APEX-NOT DENTING RELATED.....
8.1.6 TSP INTERSECTION-DENTING RELATED....
8.1.7 PLUGS.cxesassasnnssnscenasnsaacnnnss

8.2 OTHER PRIMARY PROBLEMS(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE PROBLEMS (Yes/No,Date or EFPD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION..cssessacnasass
9.1.2 TUBESHEET CREVICE.:cecccsesensannsse
9.1.3 SLUDGE PILE REGION:sceessscaansnnanns
9.1.4 TSP INTERSECTION:esscecacsanerracncs
NTERGRANULAR ATTACK (IGA)

.2.1 EXPANSION TRANSITION..:casesoesscacs
.2.2 TUERESHEET CREVICE.usuvssosssssenncaas
9.2.3 SLUDGE PILE REGION:ccsecceccanacnsnnas
9.2.4 TSP INTERSECTION..:ecvaccscaacncnsaas
. 5. % DENTING.esxcaacsasassasncsnssancannsnsnscnonce
9.4 CORROSION FATIGUE.«sscrossnvsasanrassnsnans
9.5 EROSION-CORROSION. :ssesscencsnnancnnsccncns
9.6 PITTING..ccesesssasnsnsnossencsnanssnenaven
WASTAGE . ccsvsessssnssssnansssnssssessoonans

WEAR . : 2vecsassasvsacnnsassssneassnssassnacsons

OTHER SECONDARY SIDE PROBLEMS..ccsseccanrne FOREIGN OBJECTS

0990
0 WM~

10. INSERVICE REMEDIAL MEASURES
10,1 TOTAL TUBES FLUGBED::cscansasvsssasncannnes 6
10.2 TOTAL TUBES SLEEVED.:sseasccsosnasnnsesssce
10.3 OTHER {(tube expn.,stress relief,peeningl)...

11. NOTES
11.1

11.2

D-15




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
BUGEY 4

1. FPLANT DESCRIPTION

1.1 PLANT NAME AND UNIT NOu.:veensssnrroennnnn. BUGEY 4
B G
1.3 NSSS SUPPLIER. e« eesetncennenrsnanoccnnsnnss FRAMATOME

1.4 ELECTRIC FOWER RATING (MWE)u.veecesaseneees 900
1.5 THERMAL FOWER RATING (MWT) st enenncnnnnnnees
1.6 DATE OF COMMERCIAL OFERATION...csveesveeeee &/15/79

Z. STEAM GENERATOR GENERAL INFORMATION

2.1 NUMBER OF STEAM GENERATORS. e «suvesacccscees 3
STEAM GENERATOR TYPE.:.::uccsceencrennsceeens RWOE
STEAM GENERATOR MODEL NO...vveeevenssecsee. S1A
STEAM GENERATOR FAEBRICATOR/LOCATION. ...c... FRAMATOME
DATE OF STEAM GENERATOR COMPLETION.......ae /7

W

NMMNMNN

TEAM GENERATOR DIMENSIONS
TUBESHEET THICKNESS (incheS).seeeecesssssns
TUBE QUTSIDE DIAMETER (inNCh@S).useesceceences 875
TUBE WALL THICKNESS (inch@S).eeeersevenseas 050
NUMEER OF TUEES PER STEAM GENERATOR........ 3388
TUBE PITCH (inCheS)uuueecrseverernancannaa. 1,281
TUBESHEET RADIAL CREVICE (incCheS).vecessse. 0000

DEPTH OF TUBESHEET CREVICE (inchesS)...ee... 00.00

AN - M U »

WRrUN~M NS

HAWAHWNH WO

TEAM GENERATOR MATERIALS
TUBESHEET MATERIAL . s s eetesntnnnenceaannsnnes
TUBE SUPPORT PLATE MATERIAL.:eecvoencccreeos :
TUBE MATERIAL. . cuveeevnancnnssennennnsnnsea ALLOY 600
TUBE SUPPLIER. e ecsuacanscavoocannannasnsens WEST INGHOUSE

DATE OF. TUBE MANUFACTURE. . - vverennnncseees

Lo I R N ()]

C * s & s =
o3} PUN~-D
m

[
m

MATERIAL PROPERTIES

ASTM GRAIN SIZE RANGE. s v cscrrenvoanmnnnces
CAREON CONTENT RANGE (percent)...eseeseses.
YIELD STRESS RANGE (ES1)euaeeneencncnnnnans
MILL ANNEAL TIME/TEMP (min/deg F).veeseoe..

UIEJIUI—I

EXFANSION FPARAMETERS

TYPE OF EXPANSION PROCESS. .. vsnecnvecenansns FULL DEPTH ROLL
RADII OF ROW 1 AND 2 U-BENDS (inches)...... «1875,3.4685
PROCESS USED TO FORM BENDS. . veeueuvnoaceenns N BALL MANDREL
STRESS RELIEF AFTER TUBING (hours/deg F)... NONE

AM GENERATOR OPERATING PARAMETERS
FRIMARY COOLANT PRESSURE (PSi).eenensresess 2248
HOT LEG INLET TEMPERATURE (deg Fluee.:seae.. 613
COLD LEG OUTLET TEMPERATURE (deg F)lueseewe.. 546
HOT LEG HEAT FLUX (BTU/RF/$£™2) ciennencnnens
COLD LEG HEAT FLUX (BTU/Rr/+t"2) i.uerencves
STEAM GENERATOR OPERATING TEMP. (deg F).....
STEAM GENERATOR OFERATING FRESS. (PSi)e..... B840
TYPICAL SLUDGE PILE DEPTH (inNCheS).eecesses
WATER CHEMISTRY:: vt tienunennansnnnesnnanees AVT ONLY

\l\l\l\l\l\l\l\l\lm o000+ (4]

omvomaum»‘m ER A
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DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
BUGEY 4

8. REPORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to 1st aobservation)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION.e«sssssssecsaasa YES
2 EXPANDED REGION.:eceunassasananasass
3 U-BEND TRANSITION. .s s ecrerevssaanans
4 U-BEND APEX—-DENTING RELATED...cavwse
S U-BEND APEX-NOT DENTING RELATED.....
6 TSP INTERSECTION-DENTING RELATED....
7 PLUGS:.csueasersssacarsansascasannen
8.2 R PRIMARY PROBLEMS(e.g. sulfur attack).
?. REPORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFPD to 1st observation)
9.1 SECONDARY SIDE IGSCC
?.1.1 EXPANSION TRANSITION. .. :cecsncaenvans

?.1.2 TUBESHEET CREVICE. .. cveaersavasonnnns
F.1.3 SLUDGE PILE REGION..:ccceuusvesnssan
P.1.4 TSP INTERSECTION. ... ccvcsennacacvaas
7.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION.....cccaaaaenns
9.2.2 TUBESHEET CREVICE..ecuvvrnaasnvanans
?.2.3 OSLUDGE PILE REGION...vovesaacsonenns
F.2.4 TSP INTERSECTION...v:eceescanassnnss
?.2 DENTING:..:.:.vtevunasssnnasnsonnsancsnnansnnnns
?.4 CORROSION FATIGUE.oe:vevaasnnsssessacannaaans
9.5 EROSION-CORROSION..eccancasesenasacscnsanns
Peb PITTINGe.ccesuvesesasnanencssnncsonancncanans
.7 WASTABE...:evcenrsosacanssnnnsonassssnnunncns
7.8 UWEAR.:.seeewnesnsnononsnsnasnosssaannscannnasnse
9.9 OTHER SECONDARY SIDE PROBLEMS...:ccsreveans

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED..:cenunesonnsonsasennes
10.2 TOTAL TUBES SLEEVED..vccessneaansssnnssananns
10.3 OTHER (tube expn.,stress relief,peeningl...

11. NOTES
11.1
11.2
11.3
11.4

11.5

11.6

D-17




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING. SURVEY
BUGEY 5-

1. FLANT DESCRIFTION

1.1 PLANT NAME AND UNIT NOe s euneroneroneneenns

1.2 UTILITY.eeesavenncanennenonannonansanansnns
1.7 NSBS SUPPLIER..v.cveecraaenssansssnnsernana

1.4 ELECTRIC FOWER RATING (MWE)e.ueeansss

1.3 THERMAL POWER RATING (MWT)eueevuocssa
1.6 DATE OF COMMERCIAL OFPERATION....2neea
2. STEAM GENERATOR GENERAL INFORMATION
2.1 NUMBER OF STEAM GENERATORS.....vsseces
2.2 STEAM GENERATOR TYPE«eswewvasenananns
2,3 STEAM GENERATOR MODEL NO..eececeauens
2.4 STEAM GENERATOR FAERICATOR/LOCATION..
2.3 DATE OF STEAM GENERATOR COMPLETION....

T

i

TUBESHEET THICKNESS

TUBE WALL THICKNESS
NUMEBER OF TUBES PER

G LA A ] A )
NOoW R~ M

AM GENERATOR DIMENSIONS

(inches).cavacans

TUBE OUTSIDE DIAMETER (inches)...:...

(incheS) cevvneena
STEAM GENERATOR. .

TUBE FPITCH (incheS)eeaeeransacrevanas
TUBESHEET RADIAL CREVICE (inches)....
DEFTH OF TUBESHEET CREVICE (inches)..

(min/deg Flessecasses

TUBING (hours/deg Fl.i..

(PSi1)ecenancssenas

(BTU/Rr/ft"2) s evanenvane

4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL.:cvcvenncsanannnus
. 4.2 TUBE SUFPORT PLATE MATERIAL...cvaca..
4.2 TUBE MATERIAL...:ccveesecnannacnaannans
4.4 TUBE SUPPLIER.:seeceasassrsnanannnansnana
4.5 DATE OF TUBE MANUFACTURE. ccesasssseansn
S. TUBE MATERIAL FROFERTIES .
S.1 ASTM GRAIN SIZE RANGE...esesesanannnons
5.2 CARBON CONTENT RANGE (percent).ucscscencsaa
S.3 VYIELD STRESS RANGE (KSi).eeeaensansonss
J:4 MILL ANNEAL TIME/TEMP
6. TUBE EXFANSION PARAMETERS
6.1 TYFE OF EXPANSION FROCESS...resusececnsncosss
6.2 RADII OF ROW 1 AND 2 U-BENDS (incheS)......
6.3 FROCESS USED TO FORM BENDS. . vvevvcsnacarses
4.4 STRESS RELIEF AFTER
7. STEAM GENERATOR OFERATING PARAMETERS
7.1 PRIMARY COOLANT FRESSURE
7.2 HOT LEG INLET TEMPERATURE (deg Fl..........
7.3 COLD LEG OUTLET TEMPERATURE (deg Flu.eceesaas
7.4 HOT LEG HEAT FLUX (BTU/Rr/ft"2).eccecacassa
7.3 COLD LEG HEAT FLUX
7.6 STEAM GENERATOR OPERATING TEMP. (deg Fl.....
7.7 STEAM GENERATOR OPERATING PRESS. (pSi).ec..s
7.8 TYPICAL SLUDGE PILE DEFPTH (incheS).iscsaan.
7.9 WATER CHEMISTRYa: .t uuencusansrnnnanvansnnnne

D-18

BUGEY S
EDF

FRAMATOME
00

1/15/80

3

RWOE

S1A
FRAMATOME
’/

875
. 050
3388
1.281
« QOO0
00.00

ALLOY 600
VALLOUREC

7/

i1
<04

FULL ROLL/DAM
2.1875,3.4685

NONE
2248

613
S46

840

AVT ONLY




DOMINION ENGINEERING, INC.
EPRI/SGOG 11 CRACKING SURVEY
BUGEY S '

8. REPORTED FRIMARY SIDE PROBLEMS (Yes/No, Date or EFFD to 1st observation)
8.1 PRIMARY SIDE IGSCC
3.1.1 EXFANSION TRANSITION...ccassesvasess YES
EXFANDED REGION....s0ceesvasassasans YES
U-BEND TRANSITION. coavcasrnansaananse
U-EEND APEX-DENTING RELATED....cowas
U-BEND AFEX-NOT DENTING RELATED.....
& TSP INTERSECTION-DENTING RELATED....
7 FLUGS.c:acssacnunssanansasannssscsnsns
R FRIMARY PROBLEMS(e.g. sulfur attack).

(IR

8.2

©. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1st abservation)
9.1 SECONDARY SIDE IGSCC
- 9.1.1 EXPANSION TRANSITION..csassescoconss
9.1.2 TUBESHEET CREVICE.:csvesccaasenanson
9.1.3 SLUDGE PILE REGION.«ecescransncanans
9.1.4 TSP INTERSECTION..scecossvansacsansns
9.2 INTERBRANULAR ATTACK (IGA)

.2.1 EXPANSION TRANSITION..cacavaaanarnes
9.2.2 TUBESHEET CREVICE.escscsssnaaaavansas
9.2.3 SLUDGE PILE REGION:...covensnsscsnas
9.2.4 TSP INTERSECTIOM:asvaccessvnensnennans
DENTING. .ccnvssaseasasansassnsnssasesaanans
CORROSION FATIGUE..ccvsoveavssnsnancsnennoanse
EROSION-CORROSION. c s vassaescssnsvannsnnsaane
PITTING.: cacvonunaaassansnnsnnsssssnsnaaannas
WASTAGE .. cccvsssaasssasassennsssssnnnansans

WEAR .2 s cssssssansnssssnnanennsnesnsnasnnnne

OTHER SECONDARY SIDE PROBLEMS...sceecacanns

VIR s IV Iy B RV ]
S ONOU i

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FPLUGGED««casancvossevavesscnane 12
10.2 TOTAL TUBES SLEEVED. .ccsasecsssvennsanancnn
i0.3 OTHER (tube expn.,stress relief,peening) ...

i1. NOTES
11.1
11.2

11.3

11.4

11.6

D-19




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
CONNECTICUT YANKEE

1. 'PLANT DESCRIFTION )
1.1 FLANT NAME AND UNIT NOuuueseeneasssassnansas CONNECTICUT YANKEE
1.2 UTILITY.eneeuniscnneecucunnsensannnnnsaseaes CYAF
1.7 NSS8 SUPPLIER....scvesevvossassvnnssnnasses WESTINGHOUSE
1.4 ELECTRIC POWER RATING (MWE).uicucasscnnceeas S75
1.5 THERMAL POWER RATING (MWT)...c.caccasseen-ae 1825
1.6 DATE OF COMMERCIAL OPERATION:.:cwsncsasa.e. 1715768

]

2. STEAM GENERATOR GENERAL INFORMATION
2.1 NUMBER OF STEAM GENERATORS. .sseseavaarcanes &
2.2 STEAM GENERATOR TYPE.:evsucranssecsnsssnaeas RWOE
2.3 STEAM GENERATOR MODEL NO«swesaescascanseneas 27
2.4 STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHQUSE
‘2.5 DATE OF STEAM GENERATOR COMPLETION..veesnas 7/

A

. STEAM GENERATOR DIMENSIONS

3. TUBESHEET THICKNESS (inCheS)escsncccscnnnea 22.6
3.2 TUBE OUTSIDE DIAMETER (inNCheS)c.cecesesnnas o750
Z.3 TUBE WALL THICKNESS (inCheS).iccescanssssase «0O55
3.4 NUMBER OF TUBES PER STEAM GENERATOR..cze.x. 3794
TUBE PITCH (incheS)ceeceesncenasesnsnannnss 1,031
TUBESHEET RADIAL CREVICE (inNCheS)ecsecasnsee «0060
DEPTH OF TUBESHEET CREVICE (incheS)e.essess 18.00

4
-

il

{

W i
Nou

TEAM GENERATOR MATERIALS
TUBESHEET MATERIAL...scevessevansanansaus-s FORG. STL.
TUBE SUPPORT PLATE MATERIAL.:tsecssssssaasa CS
TUBE MATERIAL.vesvsesseneesassnnnassansnsse ALLOY 4600
TUBE SUPFLIER.c«.sscasnssscasseareasanaseassnas HUNTINGTON

DATE OF TUBE MANUFACTURE...vveossncsvaaanns 7/

A B v~ M

c

SR~ m b&lh]h‘g [

MATERIAL FROPERTIES

ASTM GRAIN SIZE RANGE. ctscensennscanasanans
. CARBON CONTENT RANGE (percent)..cssssscases
YIELD STRESS RANGE (kSi)ierevsonessnscsancne
MILL ANNEAL TIME/TEMP (min/deg Fleesesesaas

mama+ PhprphbWnm

C
m

EXFANSION PARAMETERS

TYFE OF EXPANSION PROCESS.u.:ccassseasseaass PART DEPTH ROLL
RADII OF ROW 1 AND 2 U-BENDS (inches)......

PROCESS USED TO FORM BENDS....<scsesessas.s H BALL MANDREL
STRESS RELIEF AFTER TUBING (hours/deg F)... NONE

TEAM GENERATOR OPERATING PARAMETERS
PRIMARY COOLANT FRESSURE (PSi)isesscscnsecns 2000
HOT ILEG INLET TEMFERATURE (deg Flueeceveeass 577
COLD LEG OUTLET TEMPERATURE (deg F)l.cisaaes 333
HOT LEG HEAT FLUX (BTU/hF/$t™2)ceuacacenans
COLD LEG HEAT FLUX (BTU/Khr/ft"2)ciccesnnsnea
STEAM GENERATOR OPERATING TEMP. (deg F)..... S06
STEAM GENERATOR OFERATING FRESS. (psid...e.. 700

TYFICAL SLUDGE PILE DEFTH (incheS)evsveeass ‘

NNNNNNNNNGO 0o
QOB ~M

WATER CHEMISTRY. tacersuservanasasesasnessesas 5 CY PHOS, AVT




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
CONNECTICUT YANKEE

8. REFORTED FRIMARY SIDE PROBLEMS (Yes/Na, Date or EFPD to 1st observation)
8.1 FRIMARY SIDE IGSCC
: 8.1.1 EXPANSION TRANSITION....cuvecasnsnans
8.1.2 EXPANDED REGION..c-cesesesasseananans
8.1.7 U-BEND TRANSITION. s v cvvcverncannsans
8.1.4 U-BEND APEX-DENTING RELATED...scue.s
8.1.3 U-BEND AFEX—-NOT DENTING RELATED.....
8.1.6 TSP INTERSECTION-DENTING RELATED....
B8.1.7 PLUGS. . vcvavesacacansssconaaanasnansss
8.2 OTHER FRIMARY FROELEMS (e.g. sulfur attack).
9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to 1st observation)
2.1 SECONDARY SIDE IGSCC
?.1.1 EXPANSION TRANSITION...ussscassnsnse
TUBESHEET CREVICE. .+ cuicreaanceeasasaa YES
SLUDGE PILE REGION. .«esesaennsnanens
TSP INTERSECTION::cccisacansansacssn
GRANULAR ATTACK (IGA)
EXPANSION TRANSITION. . sceccavavssens=
TURESHEET CREVICE...ccccauanennsenas YES
2. SLUDGE PILE REGION....ccaennnansnsnsn
?.2.4 TSP INTERSECTION. cevesencnsnsansnnns
DENTING. c2eaceaeescennsnsassnsssnansseessas YES
CORRASION FATIGUE. e essenasansnnesnnncanaas
EROSION-CORROSION. w st e s vnsoasanssonsasanses
PITTING.ceacscsusessassosaceansnsnasasnnnneneasss YES
WASTAGE . s s esevresacacaccsanssasnssannansassas YES
WEAR..vcvcosucssenasesaasnanssanssnsnnnnansenss YES
OTHER SECONDARY SIDE PROBLEMS..cccicaanenes

T e e

0

]
900=0090
IJIJI‘JFI_I‘IHHH
R Ok W)

0009000
ONOC AP

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED. .+ v:cssnssssenensasnsns 69
10.2 TOTAL TUBES SLEEVED. . .:eerscasncncnennsnnas
10,3 OTHER (tube expn.,stress relief,peening)...

11. NQOTES

11.1

11.2

11.3

11.4

11.5

11.6

D-21




N

DOMINION ENGINEERING,

EPRI/SGOG Il CRACKING SURVEY

cook: 1

1. FLANT DESCRIFTION

1.1 PLANT NAME AND UNIT NOuoewaeeeennnencennnns

o e
o Ul d R

8]

D S
NSSS SUFPLIER. .. eiuceeacaarearnenannnannssse
ELECTRIC FOWER RATING
THERMAL FOWER RATING

DATE OF COMMERCIAL OPERATION. ccvvevnnecanss

(MWE) s seeinienconanana
MWT) st eniananannnns

STEAM GENERATOR GENERAL INFORMATION

2.1 NUMBER OF STEAM GENERATORS. ..:.:ceneceerannns
2.2 STEAM GENERATOR TYPE.eeuvuancesanannnncans
2.3 STEAM GENERATOR MODEL MOuw.veooseannncnsnas
2.4 STEAM GENERATOR FAERICATOR/LOCATION. .....as

J

2]
[ R R R R
N R e

iy}
3
m
D
x4
0]
m
r
m
py
D
3
[=]
A
=}
—
X
m
Z
m
-
o
p4
n

2.3 DATE OF STEAM GENERATOR COMFLETION...cesea.

TUBESHEET THICKNESS (iMCheS) cveueancesneoss
TUBE OUTSIDE DIAMETER (iNCheS)eeeaeccannsene
TUBE WALL THICKNESS (incheS).v.ceesacsensss
NUMEBER OF TUEES PER STEAM GENERATOR. cccae s
TUBE PITCH (incheS)isetecacsncresssnnnnnces
TUBESHEET RADIAL CREVICE (incCheS)..ecscesscss
DEPTH OF TUBESHEET CREVICE (incheS)...ccea.

TUBESHEET MATERIAL . vivcuuescnsoneneencannns
TUBE SUPPORT PLATE MATERIAL.cstcaansnaceans
TUBE MATERIAL ..o evrassnosncnsnnnscsannensnsse
TUBE SUPFLIER. .. cceuesecannsasnnanennncnans
DATE OF TUBE MANUFACTURE. . v cvsreseaoranness

ASTM GRAIN SIZE RANGE. .. .cceceeessnnvcnansns
CAREON CONTENT RANGE (percent)..ceecesceccens
(ESi)uiunecaanancannnnanes

MILL ANNEAL TIME/TEMP (min/deg F)leusveeeess

TYPE OF EXPANSION PROCESS. cacevrencencanans
RADII OF ROW 1 AND 2 U-BENDS (incheS)....«.
FROCESS USED TO FORM BENDS. ..cveenensenanan
5TRESS RELIEF AFTER TURING (hours/deg F)...

FRIMARY COOLANT FRESSURE (PSiJeceaasenecens
HOT LEG INLET TEMFERATURE (deg F).veceews..
COLD LEG OUTLET TEMPERATURE (deg F)eceaeas.
(BTU/hr/$ft°2) v aveennnnens

(BTU/hr /+t72) e cnnnencnnn
STEAM GENERATOR OFPERATING TEMP.(deg F).....
STEAM GENERATOR OPERATING FRESS. (PSi)eceas.
TYFICAL SLUDGE FILE DEFTH (inches).cvesessn

4. STEAM GENERATOR MATERIALS
4.1
4.2
4.3
4.4
4.5
J. TUBE MATERIAL FROPERTIES
S.1
S.2
J.3 YIELD STRESS RANGE
S.4
6. TUBE EXFANSION FPARAMETERS
6.1
-
5.7
6.4
7. STEAM GENERATOR OPERATING PARAMETERS
7.1
7.2
7.3
7.4 HOT LEG HEAT FLUX
7.5 COLD LEG HEAT FLUX
7.6
7.7
7.8
7.9

WATER CHEMISTRY: ccueonarsnscececnnnancansans

D-22

COOk. 1

INDIANA MICHIGAN ELE
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1054

3250

8/15/75

4
RWOE
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ALLOY &00
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DOMINION ENGINEERING, INC.
EFRI/SGOG 11 CRACKING SURVEY
COook 1 '

8. REFORTED FPRIMARY SIDE FROBLEMS (Yes/No, Date or EFPD to 1st observation)
8.1 PRIMARY SIDE IGSCC

8.1.1 EXPANSION TRANSITION. . :suissaecuaannas
8.1.2 EXPANDED REGION...succvsnunanaaannns
8.1.7 U-BEND TRANSITION.:us2cesaensnssssses YES
8.1.4 U-BEND APEX-DENTING RELATED...vavess
8.1.3 U-BEND APEX-NOT DENTING RELATED..... YES
B.1.6 TSF INTERSECTION-DENTING RELATED....
8.1.7 PLUBGS.....uocanvusenncasasensaannnnse

8.2 OTHER PRIMARY PROBLEMS(e.g. sulfur attack).

9. REPORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1lst observation)
7.1 SECONDARY SIDE IGSCC
?.1.1 EXPANSION TRANSITION:.scenavssesanan

9.1.2 TUBESHEET CREVICE.: .suetsaansncavass
9.1.3 SLUDGE PILE REGION...cesvavecassnnns
9.1.4 TSP INTERSECTION::eusverenaunansaans
9.2 INTERGRANULAR ATTACK (IGA)
?.2.1 EXPANSION TRANSITION..ccsesesacssssa
9.2.2 TUBESHEET CREVICE.:ccuirnvanccnnanans
?.2.3 SLUDGE PILE REGION....ssscvsuearena. YES
9.2.4 TSP INTERSECTION...cseesaeassseasseass YES

DEMTING.useceenansnasstconsnsnsssansssusasas
CORROSION FATIGUE. s s vesannscaccascenancnann
EROSION-CORROSION. v evceenanenscsannasscnnns
PITTING.usuerennasncasssvennssessanasnaanans
WASTAGE. .t etsenacesascssnsssaasvraonscsnnane

WEAR. . e ereteranensnasacenanssssnssvsnnana

OTHER SECONDARY SIDE PROBLEMS...ccaveincnes

00900000
MO~ B

10. INSERVICE REMEDIAL MEASURES
10,1 TOTAL TUBES PLUGGED.. 2 2csncesanaccascnansnaans 39
10.2 TOTAL TUBES SLEEVED. c:icvceenscensancncsansas
10.2 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3
11.4

11.3

11.6

D-23




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
CooK 2

1. FPLANT DESCRIPTION

1.1 PLANT NAME AND UNIT NOu.cveacannencncnnasaan
1.2 UTILITYaevoessaneancsconnasarasaensnassanse
1.3 NSSS SUPPLIER.:caceeccsassunasancnsnasannas
1.4 ELECTRIC FOWER RATING
1.5 THERMAL POWER RATING (MWT)evscasonnsnsacsus
1.6 DATE OF COMMERCIAL OPERATION:..cvceascaansna

2. STEAM GENERATOR GENERAL INFORMATION

T

WHWWHWHD NN MR

T

MATERIAL PROPERTIES

[ [t
NONOCANPLAN~TN BidR~D hHMH% MPpAR-M NPT OB -

m

STRESS RELIEF AFTER

T

COLD LEG HEAT FLUX

TYPICAL SLUDGE PILE

S
4
4
4
4
4
T
5
S
S
S
T
)
6
-]
b
S
7
7
7
7
7
7
7
7
7

NUMBER OF STEAM GENERATORS..cccveeuncsncans
STEAM GENERATOR TYPE..essnavvassnanssannnas
STEAM GENERATOR MODEL NO..cevesusaccsnnnnas
STEAM GENERATOR FABRICATOR/LOCATION........
DATE OF STEAM GENERATOR COMPLETION..:sevanas

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (incheS)ecceccancesasnes
TUBE OUTSIDE DIAMETER (incheéS).scesscssenns
TUBE WALL THICKNESS (incheS)..ecesasascasas
NUMBER OF TUBES FER STEAM GENERATOR..cssaas
TUEBE PITCH (in€heS).vrscvcanssesnacasscnnanss
TUBRESHEET RADIAL CREVICE (inchesS).:iseancess
DEPTH OF TUBESHEET CREVICE (incheS).cessses

AM GENERATOR MATERIALS

TUBESHEET MATERIAL.ccseuneessssansccansnusos
TUBE SUPPORT PLATE MATERIAL...sssacccaanene
TUBE MATERIAL. e cveavasoncossnnanasconannnans
TUBE SUPPLIER: «tsssucecssvcacnssansscsancen
DATE OF TUBE MANUFACTURE. . cosavsnssscsvanss

ASTM GRAIN SIZE RANGE.cccvsssssanancnenanas
CARBON CONTENT RANGE (percent)...cccaisscees
YIELD STRESS RANGE (kSi)e..cevveanencsnaanna
MILL ANNEAL TIME/TEMP (min/deg Flauiavesaaes

EXPANSION PARAMETERS

TYPE OF EXPANSION PROCESS.c:c:ivecerscnnaassee
RADII OF ROW 1 AND 2 U-BENDS (inches)......
PROCESS USED TO FORM BENDS..¢ccsceanvacanas

TUBING (hours/deq F)...

AM GENERATOR OFPERATING PARAMETERS

PRIMARY COOLANT PRESSURE (psi)..iceeccacaan
HOT LEG INLET TEMPERATURE (deg Flaeecsccsnaae
COLD LEG OUTLET TEMPERATURE (deg Fl.cseee..
HOT LEG HEAT FLUX (BTU/hr/+ft"2)cccesecnccns

(BTU/hr/ft°2) s eneaennaas

STEAM GENERATOR OFERATING TEMP. (deg Fl.....
STEAM GENERATOR OPERATING PRESS. (PpSil)eccsas

DEPTH (inches)..sceaeas

WATER CHEMISTRY. .. cuecsaanneannscasannncanas

D-24

(MWE) e e connannoncanns

CO0oK 2
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WESTINGHOUSE

1100
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DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
COOK 2

8. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to 1st observation)
8.1 PRIMARY SIDE IGSCC
9.1.1 EXFANSION TRANSITION...:eeaseeasss=-es YES
8.1.2 EXPANDED REGION..cssceasnacunssnsnne
8.1.F U-BEND TRANSITION.:sssevanusnansseass YES
8.1.4 U-BEND AFEX—DENTING RELATED.....«...
8.1.5 U-BEND APEX-NOT DENTING RELATED.....
8.1.6 TSP INTERSECTION-DENTING RELATED....
8.1.7 PLUGS::sscascersscasssrennssnsnannesnas
8.7 OTHER PRIMARY FROBLEMS(e.g. sulfur attack).
9. REFORTED SECONDARY SIDE PROBLEMS (Yes/No,Date or EFFD to 1st observation)
9.1 GSECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION.«esvavensasoasn
9.1.2 TUBESHEET CREVICE..w:assucanssaccnas
9.1.% SLUDGE PILE REGION...cceacessncananse
9.1.4 TSP INTERSECTION...:2csvessecscanvens
9.2 INTERGRANULAR ATTACK (IGAR)
9.2.1 EXPANSION TRANSITION.:csssesnanscnsn
9.2.2 TUBESHEET CREVICE..¢:censansacnnonns
9.2.3 SLUDGE PILE REGION.::cceneenanaannnn
9.2.4 TSP INTERSECTION...varessveccaenaanns
DENTING. . e svesscassasssasnsassnenasnanannas
CORROSION FATIGUE. . vcccaaenvesassnncnncnnas
EROSION-CORROSION. . - caveesnansnsssnscacsoanns
PITTING. v ecenesncsanausasnssananasnassunnnns
WASTAGE . e v cvseennsansanssssasnssssesnnsssnsa

WEAR . « s esassanssssecsasssasanannnanesasnnsss

OTHER SECONDARY SIDE PROBLEMS...cccaavassss

Y9V 0009
NONOCOHE

10. INSERVICE REMEDIAL MEASURES
10.1. TOTAL TUBES FPLUGBED. e vsassaasnnasnsssaan=s 79
10,2 TOTAL TUBES SLEEVED:. s scuassasssanvseansnsnnas
10.3 OTHER (tube expn.,stress relief,peeningl...

11. NOTES

11.1

11.2

11.3

11.4

11.5

11.6

D-25




DOMINION ENGINEERING, INC.
EPRI/SGOG 11 CRACKING SURVEY
DAMFPIERRE 1

1. FLANT DESCRIFTION

1.1 FLANT NAME AND UNIT NO...vvescesssecanannns

L I
. NSSS SUFPLIER. :cececeesnnssanensanannansnsns
ELECTRIC POWER RATING (MWE) u..vcevevonnnanee

THERMAL FOWER RATING

[ N =Y
o R RS T |

2. BSTEAM GENERATOR GENERAL INFORMATION
2.1 NUMBER OF STEAM GENERATORS. cseseasncscaanns
2.2 STEAM GENERATOR TYPE.w.eceeatacaasanannnans
2.3 GSTEAM GENERATOR MODEL NO..evecsnennnassnans
2.4 STEAM GENERATOR FAERICATOR/LOCATION....us.«
2.5 DATE OF STEAM GENERATOR COMPLETION...eussoaa
3. GSTEAM GENERATOR DIMENSIONS
3.1 TUBESHEET THICKNESS (inCheS).ceessasasseccas
3.2 TUBE OUTSIDE DIAMETER (incheS).ccscresasans
F3«3 TUBE WALL THICKNESS (inNCheS)cesesessansssas
3.4 NUMBER OF TUBES PER STEAM GENERATOR....csa.
3.3 TUBE PITCH (inches)...vcciivnreannsnannanan
3.6 TUBESHEET RADIAL CREVICE (incheS)..eeesaasas
3.7 DEPTH OF TUBESHEET CREVICE (inches)........
4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL.escsncenssnsssanscnnanns
4.2 TUEBE SUPPORT FPLATE MATERIAL.cveerannsensnns
4.3 TUBE MATERIAL..cteesensocucasssananannnnnas
4.4 TUEBE SUPPLIER. ... cecevruscancannannaannnnsns
4.5 DATE OF TUBE MANUFACTURE. . «cssnnsasanasnanns
S. TUEBE MATERIAL PROFPERTIES :
3.1 ASTM GRAIN SIZE RANGE. ... vacsessssnasnscnns
5.2 CARBON CONTENT RANGE (percent)...ecscecscas
3.3 VYIELD STRESS RANGE (kSi)euesaeavasunuannanna
5.4 MILL ANNEAL TIME/TEMP (min/deg F).ue:esoesss

6. TUBE EXPANSION PARAMETERS

MWT) e eeevevenvnannnna

DATE OF COMMERCIAL OPERATIOM. cesesanoscnnss

6.1 TYPE OF EXPANSION PROCESS..scavasnncanoanne
6.2 RADII OF ROW 1 AND 2 U-~BENDS (incheS).eusa..
6.7 FROCESS USED TO FORM BENDS...iveeennansnans
6.4 STRESS RELIEF AFTER TUEBING (hours/deg F)...

7. STEAM GENERATOR OFERATING FARAMETERS
7.1 FRIMARY COOLANT PRESSURE (PSi).vcvaccncnnas

7.2 HOT LEG INLET TEMFERATURE (deg Fleeeeicasean
7.3 COLD LEG OUTLET TEMPERATURE (deg Flueeaasan
7.4 HOT LEG HEAT FLUX (BTU/Rr/ft™2) cscevonsncas
7.3 COLD LEG HEAT FLUX (BTU/Br/ft"2) ceeeceranss
7.6 STEAM GENERATOR OFERATING TEMP. (deg F).....
7.7 STEAM BGENERATOR OPERATING PRESS. (PSi)e.....
7.8 TYPICAL SLUDGE PILE DEFTH (incheS)...cseessa
7.9

WATER CHEMISTRY. .. et aneecnornccecnnenanas
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'DOMINION ENGINEERING, INC.
EFPRI/SG0G II CRACKING SURVEY
DAMFIERRE 1 ’

8. FREFORTED FRIMARY SIDE PROELEMS (Yes/Na, Date or EFPD to 1st observation)
8.1 FPRIMARY SIDE IGSCC
: EXFANSION TRANSITION:«esassssancasss YES
EXPANDED REGION...csessaseseacansaece YES
U-BEND TRANSITION.cscsvsasosssssnenas
{J-BEND APEX-DENTING RELATED.«.cseanes
U-BEND AFEX-NOT DENTING RELATED....-
TSP INTERSECTION-DENTING RELATED....
FLUGS . ecseansnasvannasasnsssassasnnans
PRIMARY PROBLEMS(e.g. sulfur attack).

bR

OWmMMOoooOmMm

—
T o s e
.

ml a
DN

8.2

. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1st observation)
9.1 SECONDARY SIDE IGSCC
© 9.1.1 EXPANSION TRANSITION. . ce-caccanseneades

9.1.2 TUBESHEET CREVICE...c:vevsensccanuse

9.1.3% SLUDGE PILE REGIONet:ececancnaneacans

9.1.4 TSP INTERSECTION. ... sscancsncvvonnas
9.2 INTERGRANULAR ATTACK (IGA)

9.2.1 EXPANSION TRANSITION..ccccenaacccans

9.2.2 TUHBESHEET CREVICE..:ccssscesccsccnnns

9.2.3 SLUDGE PILE REGION..:c:cacacacacansas

9.2.4 TSP INTERSECTION.:ceecsaacncasanssnaves
DENTING.«ceasvsasanansssnssnasssnssnsscsnsas
CORROSION FATIGUE.ceesvaacecarasaaasncnanas
EROSION-CORROSION. cvsvsssrcnnsncnncsnsanens
FITTING. vcoancesnssassanansansnansnncnnnsene
WASTAGE . « cassssavssesncssanasssssonannssnnas

WEAR. . wsesvessvsssnsssosnsnssnsssavansasnsune

OTHER SECONDARY SIDE PROBLEMS..cccsacavsene

goV0000
VOENOCOP

10. INSERVICE REMEDIAL MEASURES
10,1 TOTAL TUBRES PLUGBED..:csassecncancasscanans Q9
10.2 TOTAL TUBES SLEEVED.:wcceescscarannossnanncns
10.3% OTHER (tube expn.,stress relief,peening)...

11. MNOTES
11.1

11.2

11.3

11.5

11.6

D-27




DOMINION ENGINEERING,
EPRI/SGOG II CRACKING
DAMFIERRE 2

INC.
SURVEY

FPLANT DESCRIPTION

1.1
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PLANT NAME AND UNIT NOuu:ceveesercanennanss

UTILITY. eennenarss
NSSS SUPFLIER.....

ELECTRIC POWER RATING

(MWE) e eeusnancnnccsans

THERMAL POWER RATING (MWT) vuveeeeenonenonns
DATE OF COMMERCIAL OPERATION: .. .ceeccssnans

AM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS. civectecacaannss
STEAM GENERATOR TYPE..vevesrassnscscanannns
STEAM GENERATOR MODEL NOu:.:esveconseccnssana
STEAM GENERATOR FAERICATOR/LOCATION. .....:.
DATE OF STEAM GENERATOR COMPLETION....ev...

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inch@S).cesssscenaceas
TUBE OUTSIDE DIAMETER (incheS)su.vecssnnsas
TUBE WALL THICKNESS (incheS)..ceveecnscennes
NUMBER OF TUBES PER STEAM GENERATOR...vs«..
TUBE PITCH (iNCheS)u.ecceacarenavanccnnnnna
TUBESHEET RADIAL CREVICE (incheS).esveeanses
DEPTH OF TUBESHEET CREVICE (incheS).....«..

AM GENERATOR MATERIALS

TUBESHEET MATERIAL .t v eurcsrrsnnsnennsnnnncas
TUBE SUPPORT PLATE MATERIAL.vevevseserannas

TUBE MATERIAL.....

TUBE SUPPLIER. ... cetcnsncnnnnnnernnsenanns
DATE OF TUBE MANUFACTURE. cucasveessnsnnnasans

MATERIAL PROFERTIES

ASTM GRAIN SIZE RANGE.:. ccssnsasaannscncncnnns
CARBON CONTENT RANGE (percent)..cecvesceeas
YIELD STRESS RANGE (kSi)ecusesoceseanesenna
MILL ANNEAL TIME/TEMP (min/deg Fl.ceeeeenas

EXPANSION PARAMETERS

TYPE OF EXPANSION PROCESS. .esessesaccnnanen
RADII OF ROW 1 AND 2 U-BENDS (incheS)...e...
PROCESS USED TO FORM BENDS. . c.ceuercaenenne
STRESS RELIEF AFTER TUBING (hours/deg F)...

AM GENERATOR OPERATING PARAMETERS

PRIMARY COOLANT PRESSURE (PSi)uicseacvcecnes
HOT LEG INLET TEMPERATURE (deg F)eveeaeoees

COLD LEG OUTLET TEMPERATURE

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

(deg Fluieeeanon
(BTU/Rhr/$t"2) cscecncacanens
(BTU/hr/+ft"2) caneavnsnns

STEAM GENERATOR OPERATING TEMP. (deg F).....
STEAM GENERATOR OPERATING FRESS. (PSi)eceeas
TYFICAL SLUDGE FPILE DEPTH (inch@S)eeseesese
WATER CHEMISTRY . v eveearonascsnnrnnssansnns
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DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
DAMPIERRE 2

8. REFORTED FPRIMARY SIDE PROELEMS (Yes/No, Date or EFPD to 1st observation)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXPANSION TRANSITION. .. eevesasnaanes
2 EXPANDED REGION..cvcesuesanasancnnss
T U~BEND TRANSITION::cescscaasssscaans
4 U-BEND AFEX-~DENTING RELATED..veesans
S U-BEND AFEX-NOT DENTING RELATED.....
6 TSP INTERSECTION-DENTING RELATED....
8.1.7 PLUGS.::ereecavsvscsasoncannsncnsnonas
8.2 O0OTHER PRIMARY FROBLEMS(e.g. sulfur attack).

9. REPORTED SECONDARY SIDE PROBLEMS(Yes/No,Date aor EFPD toc 1st agbservatian)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION..sssscvesacnsss
9.1.2 TUBESHEET CREVICE:..cececsacosssnanna
9.1.3 SLUDGE PILE REGION...ccosaanancnanns
F.1.4 TSP INTERSECTION.:escceasaansacscasns
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION.::cececaaanosanse
?.2.2 TUBESHEET CREVICE...vccnassanscaanas
?.2.3 SLUDGE PILE REGION..:ceeuceeenncnanns
?.2.4 TSP INTERSECTION.:.:scvecasassananns
S DENTING.seeeroesanvoancscansononannsanssnns
4 CORROSION FATIGUE. .:cesuvsercaasanacsananns
S EROSION-CORROSION...cscaconsnecacsnsnsaaneanse
«b PITTING:.::vewveconncnasnansnasnnanancananns
7 WASTAGE. ccscavcssanssansansannsscassnansnsas
8

WEAR. cctcututeusenssessanasansansacscsesnnns

00000

?.9 OTHER SECONDARY SIDE PROBLEMS....ccveecunne

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUBGED:«ssssasnccaonsansnsnsnss
10.2 TOTAL TUBES SLEEVED..esuevesevevscoancennans
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3
11.4

11.5

11.6

D-29




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
DAMFIERRE 3 '

1. PLANT DESCRIFTION
1.1 PLANT NAME AND UNIT NO..sesensaasoseanannns
1.2 UTILITY. . wuencrnnsass chemenanaas crunusenann
1.5 NSSS SUPPLIER. .ttt nceanvnnsnsarancaannanns
1.4 ELECTRIC FOWER RATING (MWE)..:ueaesrsannnns
1.5 THERMAL FOWER RATING (MWT) ecesecnsassannana
1.6 DATE OF COMMERCIAL OFERATION..cecveesssasonsn

]

STEAM GENERATOR GENERAL INFORMATION

2.1 NUMBER OF STEAM GENERATORS. s et cccensancsens
2 STEAM GENERATOR TYFE . w.voasseacosnscenananas
STEAM GENERATOR MODEL NO. v vveucacacaanaanss
STEAM GENERATOR FAERICATOR/LOCATION. .cweu..
DATE OF STEAM GENERATOR COMPLETION. «:veeneoe

)

PRI EI RIE

a bR

3. STEAM GENERATOR DIMENSIONS
Z.1 TUBESHEET THICKNESS (inches).....ccecoaaasnas
3.2 TUBE QUTSIDE DIAMETER (incCheS).ceseersaccnss
3.3 TUBE WALL THICKNESS (incheS)..cscnsnssnanns
3.4 NUMEER OF TUBES PER STEAM GENERATOR.oasea.s
3.3 TUBE PITCH (incheS)eveeeesncenansnnscnansns
3.6 TUBESHEET RADIAL CREVICE (incheS)...e.vecsea.
3.7 DEFTH OF TUBESHEET CREVICE (inchesS)...ea.:s

4, 8TEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL.wesecenverenscaanananman
4.2 TUEE SUPFORT PLATE MATERIAL..ceeceacanonnns
4.3 TUBE MATERIAL...civeecveeaonsansasncansnsnsna
4.4 TUBE SUPPLIER..:.svrsesasnsassnncannnsanans
4.2 DATE OF TUBE MANUFACTURE. «c.uvcvsecnsenannca

3. TUEBE MATERIAL PROPERTIES
S.1 ASTM GRAIN SIZE RANGE. «evveersremeanaaranans
J.2 CARBON CONTENT RANGE (percent)...ccecsacees
S.3 VYIELD STRESS RANGE (KSi)uuceaesasnnnansnans
S.4 MILL ANNEAL TIME/TEMP (min/deg Flieeecasoan

6. TUBRE EXFANSION PARAMETERS

6.1 TYPE OF EXPANSION FROCESS. .. cieuenvsannnnns
«+2 RADII OF ROW 1 AND 2 U-BENDS (inches)......
6.3 FROCESS USED TO FORM BENDS.....ueensarnancans

6.4 GSTRESS REL.IEF AFTER TURING (hours/deg F)...

7. STEAM GENERATOR OPERATING PARAMETERS

7.1 PRIMARY COOLANT PRESSURE (PSi)eceaseaasaccan
7.2 HOT LEG INLET TEMFERATURE (deg F).vevenaoua
7.% COLD LEG OUTLET TEMPERATURE (deg F)e.ce.u..
7.4 HOT LEG HEAT FLUX (BTU/hr/Ft"2) cuiiannenannaes
7.3 COLD LEG HEAT FLUX (BTU/hr/ft™2)ciieecnrecnns
7.6 STEAM GENERATOR OFERATING TEMF. (deg F).....
7.7 OSTEAM GENERATOR OPERATING PRESS,. (psid......
7.8 TYFICAL SLUDGE PILE DEFTH (inches)....cea..
7.9 WATER CHEMISTRY........ cseeveresanensecnann
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RWOE
SiM

.875
. 0S50
3388
. 281
- 0000
00.00

ALLOY &00
WEST/VALLOUREC

FULL ROLL/DAM
2.1875,3.4683

2248
617
S46

840

AVT ONLY




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
DAMPIERRE 3 )

10.

11.

REFORTED FRIMARY SIDE PROBELEMS (Yes/No, Date or EFPD to 1st observation)
8.1 FRIMARY SIDE IGSCC

EXFANSION TRANSITION.:ssrensasaansse YES

EXFANDED REGION...ccsssessasacensnss YES

U-EEND TRANSITION..scvaaascvnassaanse

U-BEND APEX-DENTING RELATED.scaceo=s

U-BEND AFPEX-NOT DENTING RELATED.....

TSP INTERSECTION-DENTING RELATED....

FLUGS . e asawasancsnnasassnsssscnssnnssnns

FRIMARY PROBLEMS(e.g. sulfur attack).

1}
-

DNOE G bR

ml a

8.2

REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to ist abservation)
9.1 SECONDARY SIDE IGSCC

9.1.1 EXPANSION TRANSITION....ceeesssceens

9.1.2 TUBESHEET CREVICE.c.cvesarcannernave

9.1.3 SLUDGE PILE REGION..cvccencaaannanns

?.1.4 TSP INTERSECTION:.ssececsanvensacons
9.2 INTERGRANULAR ATTACK (IGA)

.2.1 EXFPANSION TRANSITION....covassscanas
9.2.2 TUBESHEET CREVICE..ceccovacrsnasnnanas
9.2.3 SLUDGE PILE REGION:sescecacanscaanses
9.2.4 TSP INTERSECTION...cesevaccaascnacse
DENTING. v eeaaassnsvssascancsessssenannnsas
CORROSION FATIGUE. cveavvceenasrcascsansnnnas
EROSION-CORROSION. s csecersecevsancnnnssannee
PITTING. . ceosvsaansuasnnnssensrsnncannsocsas
WASTAGE . e csussnssnsesansssassasnssanancnannse

WEAR. e esenasssnssmsansnssnsnssnssnsssssnssse

OTHER SECOMDARY SIDE PROBLEMS....:.casescsens

9400909000
CReNo-UPb

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES PLUGGED.:ccscrvesscnssnsnescsnes
10.2 TOTAL TUBES SLEEVED.usccersssccsssnnsanncace
10.% OTHER (tube expn.,stress relief,peening)...

NOTES

11.1

11.2

11.3

11.4

11.5

11.6

D-31




DOMINION

ENGINEERING, INC.

EFRI/SG0G II CRACKING SURVEY
DAMFIERRE 4

L

FLA
1.1
1.2
1.3
1.4
1.5
1.6

T

o id ) o 11

[SNSEAN SN NN

i

oMk -

[ R R R

L4
~

4.1
4.2

4.7

7.1

NN NSNSNSNNN
VONOU bR

NT DESCRIFTION

PLANT NAME AND UNIT NOu:coeaassnssrcncanoas
L B
NSSS SUFFLIER. . ittt eneunrvancnnnansscnnnsns
ELECTRIC FOWER RATING (MWE)euvuuceaaencesonns
THERMAL POWER RATING (MWT) iuuvvanavanvenseas

DATE OF COMMERCIAL OPERATION. .¢sacse.

. STEAM GENERATOR DIMENSIONS
(inchesS) cueenaasss
(inchesS)eeeeaanas
TUBE WALL THICKNESS (incheS)..esveeees

TUBESHEET THICKNESS
TUEBE QUTSIDE DIAMETER

NUMBER OF TUBES FER STEAM

TUBE PITCH (incheS) e e cevenaseernaanss

TUBESHEET RADIAL CREVICE

DEFTH OF TUBESHEET CREVICE (inches)..

STEAM GENERATOR MATERIALS
TUBESHEET MATERIAL . vt cotseaaensannnns

AM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS. .csusceweca.
STEAM GENERATOR TYPE...v.iatecseanasns
STEAM GENERATOR MODEL NO.wesessanunns
STEAM GENERATOR FABRICATOR/LLOCATION...
.DATE OF STEAM GENERATOR COMPLETION....

GENERATOR. . e unve
(inches)..aa.as

TUBE SUFFORT PLATE MATERIAL.secaccaracsense
TUBE MATERIAL. cuccereeieranessssasennnnsnns
TUBE SUPPLIER. cuaveseaccnsransnaavnsnanenes
DATE OF TUBE MANUFACTURE. .. cvsesesavcannnas

MATERIAL FROFERTIES

ASTM GRAIN SIZE RAMGE. cversaranancncnacanas
CARBON CONTENT RANGE (percent)....ccecesscsse

YIELD STRESS RANGE

(KSi)eunwenveesanenananns

MILL ANNEAL TIME/TEMP (min/deg Fleeeseeasen

EXPANSION PARAMETERS

TYFE OF EXPANSION PROCESS. . evcsacssanenanas
RADII OF ROW 1 AND 2 U-BENDS (inches)......
FPROCESS USED TO FORM BENDS. . cucssscancnasas

STRESS RELIEF AFTER TURING

FRIMARY COOLANT PRESSURE
HOT LEG INLET TEMFERATURE

(hours/deg F)...

STEAM GENERATOR OFERATING FARAMETERS

(PS1)eieeuncnccansa
(deg Flosesnncees

COLD LEG OUTLET TEMPERATURE (deg Flueseases

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX
STEAM GENERATOR OFERATING
STEAM GENERATOR OPERATING
TYFICAL SLUDGE FILE DEFTH

(BTU/Br/ft™2) eennnoeancens
(BTU/hr/ft"2) et acensa

TEMP. (deg F).....
PRESS. (pS1) s e eeen
(inchesS)eceenanrs

WATER CHEMISTRY . ceaaueenaencnanaanaannnnnna

D-32

DAMPIERRE 4
EDF
FRAMATOME
8%0

11/ 5/81

RWOE
1M

. 875
« 030
3388
1.281
« 0000

00.00

ALLOY 600
WESTINGHOUSE

FULL ROLL/DAM
2.1875,3.4685
W BALL MANDREL

2248
613
S46

840

AVT ONLY




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
DAMPIERRE 4

8. REPORTED PRIMARY SIDE PROBLEMS (Yes/No, Date ar EFPD to 1st observation)
8.1 PRIMARY SIDE IGSCC i
8.1.1 EXPANSION TRANSITION. ..eosesnneannas
EXPANDED REGION. .c.ceassnscsvesnesna
U~BEND TRANSITION:esvsecsvesnosnsans
U-EEND APEX-DENTING RELATED...cccnus
U-EBEND APEX-NOT DENTING RELATED:u.a..
TSP INTERSECTION-DENTING RELATED....
Bal.7 PLUBS..«.vcsacsnsnsscnssesanansnannns
8.2 OTHER PRIMARY PROBLEMS(e.g. sulfur attack).

o b idR

%. REPORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1ist observation)
?.1 SECONDARY SIDE IGSCC
F.1.1 EXPANSION TRANSITION. ccovecensannose
?.1.2 TUBESHEET CREVICE. ... cetansnasaaasnas
9.1.3 SLUDGE PILE REGION...cececcacannanna
9.1.4 TSP INTERSECTION.cscecervannsraasnas
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION. .. eseaavsansans
«2.2 TUBESHEET CREVICE.wccsenscsnssenscna
9.2.3 SLUDGE PILE REGIONe.:ecsanenasssanns
9.2.4 TSP INTERSECTION..:.ceacsacrescancsns
DENTING. cevssssancacnnsnernssnsnsncsssssnsnas
CORROSION FATIGUE. cceaceesacanansananncanne
EROSION-CORROSION: . e ecssescsscancanssnsnnns
PITTING. .cuecesuasensassasnannnaasannananssns
WASTABE. cvcvevrasaacsnscsaancsanssanncannas

WEAR: s e v tvtoascnsnersncsenssannanssancnansa

OTHER SECONDARY SIDE PROBLEMS....eacecnenss

N U R R R TR
NONO>U b

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGBGED...ccseeesenasanannannns
10.2 TOTAL TUBES SLEEVED....ccsnseccansnnscnsnns
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3
i1.4

11.5

11.6

D-33




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
DOEL 1

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NO.u.veweoasannnneasenn
1o UTILITY. it neiiinencnenaansncnsonannnnnasans
1.3 NSSS SUPPLIER. cavveerecancneroannansrnennans
1.4 ELECTRIC FOWER RATING (MWE) ceuvsencacnsanes
1.5 THERMAL POWER RATING (MWT) iusreeneoreannnaan
1.6 DATE OF COMMERCIAL OFERATION::.vcscecsnnaan
Z. STEAM GENERATOR GENERAL INFORMATION
2.1 NUMBER OF STEAM GENERATORS. e cssanccansecnss
2.2 STEAM GENERATOR TYPE..:usresarsannannennnea
2.3 STEAM GENERATOR MODEL NO..oveecenannsanannsn
2.4 STEAM GENERATOR FABRRICATOR/LOCATION..:2s...
2.3 DATE OF STEAM GENERATOR COMPLETION...:«eu.«
3. STEAM GENERATOR DIMENSIONS
3«1 TUBESHEET THICKNESS (incheS)eesscsceacacsas
3.2 TUBE COUTSIDE DIAMETER (incheS)eseeeesevoeass
3.3 TUBE WALL THICKNESS (inchesS).e.seaseensenes
3.4 NUMBER OF TUBES PER STEAM GENERATOR........
3.3 TUBE PITCH (inChe@S).ciieenuvsnsnrancannnnas
3.6 TUBESHEET RADIAL CREVICE (inCheS)eeseecesss
3.7 DEFTH OF TUBESHEET CREVICE (inches)........
4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL. v cecnusnasscrennonasnans
4.2 TUBE SUPPORT PLATE MATERIAL. v vscecacenennes
4.3 TUBE MATERIAL. . v euveeecccnsnsonannonanensnn
4.4 TUBE SUPPLIER. .. cccsesssanssnannscavennnass
4.5 DATE OF TUBE MANUFACTURE. :cccsscancnsannnas
3. TUBE MATERIAL FROPERTIES
S.1 ASTM GRAIN SIZE RANGE. s e:cevreanencaanannns
S.2 CARBON CONTENT RANGE (percent)...c.cecenceas
S.3 YIELD STRESS RANGE (KSi)ueuvwesennanceannanns
5.4 MILL ANNEAL TIME/TEMP (min/deg F)eiesieenaan
6.  TUEE EXPANSION PARAMETERS
6.1 TYPE OF EXFANSION PROCESS. s ceonucescnncnsnsn
6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)......
6.3 PROCESS USED TO FORM BENDS...:escevsnvennns
6.4 STRESS RELIEF AFTER TUBING (hours/deg F)...
7. STEAM GENERATOR OPERATING PARAMETERS
7.1 PRIMARY COOLANT PRESSURE (PSi)eueesecssnnras
7.2 HOT LEG INLET TEMPERATURE (deg Fleecessasns
7.3 COLD LEG OUTLET TEMPERATURE (deg F).veeeo.n
7.4 HOT LEG HEAT FLUX (BTU/Rr/ft"2)eceinceneess
7.3 COLD LEG HEAT FLUX (BTU/hr/ft"2)cceecrccans
7.6 STEAM GENERATOR OFERATING TEMP. (deg F).....
7.7 STEAM GENERATOR OPERATING FRESS. (PSi)eesaa.
7.8 TYFICAL SLUDGE PILE DEPTH (incheS)..csese..
7.9 WATER CHEMISTRY ..t eeevatnenancacnacncnacncns
D-34

DOEL 1
INDIVISION DOEL
ACECOWEN

390

1192

2/15/73

2
RWOE

44
COCKERILL
/7

22.0
.875
. 050
I260
1.200
« 0060
19.00

FORG.STL.
cs
ALLOY 600
MANNESMAN
/7

5-8
015,05
35.8-46.6

PART DEPTH ROLL
2.188,3.47

NO MANDREL

NONE

2240
598
544

o026
837

H&, C1
EARLY FHOS, AVT .




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
DOEL 1 :

11.

REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to lst observation)
FRIMAGRY SIDE IGSCC

8.1

8.2

8.1.1

OO Wmoa
O e

__..i [
BN ¢ S RN SRR I N ]

m-

EXFANSION TRANSITION...eeearssaannna
EXPANDED REGION..ccovanassnnaccsn ‘e
U-BEND TRANSITION....cveevaeen eaman
U-EEND AFEX-DENTIMG RELATED..«sasens
U-BEEND AFEX-NOT, DENTING RELATED.....
TSP INTERSECTIOM-DENTING RELATED....
FLUGS: s s vassncusnannsannans ceasmanan
FRIMARY FROBLEMS (e.g. sulfur attack).

REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to 1lst observation)
SECONDARY SIDE IGSCC

?.1

gouoo0w-0-o
N ONO A

?.1.1
%.1.2
?.1.3
?.1.4

EXFANSION TRANSITION. ..cceeveveaanas
TUBESHEET CREVICE.cavasannsasceaasne
SLUDGE FILE REGION. . vscarsmaarsananas
TSP INTERSECTION. .+ :ersveenrencaaans

INTERGRANULAR ATTACK (IGA)

?.2.1

?.2.2

2=
sl el

?.2.4

EXFANSION TRANSITION..ceeereoovaanns
TUBESHEET CREVICE - cavevrrsencvnanns
SLUDGE PILE REGIOM. .. cvecenaennansss
TSF INTERSECTIOM. s cecenassnsnannanas

DENTING. .« -sesvsssensesnasansnasnansansnnsns
CORROSION FATIGUE. c e sneesasssusnananssncnns
EROSICON-CORROSION. ccassosesnaancaavasnansnns
FITTING. sueanens e senmssseessammnecaaenaoan
WASTAGE . « s s svncesannnnsennnnsanssavancnnssns

WEAR. .

OTHER

SECONDARY SIDE PROBLEMS. cccvanennaans

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES FLUGGED. .«ssssssesnsoncanunnrss
10.2 TOTAL TUBES SLEEVED. . csecseasssescvsanananans
10,5 OTHER (tube expn.,stress relief,peening)...

NOTES
11.1

i1,

b3

11.4

11.

w

11.48

D-35

YES (MILD)

FOREIGN OBJECT
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INC.

DOMINION ENGINEERING,
EPRI/SGOG II CRACKING SURVEY
DOEL 2

1. PLANT DESCRIPTION

1.1 PLANT NAME AND UNIT NO..cevessecenssanensans

oA idR

NNMNMNEWM

I T G
NSSS SUFPLIER. s e eseevanennenananransns
ELECTRIC FOWER RATING (MWE) e usuoursenes
THERMAL POWER RATING (MWT) v evevnnsensan
DATE OF COMMERCIAL OFERATION. «veevevons

TEAM GENERATOR GENERAL INFORMATION

1 NUMBER OF STEAM GENERATORS.:cessanasans
2 GOTEAM GENERATOR TYPE.wueesesassnansonss
3 GSTEAM GENERATOR MODEL NOuevecesecaanars
J

4 STEAM GENERATOR FABRICATOR/LOCATION....
.3 DATE OF STEAM GENERATOR COMPLETION.....
3. STEAM GENERATOR DIMENSIONS

3.1 TUBESHEET THICKNESS (incheS).:essceasasss
3.2 TUBE OUTSIDE DIAMETER (incheS)....causs.
3.3 TUBE WALL THICKNESS (inches).ccesaasans
3.4 NUMBER OF TUBES PER STEAM GENERATOR....
I TUBE PITCH (inchesS).vicasceasanennanses
3.6 TUEESHEET RADIAL CREVICE (inches)......
3.7 DEFTH OF TUEESHEET CREVICE (inches)....

4. STEAM GENERATOR MATERIALS

4.1 TURESHEET MATERIAL.ccsveavascnsssananss

TURE SUFPLIER........

Eo N N S )

a b idk

=

R =
m

MATERIAL PROPERTIES

C

S - m
m

EXFPANSION FARAMETERS

[ v e | e

T

ONOCAEEE~-M

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

TYFICAL SLUDGE FILE DEFTH

NNNNNNNSNNOGO

2 TUBE SUPPORT FLATE MATERIAL:. ccevaesnsns
TUBE MATERIAL..ccecrscsenancunsannnannns

DATE OF TUBE MANUFACTURE...ssaevsausnss

ASTM GRAIN SIZE RANGE. . cvcvcresnvussaas
CAREBON CONTENT RANGE (percent)ececcesss
YIELD STRESS RANGE (KSi)usuiwsesesusnnsese
MILL ANNEAL TIME/TEMP (min/deg Flou.s..

AM GENERATOR OPERATING PARAMETERS
PRIMARY COOLANT PRESSURE (PSi)ccaansenss
HOT LEG INLET TEMFERATURE (deg Flaeeuse.«.
COLD LEG QUTLET TEMPERATURE (deg F)....

D-36

TYPE OF EXPANSION PROCESS..:aeescnsanens
RADII OF ROW 1 AND 2 U-BENDS (inches)..
FROCESS USED TO FORM BENDS. . .eseescnnnns
STRESS RELIEF AFTER TUBING (hours/deg F)

(BTU/Rr /ft"2) eeananenn
(BTU/Rr/Ft™2) e eanoe-
STEAM GENERATOR OFERATING TEMF. (deg F)..
STEAM GENERATOR OFERATING FRESS. (psi)..

(inches) cvecnnaan
WATER CHEMISTRY . v acceccesnansecannsnanaannasn

DOEL 2
INDIVISION DOEL
ACECOWEN

Q390

1192

11715775

RWOE
44
COCKERILL

22.0

875 |
. 050

J260
1.200
L QQ&0
192.00

SA-I36
Cs-

ALLOY 600
MANNESMAN

SCC-9-10Q, OK—-6-7

SCC1730,0K~-1750-1800

FART DEPTH ROLL
2.188,3.47

NO MANDREL

NONE

2240
598
544

26
839
HL=3
AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
DOEL 2

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No. Date aor EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFPANSION TRANSITION....... et eeeamaa YES
8.1.2 EXFANDED REGIOMN.......... resesssssea YES
8.1.7 U-BEND TRANSITION. . uicswaornvssaenuns
8.1.4 U-BEND AFEX-DENTING RELATED.........
39.1.5 U-BEND AFEX—NOT DENTING RELATED..... YES
8.1.6 TSP INTERSECTION-DENTING RELATED....
8.1.7 PLUBS: ciavenearacecnnssasusnansaannns

8.2 OTHER FRIMARY FPROBLEMS(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to 1st observation)
?.1 SECOMDARY SIDE IGSCC
P.1.1 EXFANSION TRANSITION. ceusaaeasrannss
?.1.2 TUBESHEET CREVICE....stscussvarsanana YES
?.1.F SLUDGE PILE REGION...seuceeascaannan
2.1.4 TSP INTERSECTION. teeetneaesceosaaannns
2.2 INTERGRANULAR ATTACK (IGA)
?.2.1 EXFANSION TRANSITION. .. .ot ann
«2.2 TUBESHEET CREVICE.cicsvnusonarsonens
9.2.7 SLUDGE FPILE REGION.. . uevevvennnsanns
?.2. TSF INTERSECTION. . vviciuvunneananans
DENTING:scenceesannanasnvnrnsnnsnensnnsesaess YES,MILD-TS-TSF
CORROSION FATIGUE. c e v evnnvenennnsnnannnnsess
EROSION-CORROSION. s v s s v eesatvnncnsnnavsnsns
g A I 0 1
WASTAGE . - e nncnannnencsannasnnssnnnns

WEAR.: et et easaensnnsnssvaonsnnasenanseennsens

OTHER SECONDARY SIDE PROBLEMS:. ..usuaccaanans

099 GOU0Q
QBN Ui

10. INSERVICE REMEDIAL MEASURES
10,1 TOTAL TUBES FLUGGED: s csnenessessnnssnsssnens 147
10.2 TOTAL TUBES SLEEVED....vceueenrunss=ssnaasa 185/1983
10.3 OTHER (tube expn.,stress relief,peening)... SR MINI SILEEVES

11. NOTES
11.1

ii.

]

11.

Ld

11.4

11.

wa

11.6

D-37




DOMINION ENGINEERING, INC.
EFRI/SG0OG II CRACKING SURVEY
DOEL =

1« FLANT DESCRIFTION

1.1 PLANT NAME AND UNIT NOu.seencoovancnnns «+«s« DOEL 3
UTILITY et ernnauanusonnnsnnsnsannnnssssese EBES
NESS SUFFLIER. cuve e viansnenanvaansaseasaea FRAMACECO
ELECTRIC FOWER RATING (MWE)aw.ciensananaas. 897
THERMAL FOWER RATING (MWT) aievsvvenananansas
DATE OF COMMERCIAL OFERATION. sveeeesaanass 10/15/82

[ e
[N SR 5

T

m

EAM GENERATOR GENERAL INFORMATION

NUMEBER OF STEAM GENERATORS. .. ciaesvsvasanns 3

STEAM BENERATOR TYPE..«dssencrsacnnanssasess RWIE
STEAM GENERATOR MODEL NO.wsscsesssasnssassa OlM

STEAM GENERATOR FABRICATOR/LOCATION........ COCKERILL
DATE OF STEAM GENERATOR COMPLETION..wevaews //

R R R D

[ R 8

TEAM GENERATOR DIMENSIONS

Z.1 TUBESHEET THICKNESS (inchesS)...cssecsarsess 21.1
2 TUEBE OUTSIDE DIAMETER (inche@S).issassaeer=ea 875
TUBE WALL THICKNESS (inches).cieasnnssanees 050

G A L L U

4 NUMBER OF TUEES FPER STEAM GENERATOR........ 3361
.5 TUBE FITCH (inNCheS) i custessssssasssssassnsas 1.281
.6 TUBESHEET RADIAL CREVICE (inches)......ee.. 0000
.7 DEFTH OF TUBESHEET CREVICE (inches)........ 00.00
| 4, STEAM GENERATOR MATERIALS
| 4.1 TUBESHEET MATERIAL .2 uucsnnacerancnssnsansns SA 508
| 4,2 TURE SUFFORT FLATE MATERIAL..vtvctevesan-u.. ECS
: 4,5 TUBE MATERIAL. - -euiesncesanssnccancncessseas ALLOY 600
| 4.4 TUBE SUFFLIER. -2 :2aconaa=as- ceeasaeseasanese. WESTINGHOUSE
; 4.5 DATE OF TUBE MANUFACTURE e+ ercvenrecenncnne /7
| S%. TUBE MATERIAL FROFERTIES
S.1 ASTM GRAIN SIZE RANGE. . civernenernannnns e 7-11
‘ 5.2 CARBON CONTENT RANGE (percent).cececreceenas 051-.056
; 5.% YIELD STRESS RANGE (kSi)evuseneane ceeraneae 44-55
; 5.4 MILL ANMEAL TIME/TEMF (min/deg Flaseeesaass Furn.-18735 ‘
3 &. TUBE EXPANSION FARAMETERS
| 6.1 TYPE OF EXFANSION PROCESS. e es-vwrev-aseaeesss FULL ROLL/DAM
‘ 6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.1875,7.4685
| 6.7 FROCESS USED TO FORM BENDS....ccase.. ves... W BALL MANDREL
| 6.4 STRESS RELIEF AFTER TURING (hours/deg F)... NOME
‘ 7. GSTEAM GENERATOR OPERATING PARAMETERS
1 7.1 FRIMARY. COOLANT FRESSURE (PSi)eceserossanas
| 7.2 HOT LEG INLET TEMPERATURE (deg Fleeecasasea. 617
| 7.% COLD LEG DUTLET TEMFERATURE (deg Flevaseo..
| 7.4 HOT LEG HEAT FLUX (BTU/Rr/ft™2) veeeusancnas
j 7.5 COLD LEG HEAT FLUX (BTU/hr/ft™2).acececanes
‘ 7.5 STEAM GENERATOR OFERATING TEMF. (deg F)e....
7.7 BSTEAM GENERATOR OFERATING FRESS. (PSi)sasess
‘ 7.8 TYFICAL SLUDGE FPILE DEFTH (inches)..u:uv-u--
7.9 WATER CHEMISTRY::teeeereanascanacessnsnseas AVT ONLY

D-38




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
DCEL =

3. REFORTED FRIMARY SIDE FROEBLEMS (Yes/Nao, Date aor EFFD to 1lst observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITIOM...ceeasvereaasn YES
EXFANDED REGIOM. s v enecncn. sasessense YES
U-BEND TRANSITION. c v v escaanansnnnnns
U—BENMD AFEX-DENTING RELATED.u.cosrvas
U—-BEND AFEX—-NOT DENTING RELATED.....
TSF INTERSECTION-DENTING RELATED....
B 0
FRIMARY FROBLEMS(e.g. sulfur attack)

ANC U b )

8.2

7. REFORTED SECONDARY SIDE FPROBLEMS(Yes/No,Date or EFFD to lst observation)
?.1 GSECONDARY SIDE IGSCC
9.1.1 EXFANSION TRANSITION. . e:ecuencnnansen
?.1.2 TUBESHEET CREVICE. suvesisevransvecan
F.1.7 GSLUDGE PILE REGION. cevueancanaeanaans
F.1.4 TSF INTERSECTION.:suasriancancaseanna
?.2 INTERGRANULAR ATTACE (IGA)
?.2.1 EXPANSION TRANSITION. .. iauaeecnnneann
9.2.2 TUBESHEET CREVICE. ... iceaeconuannonns
?.2.7 SLUDGE FILE REGIDON..svvasveaaanaanss
F.2.4 TSP INTERSECTION. ucsveenncnsnavnnsna

.5 DENTING...ovveeenannssnaonsevsonsnnssnasanns
F.4 CORROSION FATIGUE. .t .cenvnevsnnansnnecnnna .
7.5 ERCSION-CORROSIOM.«suesunnunenssncannannans
Feb PITTING:wusweassesamsusansonsannanssnns e
.7 WASTAGE..tcustsnannsssancnsnensssannasnas e
.8 WEAR:. o1 evienaensnneascenansnssscnnnnasrnanss
7.7 OTHER SECONDARY SIDE PROEBLEMS....cveeccceens

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED. : s s easunvescanasnancsns
10,2 TOTAL TUBES SLEEVED. . vavesnensceneananananne
10.3 OTHER (tube expn.,stress relief,peeningl)...

11. NOTES
11.1

11.

| 8]

L

11.

11.4

11.

a

11.6
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DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
FARLEY 1

FLANT DESCRIFTION

1.1
1.2
1.3
1.4
1.3

1.6

FLANT NAME AND UNIT NO.uveeessseranansss

UTILITY . i oo eneemuannnnannennnnnesnnneans
NSES SUFPLIER. e esaseneasncasenvannsana
ELECTRIC POWER RATING (MWE) ccrivveunanas
THERMAL FOWER RATING (MWT) cveeuecanuens

DATE OF COMMERCIAL OPERATION. ..cusauwsee

STEAM GENERATOR GENERAL INFORMATION

]
-

F3MR R

o k)

T

A GO )
NouUubsdKeeMm

4 A

T

sy~ m

bbb

m

FNEFEAR

o -
LI
~ m

m

6.2
6.3
6.4

NUMEBER OF STEAM GENERATORS.sseiesvesacas
STEAM GENERATOR TYPE...eeeanvsaccannans
STEAM GENERATOR MODEL NO.«.ceceevcannna
STEAM GENERATOR FABRICATOR/LOCATION....
DATE OF STEAM GENERATOR COMPLETION.....

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inches)..ivvuvases
TUBE OUTSIDE DIAMETER (incheés).eecesas.
TURBE WALL THICKNESS (inches)..ccasaunans

NUMBER OF TUBES PER STEAM GENERATOR....
TUEBE PITCH (inch8S) et sccnnasssnnsnnsnns
TUBESHEET RADIAL CREVICE (inches)......
DEFTH OF TUBESHEET CREVICE (inches)....

AM GENERATOR MATERIALS

TUBESHEET MATERIAL. . ccceivacesannaansen
TUBE SUPFORT PLATE MATERIAL«tvesaucaass
TUBE MATERIAL ... v vt eanneencnnasnnaans
TUBE SUFFLIER. . cctirsvansunasnsnsannnns
DATE OF TUBE MANUFACTURE. . cscevncncaass

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANGE. c.cveannennsvavns
CAREON CONTENT RANGE (percent).....c...
YIELD STRESS RANGE (ksi).iuesseaserenons
MILL ANNEAL TIME/TEMF (min/deg Flaeeoess

EXPANSION FARAMETERS

TYFE OF EXPANSION FPROCESS..ccvvnveannns
RADII OF ROW t AND 2 U-~-BENDS (inches)..
PROCESS USED TO FORM BENDS..cccsnsanans

STRESS RELIEF AFTER TUERING (hours/deg F)...

STEAM GENERATOR OFERATING FPARAMETERS

7.1
7.2
7.3

NSNN N NN
VoONOC0E

FRIMARY COOLANT FRESSURE (psSi).ivcacsaca
HOT LEG INLET TEMFERATURE (deg Fl..e...
COLD LEG OQUTLET TEMFERATURE (deg F)....
HOT LEG HEAT FLUX (BTU/hr/ft"2)caiaanes
COLD LEG HEAT FLUX (BTU/hr/ft"2).eaaess
STEAM GENERATOR OFERATING TEMF. (deg F).
STEAM GENERATOR OFERATING FRESS. (psi)..
TYFICAL SLUDGE PILE DEPTH (inches)....-
WATER CHEMISTRY . i s cnteeunsnncannnaanasss

D-40

FARLEY 1°
ALABAMA FOWER
WEST INGHOUSE
8&0

2282

12/15/77

-

-t

RWOE

S1

WEST INGHOUSE
/7

21.0
.875
. 050
3388
1.281
0000
00.00

5A 308

cs

ALLOY 600
WEST INGHOUSE
/7

ROLL/EXPLOSIVE
2.1875, . 4683
W BALL ™MANDREL
NONE

QAT
2235

603

543

= ~
922

811

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGE0G II1 CRACKING SURVEY

FARLEY 1
8. REFOR
8.1
8.2
g.

i1.

TED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to ist observation)

FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITION. s :uncscaaeasans

8.1.2 EXFPANDED REGION...vcacevaannas caenus
8.1.7 U—BEND TRANSITION. v« issuevenanonoes
8.1.4 U-EEND AFEX-DENTING RELATED...a...-
8.1.5 U—-BEND AFEX-NOT DENTING RELATED....
8.1.6 TSP INTERSECTION-DENTING RELATED...
8.1.7 PFLUBS.vessesssnersssassssancsacnnnas
OTHER FRIMARY FROBLEMS(e.g. sulfur attack).

YES

REFPORTED SECONDARY SIDE FPROBLEMS(Yes/No,Date or EFFD to lst observation)

?.1

O oNO WU

goVN00oY

INSER
10.1

SECONDARY SIDE IGSCC

9.1.1 EXPANSION TRANSITION: s :cveeernacannnn

9.1.2 TUBESHEET CREVICE..cesanrnaons
?.1.% SLUDGE PILE REGION...c.eueaenn
9.1.4 TSF INTERSECTION..seerecaoncas
INTERGRANULAR ATTACK (IBA)

9.2.1 EXPANSION TRANSITION...cecoewas
9.2.2 TUBESHEET CREVICE..ssccenconuns
9.2.3 SLUDGE PILE REGION....evenenan
9.2.4 TSP INTERSECTION.:seeceeersans
DENTING.:seasnecssssanvannsnnanesnnns
CORROSION FATIGUE. cevcncsensoccanssns
EROSION-CORROSION. ccseseanenassanasss
FITTING:. csesnscasansssnnassnanmunosans
WASTAGE. s cceumesanasnssanacnnnnsnasan
WEAR: s eaaussvaannasnansensrnansnansans

OTHER SECONDARY SIDE FROBLEMS........

VICE REMEDIAL MEASURES
TOTAL TUBES FLUGGED.sssssesesnnsvacas

10.2 TOTAL TUBES SLEEVED. ... csssssraarusosnnnans
10.3 OTHER (tube expn.,stress relief,peening)..

NOTES
11.1

11.2

11.3

11.4

11.5

t1.6

D-41
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DOMINION ENGINEERING,
EFRI/SGOG II CRACKING. SURVEY
FARLEY Z

A

w

~

INC.

FLANT DESCRIFTION

FLANT NAME AND UNIT NO«waaaaeas
UTILITY . ceeesasnsaanannsansanns
.T NSSS SUFFLIER...s.«.-
4 ELECTRIC FOWER RATING (MWE)....
.5 THERMAL FOWER RATING (MWT).....
& DATE OF COMMERCIAL OFERATION...

STEAM GENERATOR GENERAL INFORMATION

2.1 NUMBER OF STEAM GENERATORS.......:-4.
2.2 STEAM GENERATOR TYPE.::cieocesnnnonas
2.7 STEAM GENERATOR MODEL MNO«seesasenaans
2.4 STEAM GENERATOR FABRICATOR/LOCATION..
2.5 DATE OF STEAM GENERATOR COMPLETION.
STEAM GENERATOR DIMENSIONS

3. TUBESHEET THICKNESS (inches)...ec.anes
3. TUBE OUTSIDE DIAMETER (inches).......

TUBE WALL THICKNESS (inches)...

TUBRE FPITCH (incheS)ssseseesscnn

NOo Ak

[REE W R

DEPTH OF TUBESHEET CREVICE

STEAM GENERATOR MATERIALS

NUMEBER OF TUBES PER STEAM GENERATOR..
TUBESHEET RADIAL CREVICE {(inches)....
(inches)

4.1 TUBESHEET MATERIAL .. ecevorsaescsnaanasns
4,2 TUBE SUFFORT FLATE MATERIAL.....c.cv..n
4.7 TURE MATERIAL:.:secesvvaenssnsnsaancensons
4.4 TUBE SUPPLIER..weesuascsanneassnsanassvna
4.5 DATE OF TUBE MANUFACTURE. . «cvsvscennveonse
TUBE MATERIAL FROFERTIES

S.1 ASTM GRAIN SIZE RANGE....ccrserancocennen
5.2 CARBON CONTENT RANGE (percent)....c.c....
5.7 YIELD STRESS RANGE (kSi)aeecvavsanannsas
5.4 MILL ANNEAL TIME/TEMF (min/deg F).......
TUBE EXFANSION FARAMETERS

6.1 TYFE OF EXFANSION FROCESS:.ccsasaranceses
6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...
6.7 PROCESS USED TO FORM BENDS...cecevceannns
6.4 BSTRESS RELIEF AFTER TUBING (hours/deg F)

STEAM GENERATOR OPERATING PARAMETERS
FRIMARY COOLANT FRESSURE
HOT LEG INLET TEMFERATURE
COLD LEG QUTLET TEMPERATURE
HOT LEG HEAT FLUX
COLD LEG HEAT FLUX (BTU/hr/ft"2
STEAM GENERATOR OPERATING TEMF.

~
—

OOWNOUP AR

TYFICAL SLUDGE FILE DEPTH

NN N NN N

D-42

STEAM BGENERATOR OFERATING FRESS.

Jeanan

1€-1-3 10 I
(deg F).....
(deg Floeeanans
(BTU/hr/Fft"2) s uucanenns

(deg F)..

(psi)

(inches)..vesns
WATER CHEMISTRY et cvineaanannsns

FARLEY 2

ALABAMA FOWER

WEST INGHOUSE
860

~oe e
252

7/15/81

3

RWOE

a1

WEST INGHOUSE
/7

21.0
.873
. 050
3388
1.281
. QOO0
00.00

SA 508

Cs

ALLOY 600
WEST INGHOUSE
/7

FULL DEFTH ROLL

2.1875,3.468S
W EBALL MANDREL
NONE

maTe
A ]

O3
543

S1ié6
800
Q.4
AVT ONLY




DOMINION ENGIMEERING, INC.
EFRI/SGOG 11 CRACKING SURVEY
FARLEY Z .

10.

11.

REFORTED FRIMARY SIDE PROEBLEMS (Yes/Na, Date or EFFD to 1st observatian)

8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANMSITION...cevacesernenn

8.1.2 EXPANDED REGION........ cerneannsunas
8.1.7 U-BEND TRANSITION. ceevesnneasvaananse
8.1.4 U—-BENMD APEX~DENTING RELATED.:.acuass
8.1.5 U-REND AFEX-NOT DENTING RELATED.....
8.1.6 TSP INTERSECTION-DENTING RELATED....
8.1.7 FLUGS.:weasscsssssvannsnsosasvennnas
8.2 OTHER FRIMARY PROBLEMS(e.g. sulfur attach).

YES

REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to lst observation)

2.1 SECONDARY SIDE IGSCC
F.1.1 EXPANSION TRANSITION..ccvecenareennn
9.1.2 TUBESHEET CREVICE.:ssscencosnscennns
9.1.7 SLUDGE FILE REGION..sassesnsensanans
9.1.4 TSP INTERSECTION..:cesnesannsensanns
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXFANSION TRANSITION. . ssecsaaaaacnns
.2.2 TUBESHEET CREVICE.«cesscassnnecanans
9.2.% SLUDGE PILE REGION...cvececensaanaaene
9.2.4 TSF INTERSECTION. .. cnssacccnsaannns
DENTIMG. e tnsscaseneaacsannannnsnanesanansnasnns
CORROSION FATIGUE. . :ssassnsaasnnsansarcnane
EROSION-CORROSION. s s ccesnaarcasnacanncnnnns
FITTING:eeceansonnssasasnansancannnsnsanansns
WESTAGE . s sounsessasssanensansassannsanssannns
WEAR . «sussnssssasssassenssasnanssnanssnnsss
OTHER SECONDARY SIDE PROBLEMS...ceceivaannes

0800000
L mM~No- s

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES PLUGBED. ... cccarsernassnsseannns
10.2 TOTAL TUBES SLEEVED..ccsasaanscasenosnnnnans
10.3 OTHER (tube expn.,stress relief,peening)...

NOTES
11.1

11.

]

11.3

11.4

11.

a

11.6

D-43
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DOMINION ENGINEERING, INC.
EFPRI/SGOG II CRACKING. SURVEY
FESSENHEIM 1

FLANT DESCRIFTION

i.
1.1 " FLANT NAME AND UNIT NO.:2cuwieaneanonnannss
1.2 UTILITYuuuannsnonannnsannsnsonosnnanunasess
1.3 NSSS SUPPLIER. cuvrinncannnsssanconanonoanns
1.4 ELECTRIC FOWER RATING (MWE) ... :ieeeernuns
1.5 THERMAL POWER RATING (MWT) ... eeeunnennnnss
1.6 DATE OF COMMERCIAL OFERATION. cvveeecacnnss

2. STEAM BENERATOR GENERAL INFORMATION

2.1
2.2
2.2

-

e

[ )

[QE]

T

Cd 0 G i i )

N U B U~

T

L bhphO
U s id -

[y

PR~
m

aawma o

[

£ = m
m

o000~

NUMEER OF STEAM GENERATORS.esasesaes

STEAM GENERATOR TYPE. . v euseennnanaes

STEAM GENERATOR MODEL NO..o:esascenne

STEAM GENERATOR FAERICATOR/LOCATION.

DATE .OF STEAM GENERATOR COMFLETION...

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (incheS)..cssaas
TUBE QUTSIDE DIAMETER (inches).ssees
TUBE WALL THICKNESS (incheS).ceeeasss
NUMBER OF TUBES PER STEAM GENERATOR.
TUBE PITCH (incheS)uuereeannsasnacans
TUBESHEET RADIAL CREVICE (inches)...
DEFTH OF TUBESHEET CREVICE (inches).

AM GENERATOR MATERIALS

TUBESHEET MATERIAL v e cnnrerseccanans
TUBE SUFFORT FLATE MATERIAL.«ieruare
TUEBE MATERIAL. v eeervonrsannssnnsnacns
TUBE‘SUPPLIER.....................,.
DATE OF TUBE MANUFACTURE...vcesacans

MATERIAL FROPERTIES

ASTM GRAIN SIZE RANGE. . v vvveceensaus
CAREON CONTENT RANGE (percent)......
YIELD STRESS RANGE (KSi).uiecvinneee

MILL -ANNEAL TIME/TEMP (min/deg Fle.....

EXPANSION FARAMETERS

TYFE OF EXPANSION FROCESS.veacssanranss
RADII OF ROW 1 AND 2 U-BENDS (inches)..
FROCESS USED TO FORM BENDS. « v eurreenannnns

T

NNONO P k)= M

NNNSNNNNNNND

8TRESS RELIEF AFTER TUEING

(hours/deq F)...

AM GENERATOR OPERATING FPARAMETERS

FRIMARY COOLANT FRESSURE
HOT LLEG INLET TEMFERATURE
"COLD LEG OUTLET TEMPERATURE

(PS1)usanennsassnan

(deg Fluoeeireernen
(deg Floweeannee

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

(BTU/Br/ft™2) eeaneecenaas
(BTU/hr/$t"2) v e nvaen

STEAM GENERATOR OFERATING TEMF. (deg F)a....
STEAM GEMNERATOR OFERATING FRESS. (PSi)eesans

TYPICAL SLUDGE FILE DEPTH

WATER GHEMISTRY . e v uvueeansoencasnnransanns

(iNCheS) cvseuannn

D-44

FESSENHEIM 1
EDF
FRAMATOME
890

12715777

3
RWOE
SiA

/7

.875
. 050
I350
1.281
M uielala]
Q0,00

ALLQOY - 600
WEST INGHOQUSE
/7

7-8
« QA7 =, 080
44-59

ROLL/EXFLOSIVE
2.1875,3.4685
W BALL MANDREL

NONE

2248
611

343

789

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGO6 II CRACKING SURVEY
FESSENHEIM 1

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1st observatiaon)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION..cescaaseasnnna YES

B8.1.2 EXPANDED REGION. ... cssvssansesnoannns
8.1.% U—-BEND TRANSITION...cucvecensescass=s YES
8.1.4 U—BEND AFEX-DENTING RELATED..ecssan.
8.1.5 U-BEND AFEX-NOT DENTING RELATED.....
8.1.6 TSF INTERSECTION—-DENTING RELATED....
B8.1.7 PLUGS:«teasssssunnvsnssnssnssnnasans

g.2 OTHER FRIMARY PROEBLEMS(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to lst observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXFANSION TRANSITION..csceesessaasss YES
9.1.2 TUBESHEET CREVICE«vicasacarevrnsaaas
9.1.3 SLUDGE PILE REBION..+cesveaassssas=a TES
9.1.4 TSP INTERSECTIONu:ceesavasenvasosansns
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION....vceecnsnaess
9.2.2 TUBESHEET CREVICE.¢ccsesnrascrnansns
9.2.3 SLUDGE PILE REGION..vacrsvaasenasaas
9.2.4 TSF INTERSECTION...cesreecncvosnsanus
DENTING. e e cessussanacnsnnansnnsnnssnsnoenans
CORROSION FATIGUE. csscenaasaasaessnnvnsansns
EROSION-CORROSION.: s eusssassnssnanasavasanns
PITTING.evavavresensensannesnsanannnsnnonsss
WASTABE . s s cscansanatannsansenssennssnansnns

WEAR . s asscasssusennssaanssnasassssnsesannna

OTHER SECONDARY SIDE FROBLEMS......c.enaeen

RNt I VRN IR o I 1
QOUONOWPHH

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUEBES FLUGGED..scesssssssaaacessancns
10.2 TOTAL TUBES SLEEVED...ccseaeresscsanonsnennns
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES

11.1

11.2

11.73

11.4

11.5

11.4

D-45




DOMINIGON ENGINEERING,

INC.

EFRI/SGOG II CRACKING- SURVEY
FESSENHEIM 2

1.1

-
.

P
O~ bR

FLANT DESCRIFTION

FLANT NMAME AND UNIT MO...ceaeesncansavonanse
UTILITY. canans
NSSS SUPFLIER. cesnsaesevesasonnssnnsanannns
ELECTRIC FOWER RATING (MWE) i iaaneurnans
THERMAL POWER RATING (MWT)..
DATE OF COMMERCIAL OPERATION. ceveecaassnans

2. STEAM GENERATOR GEMERAL INFORMATION

P RIE) R ED
s B

NUMEER OF STEAM GENERATORS. .t sicevavacaaannns
STEAM GENERATOR TYFE.oasesaenannennscaansns
STEAM GENERATOR MODEL NO...cissacasscsansan
STEAM GENERATOR FABRICATOR/LOCATION........
DATE OF STEAM GENERATOR COMFLETION.........

3. STEAM GENERATOR DIMENSIONS

R

Eanl

~NO s

L L L A

(&1 I S Y o8 B

EoRE T O

c

B kY i
m

w
aaadmA

c

2L )=
m

oo

TUBESHEET THICKMESS (inches).uivaceascaanns
TUBE OUTSIDE DIAMETER (inches).eeicencaaaanse
TUBE WALL THICKNESS (inches).:isssacaccccess
NUMBER-OF TUBES FER STEAM GENERATOR........
TUBE PITCH (inches).ccieencnesnnenonannnans
TUBESHEET RADIAL CREVICE (inchesS)....cu.e.ns
DEFTH OF TUBESHEET CREVICE (inches)....eass

STEAM GENERATOR MATERIALS

TUBESHEET MATERIAL. .. i ci it annasananas
TUBE SUPFORT FLATE MATERIAL..:.ccsvacaanuons
TUBE MATERIAL. . ceunnsssncasnssnnnnnnnsanas
TUBE SUFPLIER. e« cevanvessnnsasnasnssennanna
DATE OF TUBE MANUFACTURE. s csvcteaaananonsas

MATERIAL FROFPERTIES

ASTM GRAIN SIZE RANGE........
CAREON CONTENT RANGE (percent)..sciceacasses
YIELD STRESS RANGE (KSi)ewaisesseannnsaanana
MILL ANNEAL TIME/TEMF (min/deg Fleeeaaeaaas

EXFANSION FPARAMETERS
TYPE OF EXPANSION PROCESS...veeansacnaansns
RADII OF ROW 1 AND 2 U-BENDS (inches)......
FPROCESS USED TO FORM BENDS.
STRESS RELIEF AFTER TUBING

(hours/deg F)...

7. STEAM GENERATOR OFERATING PARAMETERS

7.1

NNN NI NN N
N ONO W R

FRIMARY COOLANT PRESSURE (psSid)a......
HOT LEG INLET TEMFERATURE (deg F)..
COLD LEG OUTLET TEMFERATURE (deg F)
HOT LEG HEAT FLUX (BTU/hr/Ft™2) e enaaas
COLD LEG HEAT FLUX (BTU/hr/ft™2) . .iccicensnn

STEAM GENERATOR OFERATING TEMP. (deg Fl.....
STEAM GENERATOR OPERATING FRESS. (psi)....
TYFICAL SLUDGE FILE DEPTH
WATER CHEMISTRY.......

(inches) ..

FESSENHEIM

EDF

FRAMATOME
890

/15778

RWQE
S1A

/’/

.875
. 050
388
1.281
<0000
00.00

ALLOY 600
SANDVIK
/7

FULL DEFTH ROLL

>
a“

2.1875,35.4685

NONE

2248
611
547

789

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGOG 11 CRACKING SURVEY
FESSENHEIM =2

8. FREFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITION..«caccerenas -
8.1.2 EXFANDED REGION.....vsvarancaasansns
8.1.3 U-BEND TRANSITION..sccaceassnenonn=s
8.1.4 U—-BEND AFEX-DENTING RELATED....c.a..
8.1.5 U-BEND AFEX—-NQT DENTING RELATED.....
8.1.6 TSP INTERSECTION-DENTING RELATED....
B.1.7 PLUGS.uesesasssacenasssanasnnasannns
8.7 OTHER PRIMARY FROBLEMS(e.g. sulfur attack).

9. REPORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to ist observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION..sccevercannenas
%.1.2 TUBESHEET CREVICE. s ccrsnreeccancnnns
?.1.% GLUDGE PILE REGION: . cceavenarsnannn
9.1.4 TSP INTERSECTION...ersesevoancccanaen
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION.:csevcenaaannnas
9.2.2 TUBRESHEET CREVICE..veeassvsusrscnnss
9.2.3 SLUDGE PILE REGION..escesmenaaanoeae
9.2.4 TSP INTERSECTIOM..ecssvvansssvannnsns

9. % DENTING.:2wcasassascsnssanasesssssnsnsneosaus
9.4 CORROSION FATIGUE.. «scscevecasssnannsnsncsas
9.5 EROSION-CORROSION..:cccasvrscvsanssnnreecnens
F.8 FITTING.:weesaceancnssssssssenssssnnannensss
.7 WASTAGE..vtcsssseanasasusanasssnnscnnansnnns
9.8 WEAR.:. 2 ucsssnsnessssesnuanssussansasanssnans
9.9 OTHER SECONDARY SIDE PROBLEMS.c.ci.esccnanns

10, INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGBED. cssesasanenssssnasnnens
10.2 TOTAL TUBES SLEEVED.:csssesesaenscesannnsns
10.3 OTHER (tube expn.,stress relief,peening) ...
11. NOTES
11.1
11.2

11.3

D-47



DOMINION ENGINEERING,

INC.

EFRI/SG0OG II CRACKING SURVEY
GENKAI 1
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1.3
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LANT DESCRIFTION

FLANT NAME AND UNIT NO.::iccessnsraaas
UTILITY e ceenunsnavnansasnanannasnnnns
NSSS SUFFLIER. «ccveevans
ELECTRIC FOWER RATING (MWE) .. auausnse
THERMAL FOWER RATING (MWT).ieewaaoanns
DATE OF COMMERCIAL OFERATION. ..« xs«.

AM GEMERATOR GENERAL INFORMATION

NUMEER OF STEAM GENERATORS..vescecanvs
STEAM GENERATOR TYFE. . vcevecrnaananvs
STEAM GENERATOR MODEL NO.ecevsan-aans
STEAM GENERATOR FARRICATOR/LOCATION..
DATE OF STEAM GENERATOR COMPLETION...

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (incheS).siaeanss
TUEE OUTSIDE DIAMETER (inches)......
TUBE WALL THICKNESS (inches)......e.s
NUMBER OF TUBES FER STEAM GENERATOR.
TUBE PITCH (incheS)caearsccnivsnssannns
TUBESHEET RADIAL CREVICE (inches)...
DEFTH OF TURESHEET CREVICE (inches)..

STEAM GENERATOR MATERIALS

[SU R

B R

[l
m

[
ER A A I 1]

TURESHEET MATERIAL.:ccsvrvrscranesaaas
TUBE SUPPORT FLATE MATERIAL......auv.
TUBE MATERIAL..ccoeuesuaas
TUBE SUPFLIER:.ceacanesaenssanannnans
DATE OF TUBE MANUFACTURE. e eavacenaas

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANGE....
CAREBON CONTENT RANGE (percent).......
YIELD STRESS RANGE (ksSi)..eeenonaanae
MILL ANNEAL TIME/TEMFP (min/deg F)....

EXFPANSION FARAMETERS

TYFE OF EXFANSION PROCESS...cvevasees
RADII OF ROW 1 AND 2 U-BENDS (inches)
FROCESS USED TO FORM BENDS...:csanaas

STRESS RELIEF AFTER TURING (houwrs/deg F) .

STEAM GENERATOR OFERATING PARAMETERS

FRIMARY COOLANT PRESSURE (pSidesaaaas
HOT LLEG INLET TEMPERATURE (deg Fl)....
COLD LEG OUTLET TEMFERATURE (deg F)..
HOT LEG HEAT FLUX (BTU/hr/+t"2)..ua..
COLD LEG HEAT FLUX (BTU/hr/ft"2).....

STEAM GENERATOR OFERATING TEMF. (deg F).....

STEAM GENERATOR OFERATING FPRESS. (psi)
TYFICAL SLUDGE FILE DEPTH
WATER CHEMISTRY..uaneeun

D-48

(inches) s caeeeas

GENKAI 1

KYUSHU ELECTRIC
MHI

359

1650

10/15/775

RWOE
St
MHI
s

873
« 0T0
3388
1.214
L0080
12.00

FORG.STL.
SA 333
ALLOY &00
SUMITOMO
s

ROLL /HYDRAULIC
2.1875,3.4683
CYL.FLAST.MNDRL
NONE

2233

613

551




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
GENEAL 1

8. REPORTED FRIMARY SIDE FPROEBLEMS (Yes/No, Date or EFFD to lst observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXPANSION TRANSITION...seecssonsanus=
B8.1.2 EXPANDED REGION. s vvescseransancensns

8.1.7% U-BEND TRAMSITION..::ccaceaannacnanas
8.1.4 U-EEND AFEX-DENTING RELATED.........
8.1.5 U-BEND APEX-NOT DENTING RELATED.....
8.1.6 TSP INTERSECTION-DENTING RELATED....
B.1.7 PLUGS...crsveasanansssnanscnnsnsnanuas
8.2 OTHER FRIMARY FROELEMS(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFPD to lst observation)
9.1 SECONDARY SIDE IGSCC
?.1.1 EXPANSION TRANSITION. «cvsaeccessnnns
9.1.2 TUBESHEET CREVICE..evteestnaesnvacen
9.1.7 SLUDGE PILE REGIONus:cevreeacovusane
9.1.4 TSP INTERSECTION..«scstevssnssasassss YES
9.2 INTERGRANULAR ATTACEK (IGA)
9.2.1 EXFANSION TRANSITION...::iaasnsaraass
2.2 TUBESHEET CREVICE. .t s cursencnnsannses
.2.% OSLUDGE PILE REGION.:.ccvieanarnsvasnasn
9.2.4 TSP INTERSECTION..eevavsnessesssnass YES
DENTING:wssvancesasssansnsnmnsansnnssnnsens
CORROSION FATIGUE. cecsnacanssnsrsnoannasnnas
EROSION-CORROSION. c e s s aansnnmsvsnnnnsnanns
FPITTING. ceseeensancnnsnnansannacunsanansnns
WASTABE . s s s evvavsserantsrsssasansannsannsssas
WEAR .+ v essvsoaesnuassssnsnsnssnnsneananonsns TES—FOREIGN MTL
OTHER SECONDARY SIDE PROBLEMS.....ccececasn

o000 00
QONDO R

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGBED. <t :cvcevevsccsaranansans S3b
10.2 TOTAL TUBES SLEEVED. s caesceasseveannesannsnn
10.7 OQTHER (tube expn.,stress relief,peening)... CREVICE HYD. EXFANDED

11. NOTES
11.1

11.2

11.

L4

11.4

11.6

D-49
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ENGINEERING, INC.

SURVEY

FLANT DESCRIFTION

FLANT NAME AND UNIT NO..vuaaesaas
UTILITY.. fe e emtracauae e
NESE SUFPLIER:«cessvue
ELECTRIC FOWER RATING
THERMAL FOWER RATING
DATE OF COMMERCIAL OFERATION..cuc...

(MWE) e c e v anuen

STEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS.wswssas-a
STEAM GENERATOR TYPE. e ewesnsnananna
STEAM GENERATOR MODEL NO«.vseasasaas
STEAM GENERATOR FAEBRICATOR/LOCATION.
DATE OF STEAM GENERATOR COMFLETION..

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inches).v.iee.aa
TUBE OQUTSIDE DIAMETER (inches)......
TUBE WALL THICKNESS (incheS)...ec.e.
NUMBER OF TURES PER STEAM GENERATOR.
TURE PITCH (inches).iciecnnonnsonnan
TUBESHEET RADIAL CREVICE (inches)...
DEFTH OF TUBESHEET CREVICE (inches).

AM GENERATOR MATERIALS

MWT) w v s v e nnaaas

TUBESHEET MATERIAL. «v e s asnesnncnnnes-

TUBE SUFPORT PLATE MATERIAL..:vevu..
TUBE MATERIAL. .. cvcveerasescnnnnnnas
TUBE SUPPLIER. . uiuuenaronsnsonsnanns
DATE OF TURE MANUFACTURE......

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANGE...veeesoanenenes

CAREOM CONTENT RANGE
YIELD STRESS RANGE
MILL ANNEAL TIME/TEMP

EXFANSION FARAMETERS

(percent) cvevneae
(kS1)ieeivanancanas
(min/deg Floawas

TYPE OF EXFPANSION PROCESS.: v enveasansa
RADII OF ROW 1 AND 2 U~BENDS (inches).
FROCESS USED TO FORM BENDS. ..veveueon.
STRESS RELIEF AFTER TUEING (hours/deg F)...

AM GENERATOR OFERATING PARAMETERS
(PSi)veunneos
(deg Fluve..

FRIMARY COOLANT PRESSURE
HOT LEG INLET TEMFERATURE

COLD LEG QUTLET TEMFERATURE (deg F)...

HOT LEG HEAT FLUX

COLD LEG HEAT FLUX (BTU/hr/f

(BTU/Rr/ft"2) cveaanns

war
"2l e

8STEAM GENERATOR OPERATING TEMP. (deg F).
STEAM GENERATOR OPERATING FPRESS. (psi)..

TYFICAL SLUDGE PILE DEPTH (inches)

WATER CHEMISTRY s riueuiannsvannnnnasnnenns

D-50
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GENEKAI
KYUSHU ELECTRIC
MHI

S99

14650

/15781

2

RWOE

SiM

MHI .
’/

.875
<030
3382
1.214
« QOO0
00.00

FORG. STL.
cs

ALLOY &00
SUMITOMO

FD ROLL/RUBRER
2.1875,T.4488
CYL.PLAST.MNDRL
NONE
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DOMINION ENGINEERING,

INC.

EFRI/SGOG II CRACEING SURVEY

GENEATL 2

8. REFORTED FRIMARY SIDE FROEBLEMS

(Yes/Na,

8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION. sueeesccasnaans
B8.1.2 EXFANDED REGIOM. s . evvavavnnanannoans
8.1.3F U-BEND TRANSITION...«v.vcenaensncans
8.1.4 U-EEND AFEX-DENTING RELATED.ssvaua..
8.1.3 U-BEND AFEX-NOT DENTING RELATED.....
B8.1.46 TSF INTERSECTIOM-DENTING RELATED....
B.1.7 PFLUGS. ... suueecevrsanscannsnanasnnnas

8.2 OTHER FRIMARY FROBLEMS(e.g. sulfur attack).

Date or EFFD to 1st observation)

9. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date

or EFPD ta 1st observation)

%.1 SECONDARY SIDE IGSCC
?.1.1 EXPANSION TRANSITION. ¢eccesnnasacase
9.1.2 TUBESHEET CREVICE. ..t cecrvenannsanaaa
?.1.3 SLUDGE FILE REGION.su.ecccncssnananas
F.1.4 TSF INTERSECTION...cccouesenscesanss
2.2 INTERGRANULAR ATTACEK (IGAR)
2.1 EXFANSION TRANSITION. . ..ecsnccanasws
?.2.2 TURESHEET CREVICE..vvsvruaccannanana
F?.2.3 SLUDGE PILE REGION:eseecenannanaanea
2.4 TSF INTERSECTION. uacesssssaninsnoasns
F.3 DENTING...ceceeennsuasnncsnanannnssanscnannas
F.4 CORROSION FATIGUE. .. vseeeercrasnncnnnnsanns
?.5 EROSION-CORROSION. .. e ccuensansnsnananansss
P PITTING. cesuuwasansncscsunsaconsnsannnsnananss
?.7 WASTAGE. . n.eu.a. CeseuamrsamNmesensenemaanaEas
.8 WEAR.: 2w eertsosreonsarassaanusssaannansananss
2.9 OTHER SECONDARY SIDE FROBLEMS...c.ccecaasns
1G. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUEBES FLUGGED. s+ s cveerseennnnnnensas O
10.2 TOTAL TUBES SLEEVED. . csuucssasccosnnsssnnss
10,5 OTHER (tube expn.,stress relief,peeningl...
11. NOTES
11.1
11.2
11.3
11.4
11.5
11.6

D-51




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
GINNA

1. FLANT DESCRIPTION

1.1 PLANT NAME AND UNIT NOweeewoesennnaanannans

ELECTRIC FOWER RATING

o U bl

PMMNNMNR W

a

3. GSTEAM GENERATOR DIMENSIONS

3.1 TUBESHEET THICKNESS (inchesS).cesavan.s

TEAM GENERATOR GENERAL INFORMATION
1 NUMEBEER OF STEAM GENERATORS..casawnsens-
2 GSTEAM GENERATOR TYPE.we:csasoosesnsasncnns
3 STEAM GENERATOR MODEL NO..scsessvanass
4 STEAM GENERATOR FABRICATOR/LOCATION....«..
DATE OF STEAM GENERATOR COMPLETION....

UTILITY . anesasasaunsuasanssaassunnasnsnna
NSSS SUPFLIER: s ussacsnsanssnnscnssnsnnns
MWE) e o s vsnancas
THERMAL POWER RATING (MWT)uui.veaaaaais
DATE OF COMMERCIAL OFPERATION. «.saveess

F.2 TUBE OUTSIDE DIAMETER (inches).....secvans

Z.3 TUBE WALL THICKNESS (inches).iccceeausns
3.4 NUMBER OF TUBRES PER STEAM GENERATOR...

3.9 TUBE PITCH (inches) c.ccccvacessasasnssance
F.6 TUBESHEET RADIAL CREVICE (incheS)eccseaaas
3.7 DEPTH OF TUBESHEET CREVICE (inches).......

4. STEAM GENERATOR MATERIALS

4.1 TUBESHEET MATERIAL.ccacreconesenenaranonas
4.2 TUBE SUFPORT PLATE MATERIAL..c.ssavescavaes

-

4.7 TUBE MATERIAL.:cescessosennnasnnssansosunans
4.4 TUBE SUPPLIER:::csceenasasnssssncnnnannanan
4.3 DATE OF TUBE MANUFACTURE. ... cerseenconcnnnn
5. TUBE MATERIAL FROPERTIES
S.1 ASTM GRAIN SIZE RANGE. .vtcsernscaanensnsansas
5.2 CARBON CONTENT RANGE (percent).sesccccscscs
S.7 'YIELD STRESS RANGE (KSi)uwwsssnsussnanannne
S.4 MILL ANNEAL TIME/TEMP (min/deg Fleisv.esneaa
4. TUEBE EXFANSION PARAMETERS
6.1 TYPE OF EXPANSION PROCESS. cvecsanassnannans
6.2 RADII OF ROW 1 AND 2 U-BENDS (inchesS)..a....
6.3 PROCESS USED TO FORM BENDSscevacsuncacassns
6.4 GSTRESS RELIEF AFTER TUBRING (hours/deg F)...
7. STEAM GENERATOR QPERATING PARAMETERS
7.1 PRIMARY COOLANT PRESSURE (pPSi).c.ceccassnes
7.2 HOT LEG INLET TEMFERATURE (deg Fl.ccceeneaa
7.3 COLD LEG OUTLET TEMPERATURE (deg F)..cevaaan
7.4 HOT LEG HEAT FLUX (BTU/hr/ft"2)..ceaacanenn
7.5 COLD LEG HEAT FLUX (BTU/hr/ft"2)cecsaannans
7.6 STEAM GENERATOR OFERATING TEMF. (deg Fl.....
7.7 STEAM GENERATOR OPERATING PRESS. (PSi)ises.a.
7.8 TYPICAL SLUDGE FILE DEPTH (inches)isaeisca..
7.9 WATER CHEMISTRY. .ttt iieeeenvennanusnanncnna

D-52

GINNA

ROCHESTER ELECTRIC
WEST INGHOUSE

490

1520

3/15/70

2

RWOE

44

WEST INGHOUSE
/7

22.0
. 873
« 050
2860
1.23
- 0080
20.001

FORG. STL.
Cs

ALLOY 600

HUNT INGTON
/7

&
Q37

1760-1814

PART DEFTH ROLL -

H BALL MANDREL
NONE

2235

601
552

24000

514
755
2.00
EARLY PHOS,AVT 11/74




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
G INNA

9. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1lst observation)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION.:sessassaeasnaes
.2 EXPANDED REGION. :ssssascaanescanssscus

J

8.1.2

8.1.7 U-BEND TRANSITION.uce-ccecanasacnnnns

8.1.4 U-BEND AFEX~DENTING RELATED.....c...

8.1.5 U~EEND APEX-NOT DENTING RELATED.....

8.1.6 TSF INTERSECTION-DENTING RELATED....

8.1.7 PLUBS. ceascnscansssanssnssrssssannas YES
8.2 OTHER PRIMARY PROEBLEMS(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE FPROBLEMS (Yes/No,Date or EFPD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION...c.vensvesanas
- $,1.2 TUBESHEET CREVICE..vccauncanssseassa YES
9.1.3 SLUDGE PILE REGION....vsessennnssans
9.1.4 TSP INTERSECTION. v aesceesancvosanvas
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXFANSION TRANSITION..vsicasasssesnanse
» 9. 2,2 TUBESHEET CREVICE..2:sasssseasrenesss YES
Sv 9. 2. % SLUDGE PILE REGION«..u-cesuseseearssa YES
9.2.4 TSP INTERSECTION.  cecsssccenransrsnnns
DENTING: e ssenanvennsnssansannsneennssnsnsas YES
CORROSION FATIGUE. ccccceassansusnesnrananaasn
EROSION-CORROSION. s s s esnascesnssnsnnnvosnans
PITTING. « e s enconnasanasnnannssnsanusnaanssn
WOASTABE . e cessoaasnesscansnnnsannenssannssas YES
WEAR . s e cccanvansnnsenennssunssnsansssananns YES
OTHER SECONDARY SIDE PROEBLEMS.....verasss.. FOREIGN MATL/WEAR

LgO0oIV0O00
O OND b

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGBED..cessecsrervenasnssannss 289
10.2 TOTAL TUBES SLEEVED...ess-sesccnanansssnsns 79-1980/83
10.T OTHER (tube expn.,stress relief,peening)...

V11. NOTES
11.1
11.2
11.3
11.4

11.5

11.6

D-53



DOMINION

EFRI/SG0G II1 CRACKING
GRAVELINES BR1

1.1

[ ) R 0 |

T N
.

ENGINEERING, INC.

SURVEY

FLANT DESCRIFTION

PLANT NAME AND UNIT NO.cesasceerannsnns
UTILITY . euunencnanennsnssasanssnnannnnnas
NSES SUPPLIER. . tcrsevasnaravavannannnnss
ELECTRIC FOWER RATING (MWE) . .civacussns
THERMAL POWER RATING (MWT) iu.evevuaennns
DATE OF COMMERCIAL OFERATION....ceasann

2. STEAM GENERATOR GENERAL INFORMATION

e

e
.
Fr )
P

2.3

2.4
2.5

J

NUMBER OF STEAM GENERATORS.««ssessssnrs
STEAM GENERATOR TYPE..sevcetessaanaaanna
STEAM GENERATOR MODEL NO.teseroavnnanns
STEAM GENERATOR FABRICATOR/LOCATION....
DATE OF STEAM GENERATOR COMPLETION..

3. STEAM GENERATOR DIMENSIONé

-

Il
5
e al

-
et

"TUBE WALL THICKNESS

TUBESHEET THICKNESS (incheS).sasaseasasas
TUBE OUTSIDE DIAMETER (inches)euveesens
(iNcheS)ciseancancas

3.4 NUMEER OF TUBES PER STEAM GENERATOR. .czvcas
F.9 TUBE PITCH (incheS) .. esuscsessasanassasnsas
T.4 TUBESHEET RADIAL CREVICE (incheS)asceuveavans
F.7 DEFPTH OF TUBESHEET CREVICE (inches)..ccesaes
4. STEAM GENERATOR MATERIALS
4,1 TUEBESHEET MATERIAL«:caesansonesnssnosassnans
4.2 TUBE SUFFORT PLATE MATERIAL:vecsnaarovunnns
4,7 TUBE MATERIAL....ceacecuasacacasanveansasnsnsna
4.4 TUBE SUFPLIER..cecennsanassavsnsacasnasnnns
4.5 DATE OF TUBE MANUFACTURE. «ccasscsneensscarnncs
3. TUBE MATERIAL FROFERTIES
3.1 ASTM GRAIN SIZE RANGE..:c:rcuscasnssannssncans
5.2 CAREBON CONTENT RANGE (percent)...oceesssens
S.3 VYIELD STRESS RANGE (kSi).iececssnanncsnaannes
S.4 MILL ANNEAL TIME/TEMF (min/deg Floseaceasas
6. - TUBE EXPANSION PARAMETERS
6.1 TYFE OF EXPANSION PROCESS .t cvenseevsaaanacs
«2 RADII OF ROW 1 AND 2 U-BENDS (inches)......
6.5 FROCESS USED TO FORM BENDS. .. ccarsoncsanans
6.4 GSTRESS RELIEF AFTER TUBING (hours/deg F)...
7. STEAM GENERATOR OFERATING PARAMETERS
7.1 FRIMARY COOLANT PRESSURE (PSi)esasenaneoanns
7.2 HOT LEG INMLET TEMFERATURE (deg Flaseeoscaens
7.3 COLD LEG OUTLET TEMFERATURE (deg Flicsseusss
7.4 HOT LEG HEAT FLUX (BTU/hr/ft"2) secesssnanss
7.3 COLD LEG HEAT FLUX (BTU/hr/ft"2)eccacensana
7.4 STEAM GENERATOR OFERATING TEMF.(deg F)ee.u..
7.7 STEAM GENERATOR OFERATING PRESS. (PSi)essses
7.8 TYPICAL SLUDGE FILE DEPTH (inchesS)e:esaasss
7.9

WATER CHEMISTRY .. ueiinnensnesnvananaasnnens
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BRAVELINES E1
EDF
FRAMATOME
210

8/ 1/80

3

RWOE

SiM
FRAMATOME
7/

.875
. Q05
388
1.281
Mslulele]
Q0,00

ALLOY 600
WEST /VALLOUREC
/7

FULLROLL /DAM
2.1875,3.4485

NONE
2248

613
S46

840
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DOMINION ENGINEERING, INC.
EFPRI/SG0OG II CRACKING SURVEY
GRAVELINES B1 :

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/Na, Date or EFFD to 1st abservation)
8.1 PFRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION. . cesenssasssues
1.2 EXFANDED REGION. .ucsvvssasnsnnasanns
I U-BEND TRANSITION...eeceassnnsannnsna
4 U~BEND AFEX—-DENTING RELATED..uaesuens
S U—-BEND APEX-NOT DENTING RELATED.....
.6 TSF INTERSECTION-DENTING RELATED....
7 PLUGS. . eveeasososeansnnansassenannnnss
8.2 R PRIMARY FROBLEMS(e.g. sulfur attachk).
9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1st observation)
2.1 SECONDARY SIDE IGSCC
F.1.1 EXFPANSION TRANSITION. ccovsesveaannnas

?.1.2 TUBESHEET CREVICE. ... ccicianronannas
9.1.5 SLUDGE PILE REGION:..vcoesnvsnnsanas
?.1.4 TSP INTERSECTION..:isueeseveenscasans
2.2 INTERGRANULAR ATTACK (IGA)
2.2.1 EXFPANSION TRANSITION. ceccneencvsanae
?.2.2 TUBESHEET CREVICE. it ecsncavucaaans
?2.2.3 SLUDGE PILE REGION.:vaceesancannanas
?.2.4 TSF INTERSECTION:.veecsonsansnasnsas
.3 DENTING...:icsvecocnsannansussserssnsnaannn
?.4 . CORROSION FATIGUE. . s casnsancoenssnnvnananns
2.5 EROSION-CORROSION. cvcuscensvsvanenennnnnannns
?.4 FITTING....... e st esemstasseenannacnannn
.7 WASTABE. . .vsenensentonocsacensasnennansnuns
9.8 WEAR....vociteaceanennontsnsecannsusnasnnnsns
9.9 OTHER SECONDARY SIDE PROBLEMS...euseuicrecas

1d. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED. cssseenuenencncanssansa
19,2 TOTAL TUBES SLEEVED. s e v anvencaserenonnensen
10,3 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3

11.4

i1.

4]

11.64

D-55




DOMINION

ENGINEERING, INC.

EFRI/SGOG II CRACKING SURVEY
GRAVELINES B2 '

1. PLANT DESCRIPTION

1.1

FLANT NAME AND UNIT NO.

GRAVELINES EZ

1.2 UTILITYeavseonnnnn weesennsacsscsssannensnse EDF
1.7 NB5S SUPPLIER..«iveaiarnens ceeasssssnnnenass FRAMATOME
1.4 ELECTRIC FOWER RATING (MWE)..usvcsnasaanaae 910
1.5 THERMAL FOWER RATING (MWT)iueesnansscaannna
1.6 DATE OF COMMERCIAL OFERATION.::ceeesaassass 11/ 1780
2. STEAM GENERATOR GENERAL INFORMATION
2.1 NUMEBER OF STEAM GENERATORS.:ccrtsesanrsaneanns 3
2.2 STEAM GENERATOR TYPE. st ccianssesasnasnnaanss RWOE
2.3 STEAM GENERATOR MODEL NO..:.cseceesansacnsss o1M
2.4 STEAM GENERATOR FAERICATOR/LOCATION........ FRAMATOME
2.5 DATE OF STEAM GENERATOR COMPLETION...vewee. //
. GSTEAM GENERATOR DIMENSIONS
3.1 TUBESHEET THICKNESS (inches)...siciasans coaee
3.2 TUBE OUTSIDE DIAMETER (incheS).sssssasnsass 2873
3.3 TUBE WALL THICKNESS (inches)..cicesesaassas 2030
3.4 NUMEER OF TUBES FER STEAM GENERATOR........ 3388
3.5 TUBE PITCH (inchesS)....icusenenaessnnseasanaa 1.281
3.6 TUBESHEET RADIAL CREVICE (inches)...c.acacs Q000
3.7 DEFTH OF TUBESHEET CREVICE (inches)...e.aa. 00.00
4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL. .. ctcseserccnannnnnanuns
4.2 TURE SUFFORT PLATE MATERIAL.sccccesssananas
4.3 TUBE MATERIAL:«svvevasnensnsnnsnannsaassrses ALLOY 4600
4.4 TUBE SUPPLIER::ceuercesnosascrsanansasnsass WESTINGHOUSE
4.5 DATE OF TUBE MANUFACTURE:. s veceenvnsssenanas //
9. TUBE MATERIAL FROFERTIES
3.1 ASTM GRAIN SIZE RANGE..w.csesaasscanananans
5.2 CAREBEON CONTENT RANGE (percent)..cevasvocaas
5.3 VYIELD STRESS RANGE (KSi).uusaavnoannannnnna
5.4 MILL ANNEAL TIME/TEMF (min/deg Fl..caicnaean
6. TUBE EXPANSION PARAMETERS
6.1 TYPE OF EXPANSION PROCESS...c.ucuasresenaaeas FULL ROLL/DAM
.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.1873,3.46835
6.7 PROCESS USED TO FORM BENDS. ....ecscaaseessss W BALL MANDREL
6.4 STRESS RELIEF AFTER TUERING (hours/deg F)... NONE
7. STEAM GENERATOR OFERATING PARAMETERS
7.1 FRIMARY COOLANT FRESSURE (psSi).....aseusss. 2248
7.2 HOT LEG INLET TEMFPERATURE (deg Fleeiaseuan « 613
7.7 COLD LEG OUTLET TEMPERATURE (deg Fl...e.... 346
7.4 HOT LEG HEAT FLUX (BTU/hr/+t"2) .. iecaannns
7.5 COLD LEG HEAT FLUX (BTU/hr/+t"2)cccincncanas
7.6 GSTEAM GENERATOR OFERATING TEMP. (deg Fl.....
7.7 STEAM GENERATOR OFERATING FRESS. (PSi).s.... 840
7.8 TYFICAL SLUDGE FILE DEPTH (inches)..«..... .
7.9 WATER CHEMISTRY......... e ecesa vaeesa AVT ONLY
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DOMINION ENGINEERING, INC.
EFRI/SE06 I1 CRACKING SURVEY
GRAVELINES E2

8. REFORTED FPRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to lst observation)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION. c.ewanennenaans
8.1.27 EXFANDED REGION. . sssssvsanuconnsanss
1.3 U—BEND TRANSITIOM.:saaass ceserssaans
1.4 U-BEND AFEX-DENTING RELATED.a«issaas
1.5 U-BEND AFEX-NOT DENTING RELATED.....
1.6 TSF INTERSECTION-DENTING RELATED....
v1.7 PLUBS: cssssseseasassnsannssas reanaan
8.2 THER FRIMARY FROBLEMS(e.g. sulfur attack).
9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to 1st observatiaon)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXFANSION TRANSITION. csoceescnvnsaen
9.1.2 TUBESHEET CREVICE. cveasssvsescnnanas
9.1.3 SLUDGE FILE REGION...ccavsssnnasaans
9.1.4 TSP INTERSECTION...ceseusscenannsnss
9.2 INTERGRANULAR ATTACK (IGA)
.2.1 EXPANSION TRANSITION. cavecoeessannns
. 2.2 TUBRESHEET CREVICE:.sasssnassnnnnnann
9.2.5 SLUDGE PILE REGION«..:esasusancnansnss
9.2.4 TSP INTERSECTION..:cevscecsanvennanns

.3 DENTINGeuuwuwussasossanassassannannasnssssnnsns
9.4 CORROSION FATIGUE. . ccorconnsnncsanannsnnanns
9.5 EROSION-CORROSION...cevccanencannnnnunasansne
9.4 PITTING..sassancsnscesnmosnannovannoncsnenns
P.7 WASTABGE. s e ewesocasnsvansasnannnssnensnansnas
P.8 WEAR.::cesenavsneavassananansasnansssansnnans
9.9 OTHER SECONDARY SIDE FROBLEMS.........c....

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED:+scesnsesnsaananasansas
10.2 TOTAL TUBES SLEEVED. «cessesssenssassanaunns
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3

11.4

11.

w

11.6
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DOMINION ENGINEERING, INC.
EFPRI/SGOG II1 CRACKING SURVEY
GRAVELINES B3 ’

1. PFLANT DESCRIFPTION -
1.1 FLANT NAME AND UNIT NO.uweweecasesssssasssss GRAVELINES B3

02 UTILITY.wvessescsasennannasonsssennsacnaanns EDF
1.7 NSSS SUFFLIER:.cossssaunsansavansanssssass=s FRAMATOME
1.4 ELECTRIC FOWER RATING (MWE)..:scavanassssee T10
1.5 THERMAL FOWER RATING (MWT)ivesnanaaasnveans
1.6 DATE OF COMMERCIAL OPERATION....cicaceaassae 2/18/81
2. STEAM BENERATOR GENERAL INFORMATION

{ NUMBER OF STEAM GENERATORS...sscaaseceueese 3
? STEAM GENERATOR TYPE..uuseescasscssnasaassae RWOE
% STEAM GENERATOR MODEL NO....cvceeacnsansnee SiM

4 STEAM GENERATOR FABRICATOR/LOCATION........ FRAMATOME
.5 DATE OF STEAM GENERATOR COMPLETION.........
E

(S SIS I O]

T. STEAM GENERATOR DIMENSIONS

3.1 TUBESHEET THICKNESS (inches)..cceessccaanes

=.2 TUEE QUTSIDE DIAMETER (inchesS)..c.ssescsenes 875
3.3 TUBE WALL THICKNESS (inches)..iescssscassass 2050
3.4 NUMBER OF TUBES PER STEAM GENERATOR..:..... 3388
7.5 TUBE PITCH (inCHES)esccansncacssasvassassss 1,281
3.6 TUBESHEET RADIAL CREVICE (inches)iscscaessse 0000
3.7

DEFTH OF TUBESHEET CREVICE (inches)...ss... 00.00

STE

4.1 TUBESHEET MATERIAL.vecscsrassrannsnnnesonns

4.2 TUBE SUFFORT FLATE MATERIAL....eeeuenss

4.3 TUBE MATERIAL.uercsscosnsnnnnsannonnns ALLOY 600
4.4

4.5

TUBE SUFPPLIER.«ecsesoasnaasssacanars~snanss YALLOUREC
DATE OF TUBE MANUFACTURE. scsveasecerancanns

5. TUBE MATERIAL PROFPERTIES
5.1 ASTM GRAIN SIZE RANGE...vcscecscsccaanvsnns
5.2 CAREBON CONTENT RANGE (percent).ccacacccenas
5.3 YIELD STRESS RANGE (kSi)easaasaravosvaccaans
S.4 MILL ANNEAL TIME/TEMP (min/deg Flec.cessesn

4. TUBE EXFANSION PARAMETERS

6.1 TYPE OF EXFANSION FROCESS.ssessaacssse-usss FULL ROLL/DAM
.? RADII OF ROW 1 AND 2 U-BENDS (inches)......
6.5 PROCESS USED TO FORM BENDS..:ceveucenansnss

6.4 STRESS RELIEF AFTER TUBING (hours/deg F)... NONE

7. GSTEAM GENERATOR OFERATING PARAMETERS
7.1 PRIMARY COOLANT FRESSURE (PSi)eeesscassenas 2248

7.2 HOT LEG INLET TEMFERATURE (deg Flscesiaa-ae 613
7.3 COLD LEG OUTLET TEMPERATURE (deg Fl........ 3546
7.4 HOT LEG HEAT FLUX (BTU/br/ft"2)csccnsnannns
7.5 COLD LEG HEAT FLUX (BTU/hr/ft"d)cecnscceann
7.6 STEAM GENERATOR OFERATING TEMF. (deg F).....
7.7 STEAM GENERATOR OFERATING FRESS. (psil)...... 840
7.8 TYFICAL SLUDGE PILE DEPTH (inches)..seceaas
7.9

WATER CHEMISTRY.:ciuanveannsaaannnseasassssa AVT ONLY ‘
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POMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
GRAVELIMNES R3

8. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITION. cuveuwaenncvnon
.2 EXFANDED REGION.¢: vt nereneaenanann
S U-EEND TRANSITION. «1ueuvenannoennes
4 U-BEND AFPEX-DENTING RELATED........
S U-BEND AFEX-NOT DENTING RELATED....
6
7

J

. TSF INTERSECTION-DENTING RELATED...
) FLUGS. s venseassaanannnenananaenana

8.2 THER FRIMARY PROBLEMS(e.g. sulfur attack)

EFFD

YES

to ist observation)

?. REFORTED SECONDARY SIDE PROEBLEMS(Yes/No,Date or EFFD to 1st cbservation)

9.1 SECONDARY SIDE IGSCC
F.1.1 EXFANSION TRANSITION. .. ceceersuonens
?.1.2 TUBESHEET CREVICE. «cv vt vennnnanra
?.1.7 SLUDGE FILE REGION. .. v enennenna
9.1.4. TSP INTERSECTION..ccavanceanassnnas
2.2 INTERGRANULAR ATTACK (IGA)
?.2.1 EXFANSION TRANSITION.:eavwesasronses
2.2 TUBESHEET CREVICE. ... veceennwsncans
?.2.2% SLUDGE PILE REGION. .o i annereeens
F.2.4 TSF INTERSECTION....veceuncnnnacnns

F.7 DENTING.euenv it eanuneaanasnannonnnsnnns
7.4 CORROSION FATIGUE. . cuauneessannncancanmans
?.5 EROSION-CORROSION. . «.vtavnrcaanaacnanassnan
Fed PITTING:uwawesacaanssanaanaansscensnananoaans
?.7 WASTAGE. ... . ceriunosersesannnsosnsnaansnnssns
7.8 WEAR..wviieiasrosaaesnnnssnssnssnccannsens
2.9 O0OTHER SECONDARY SIDE PROBLEMS. . ee.iceesenea

10. INSERYICE REMEDIAL MEASURES
10.1 TOTAL TUBRES FLUGGED..... s sireruressanansn
10.2 TOTAL TUBES SLEEVED. . e cesenessanacancanss
10.% OTHER (tube expn.,stress relief,peening)..

11. NOTES
11.1
11.2
11.3

11.4

11.

]

11.6
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DOMINION ENGINEERING, INC.
EFRI/SGOG II1 CRACKING SURVEY
GRAVELINES E4 '

i

FLA
1.1
1.2
1.7
1.4
1.5
1.6

NT DESCRIFTION

FLANT NAME AND UNIT NO..v-eeaanarsanonsnans

UTILITY e e us e snnconaneennsnsnsennsanssannnan
NGSS SUPFLIER. . ecvieceeersannnenssacnnaannna
ELECTRIC FOWER RATING (MWE) ... veeevnsnavan
THERMAL FOWER RATING (MWT) ... renvannanes

DATE OF COMMERCIAL OFERATION. . vevvvaesaoenn

STEAM GENERATOR GENERAL INFORMATION

2.1
D2
Low il

-

.4

.3

MR

NUMBER -OF STEAM GENERATORS. vt esvvnnnsanas
STEAM GENERATOR TYPE..ec:usnnsnrassnannasas
STEAM GENERATOR MODEL NOsasevsvesnanssnaans
STEAM GENERATOR FAEBRICATOR/LOCATION...«caas
DATE OF STEAM GENERATOR COMPLETION....vs...

STEAM GENERATOR DIMENSIONS

.1

A
NOO AR

L L i 0

TUBESHEET THICKNESS (inchesS).iscessscsasnaas
TUBE QUTSIDE DIAMETER (inches).cuassaasaaes

“TURE WALL THICKNESS (inches)...cciccienranens

NUMBER OF TUEBES PER STEAM GEMERATOR..:asa.-
TUBE PITCH (incheS) saueersrnsssannannsnranns
TUBESHEET RADIAL CREVICE (incheS)icaacaaa..
DEFTH OF TUBESHEET CREVICE (inches)........

STEAM GENERATOR MATERIALS

4.1

N R
Ul D oid R

c

$old B
m

o~ aaam A
IC « 2 =
Lol ¢

m

6.2
b3
6.4

TUBESHEET MATERIAL ... cvensnvennsssnaasnanaa
TUBE SUPPORT FPLATE MATERIAL. . ueracaacnannss
TUBE MATERIAL. ... satevensananensnnannnnans
TUBE SUPPLIER. ... tccevvasanasesaananaannnns
DATE OF TUBE MANUFACTURE...ivivscnacccnnnan

MATERIAL PROFERTIES

ASTM GRAIN SIZE RANGE....cieieunennaannanas
CAREOM CONTENT RANGE (percent).sccesessnans
YIELD STRESS RANGE (ksSi)eeue.aeussassancennna
MILL ANNEAL TIME/TEMP (min/deg Fl.voevesne..

EXFANSION FARAMETERS

TYFE OF EXPANSION FPROCESS.vueresevsanvencas
RADII OF ROW 1 AND 2 U-BENDS (inches)......
FROCESS USED TO FORM BENDS...ceececnercanns
STRESS RELIEF AFTER TUBING (hours/deg F)...

STEAM GENERATOR OFERATING PARAMETERS

7.1

L ONOCWU PR

NNNSNNNNSN

FRIMARY COOLANT PRESSURE (PSi)icescaasvnans
HOT LEG INLET TEMFERATURE (deg Fl.cioae..n. .
COLD LEG OUTLET TEMPERATURE (deg Fl...aa...
HOT LEG HEAT FLUX (BTU/hr/ft"2)..... Cesenen
COLD LEG HEAT FLUX (BTU/hr/ft"2)ieeacrvaans
STEAM GEMNERATOR OFERATING TEMF. (deg F).....
STEAM GENERATOR OPERATING PRESS. (pSi)ae....
TYFICAL SLUDGE PILE DEFTH (inchesS)a.se-aas.
WATER CHEMISTRY. cavevanwvonnens cnssasnenn -

D-60

GRAVELINES E4
EDF

FRAMATOME

10

?/11/81

=

RWOE

S1iM
FRAMATOME

.875
030
88
1.281
Malelale]
Q0. 00

ALLAOY &OO
WEST/VALLOUREC

FULL ROLL/DAM
2.1875,3.4685

NONE
2248

613
S46

840

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGOG Il CRACKING SURVEY
GRAVELINES E4

8. REFORTED FRIMARY SIDE FROEBLEMS (Yes/No, Date or EFFD to lst observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXPANSION TRANSITION. . ccsenssesensas

8.1.2 EXFANDED REGION..wsuveesvasnecnsnanns
9.1.7 U-BEND TRANSITION. .. ueeenoavneunnns
8.1.4 U-BEND AFEX-DENTING RELATED. sveceeus
8.1.5 U-BEND APEX-NOT DENTING RELATED.....
B8.1.6 TS5F INTERSECTION-DENTING RELATED....
8.1.7 PLUBS.e.vevevsarsnecssnnsanesnanansen
8.2 OTHER FRIMARY PROBLEMS(e.g. sulfur attack).

9. REPORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFPD to lst observation)
?.1 SECONDARY SIDE IGSCC
P.1.1 EXFPANSION TRANSITION...vivenceensvns
9.1.2 TUBESHEET CREVICE..cvsrnrccccannnnss
?.1.3 SLUDGE PILE REGION..scusaansenncnnss
?.1.4 TSP INTERSECTION..ucscerersnnnsananan
2.2 INTERGRANULAR ATTACK (IGA)
?.2.1 EXPANSION TRANSITION«.:ccuascvannsan
9.2.2 TUBESHEET CREVICE. . tccvsnsnassannans
9.2.7 SLUDGE PILE REGION..c.cveeasvenannes
?.2.4 TSP INTERSECTION....v.vacocssenveans
DENTING. s v vnusansennsnvasananesanansanssenne
CORROSION FATIGUE. s cvcenncoesvsancenaoannans
EROSION—CORROSION. . cesuenevnaasssnvansunnnne
PITTING. s acasoveaanvssacnnacnoncanasannunsas
WASTABGE. s vcasnearecsnassasonsnnnanaanaannns

WEAR. cvevsveasuenvsevesnsannesssnnarasnssnns

OTHER SECONDARY SIDE PROBLEMS....ussecccnns

g00V000-90
RUNTURN I G R |

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED: . .ccscrncessancnccsaanns
10.2 TOTAL TUBES SLEEVED. .. ceesnrcsnacsanannnans
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3

11.4

11.

w

11.6

D-61



DOMINION ENGINEERING, INC.
EFRI/SGOG II1 CRACKING SURVEY
IKATA 1

LANT DESCRIFTION

UTILITY . isu s v e nmnns hseemmaraunans
NSSS SUFFLIER. v st eeasnssnconanaas
ELECTRIC FOWER RATING (MWE)......
THERMAL FOWER RATING (MWT).......

F
1
1
1.
1
1
1. DATE OF COMMERCIAL OFPERATIOM.....

D‘ [ ISR 8

TEAM GENERATOR GENERAL INFORMATION

.1 NUMEBER OF STEAM GENERATORS.......
2 STEAM GENERATOR TYFEs::oewsaacnnna
.3 STEAM GENERATOR MODEL NO.........

3] iJ I--J b-J iJ U]

TEAM GENERATOR DIMENSIONS

Nk~ M

TURESHEET RADIAL CREVICE ({(inches)

AU L b L )

K
Ul

STEAM GENERATQOR MATERIALS

TURE SUFFORT FLATE MATERIAL......

BERbE D
Wbl by

DATE OF TUBE MANUFACTURE....... -

cC

EoRE IS B o s
m

MATERIAL FROFERTIES
ASTM GRAIN SIZE RANGE. .. ....cc.ca
CARBON CONMTENT RANGE (percent)...

o

i

c
m

EXFANSION PARAMETERS

o~ o0 0
H AR D

d
iJ

. TEAM GENERATOR OFERATING FARAMETERS

NN N NN N NN
QO~NOU R R

WATER CHEMISTRY . dausinioannaenans

D-62

DEFTH OF TUBESHEET CREVICE (inches)..

YIELD STRESS RANGE (ksi)....cecauas
MILL ANNEAL TIME/TEMF (min/deg F)..

TYFE OF EXFANSION FROCESS..aecea...
RADII OF ROW 1 AND 2 U-BENDS (inches)......
FROCESS USED TO FORM BENDS. .. ccasrevesnsuns
STRESS RELIEF AFTER TURING t(hours/deg F)...

FRIMARY COOLANT FRESSURE (psSi).....
HOT LEG INLET TEMFERATURE (deg Fl..scsuaaans
COLD LEG OUTLET TEMFERATURE (deg F)..
HOT LEG HEAT FLUX (BTU/hr/ft™2)..cveiaansnn
COLD LEG HEAT FLUX (BTU/hr/+ft™2)...
STEAM GENERATOR OFERATING TEMF. (deq@ Fl.ses.
STEAM GENERATOR OPERATING FRESS. (pSil)......
TYFICAL SLUDGE FILE DEFTH (ipcheS)asesua..-

FLANT NAME AND UNIT NOw.cvasoaananrsaacnsnas

.4 STEAM GENERATOR FAERICATOR/LOCATION...cua...
5 DATE OF STEAM GENERATOR COMFLETION.........

TURESHEET THICKNESS (incheésS)..ceesvasannann
TUBE OUTSIDE DIAMETER (inches).....
TUEE WALL THICKNESS (inches).isscccvvaaanens
NUMEBER OF TUBES FER STEAM GENERATOR........
TUBE FITCH (inchesS)cissasscansnannes

TUBESHEET MATERIAL....... sensenesencarnoene

TUEBE MATERIAL.~«.. Cerssssnscesecanmnn cesana
TUBE SUFFLIER. vs vt essosnonsnnnannsnnnnss

IKATA 1

SHIKOKU ELECTRIC
MHI

366

1630

/13777

2

RWOE

S1

MHI
11/715/75

21.6
. 875
. Q50
388
1.281

Q0. 00

FORG.STL.

Cs

ALLOY 600

SUMITOMO
1/15/73

9
0.0F%
42.7
1780

FULL DEFTH ROLL
2.1873,3.44685
CYL.FLAST.MNDRL
NONE

Lol ¥ B
gty g

613

S50

524
839

AVT ONLY



DOMINION EMGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY

IEATA 1
8. REFOR
8.1
8.2
9.

10.

i1.

REFORTED SECONDARY SIDE FROELEMS(Yes/No,Date or EFPD to 1st observation)

?.1

N N O R

NoJRNs RN RN 1N | B R

TED FRIMARY SIDE FROBLEMS
FRIMARY SIDE IGSCC

(Yes/No,

sul fur attack).

8.1.1 EXFANSION TRANSITION.

8.1.2 EXFANDED REGIOM.......

8.1.3 U-BEND TRANSITION....

8.1.4 U-EEND AFEX-DENTING RELATED. e isca--n
8.1.% U-EEND AFEX-NOT DENTING RELATED.....
8.1.46 TSP INTERSECTION-DENTING RELATED....
g.1.7 PFPLUGS.«...-.. cenmemans

OTHER FRIMARY FPROBLEMS(e.g.

SECONDARY SIDE IGSCC

9.1.1 EXFANSION TRANSITION..
9.1.2 TUBESHEET CREVICE..cevasnoan
9.1.7% SLUDGE FILE REGION....scsean

9,1.4 TSP INTERSECTION.....
INTERGRANULAR ATTACK (IGA)
9.2.1 EXFANSION TRANSITION.
.2.2 TUBESHEET CREVICE....
.2.5
9.2.4 TSP INTERSECTION.....
DENTING. vesnarsesvonnnnanaans
CORROSION FATIGUE....... .
EROSIOM-CORROSION: s a v cenasns
PITTING. s vuee- cee e .o
WASTAGE. -« - -« -
WEAR. v evesanss ceeenmsneaann

SLUDGBE FILE REGION....

DTHER SECONDARY SIDE PRDBLEMS.....

INSERVICE REMEDIAL MEASURES

10,1

10.2

NOTES
t1.14

11.2

11.3

11.4

11.6

TOTAL TUBES FLUGGED. .« «suvss

TOTAL TUBRES SLEEVED.«.csssassessenananasvns
10.3 OTHER (tube expn.,stress relief,peening) ...

D-63

Date or EFFD to

YES
YES

YES

173
14

(AVE)

1st observation)



DOMINION ENGINEERING,

INC.

EPRI/SGOG II CRACKING SURVEY
IEATA 2 :

LANT DESCRIPTION

4 ELECTRIC POWER RATING

1
«2 UTILITY...
2 THERMAL FOWER RATING

E
1
1
1.3 NB5S SUFFLIER..
1
1
1

(MWE) oo uu.s
(MWT) wawenw

.6 DATE OF COMMERCIAL OFERATION.....

STEAM GENERATOR GENERAL INFORMATION

QRSN SHAN A

Ul kY-

TEAM GENERATOR DIMENSIONS
TUBESHEET THICKNESS
TUBRE OUTSIDE DIAMETER

TURE WALL THICKNESS

TUEE PITCH (inches)......
TURESHEET RADIAL CREVICE
DEFTH OF TUBESHEET CREVICE

A L A D

NOUhAdRE-~M

STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL.cevsvraaa

MUMEER OF STEAM GENERATORS.......
STEAM GENERATOR TYFE.:eweonnsaven-
STEAM GENERATOR MODEL NO:eewveesacnas
STEAM GENERATOR FABRICATOR/LOCATION..
DATE OF STEAM GENERATOR COMFLETION...

FLANT NAME AND UNIT NO.wewwcaswmee.

(inches).vae..
(inches)...a.e..
(inchesS) ceeuennea
NUMEER OF TUBES FER STEAM GENERATOR..

{inches)....

(inches)..

4.2 TUBE SUFFORT FLATE MATERIAL......
4.3 TUBE MATERIAL:.sevsnesvanmenss

4.4 TUBE SUFPFLIER. .« v sssasacoancaanes
4.5 DATE OF TUBE MANUFACTURE...

cC
m

MATERIAL PROFERTIES
ASTM GRAIN SIZE RANGE......
CAREON CONTENT RANGE
YIELD STRESS RANGE
MILL ANNEAL TIME/TEMP

arawmaA
S =

(hours/deg F

STEAM GENERATOR OFERATING FARAMETERS

7.1 FPRIMARY COOLANT FRESSURE
HOT LEG INLET TEMFERATURE

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

BTN I & SR 8

TYFICAL SLUDGE PILE DEPTH
WATER CHEMISTRY. e :caaua.

NNN NN

(psi)
(deg F)..
(deg F)...
(BTU/hr/7ft"2) wnu
(BTU/hr/+t"2) v uuaus
STEAM GEMERATOR OFERATING TEMF. (deg F)
STEAM GENERATOR OFERATING PRESS. (psi)
(inches)

COLD LEG OUTLET TEMFERATURE

D-64

(parcent).cve.aa.
(ES1)eewennnnnnnns
(min/deg F)ueas.-

TUEE EXFANSION FARAMETERS

6.1 TYPE OF EXPANSION PROCESS. s ccsvencens
6.2 RADII OF ROW 1 AND 2 U~BENDS

6.3 PROCESS USED TO FORM BENDS..

6.4 GSTRESS RELIEF AFTER TURING

(inches)...

IKATA 2

SHIKOKU ELECTRIC
MHI

266

3/15/82

RWOE

S1M

MHI
8/15/80

.875
050
382
1.281
L QOO0
Q0. 00

SA 208

Cs

ALLOY &Q0
SUMITOMO
11/15/78

9
0.016
42.7
1760

F.D.ROLL-RUBBER
2.1875, 7. 4685
CYL.FLSTC. MNDRL




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
IKATA 2

10.

11.

REFORTED FRIMARY SIDE PROBLEMS (Yes/Na, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITION......... cemeaen

8.1.2 EXFANDED REGIOM. . ccuoscnonancencens

8.1.7 U-BEND TRANSITION.:cesscasanrscsnnans
8.1.4 U-BEND APEX-DENTING RELATED........-.
8.1.5 U-BEND AFEX—-NOT DENTING RELATED.....
g.1.6 TSP INTERSECTION-DENTING RELATED....
8.1.7 PLUBS.wescsesessssssnsssssanaannanns
8.7 OTHER FRIMARY PROBLEMS(e.g. sulfur attach).

REPORTED SECONDARY SIDE PROELEMS (Yes/No,Date or EFFD to ist observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION. . scuceeccannaan
9.1.2 TUBESHEET CREVICE.ccvisrecacrsoanvas
9.1.37 SLUDGE FPILE REGION..usouecnnneansnes
9.1.4 TSP INTERSECTION.ssesveacassnsccanns
9.2 INTERGRANULAR ATTACEK (IGA)
9.2.1 EXPANSION TRANSITION...cenveaacaacans
2.2 TUBESHEET CREVICE. .. cevecserncsanans
9.2.3% OSLUDGE PILE REGION..ccseasvnacanrens
F.2.4 TSF INTERSECTION..cesccscnnenvasanns
DENTING. s scevsasanssenananannsnsnanussnnnns
CORROSION FATIGUE. . ccenasennenscnansvnnaas
EROSION-CORROSION. c s vouevnvensanosasssnannan
FITTIMG. cecuesnsanassonasnnaneseansnancsnnnnas
WASTAGE . c cssnsanmsenncunsnnsnassnanssaneannsns

WEAR.uesessssccasnssssnasnnasvsasnanuannnans

OTHER SECONDARY SIDE FROBLEMS.:..ceoveacaans

90909000
D ONO WP

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES FLUGGED. s s cnsssennsssasassnsnns
10.2 TOTAL TUBES SLEEVED. .. ce-csennonansnanasaans
10.7% OTHER (tube expn..stress relief,peening)...
NOTES

11.1

11.2

11.73

11.4

11.5

11.6
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DOMINION ENGINEERING, INC.
EFRI/SGOG I1 CRACKING SURVEY
INDIAN FOINT 2

1. FLANT DESCRIFTION
1.1 PLANT NAME AND UNIT MO..sewvaaancaasrasncns INDIAN FOINT 2
1.2 UTILITY.ereeencanecnenusunansnsnannarsassasas CON. EDISON
1.7 NSSS SUFFLIER. cvevtvnnasnannnsnnassasnnane= WESTINGHOUSE
1.4 ELECTRIC FOWER RATING (MWE) «:ivaeeeannesu-aa B77
1.5 THERMAL FOWER RATING (MWT)au.ieeeeenannenna. 2758
1.6 DATE OF COMMERCIAL OPERATIOM.....evvusecesee B8B/15/73

Z. STEAM GENERATOR GEMERAL INFORMATION

MUMEBER OF STEAM GENERATORS. .. tonsssvaaaean 4

STEAM GENERATOR TYFE.. .. vevassvannanannees RWOE

STEAM GENERATOR MODEL NO.svesesscnescannaee 44

STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
DATE OF STEAM GENERATOR COMFLETION......... //

bR

R IR R ED

3. GSTEAM GENERATOR DIMENSIONS

F.1 TUBESHEET THICKNESS (inches)...isienceeasanss 22.0
3.2 TURE OUTSIDE DIAMETER (inches).......... cee 873
3.3 TUBE WALL THICKNESS (inches)..ccessansceasas 050
3.4 NUMBER OF TUBES FPER STEAM GENERATOR........ 3260
F.9 TUBE PITCH (inches)...eeensrecnncansannansa 1._9
T.6 TUBESHEET RADIAL CREVICE (inches)...cccaa.. 0060
Z.7 DEPTH OF TUBESHEET CREVICE (inches)........ 18.00
4. STEAM GEMERATOR MATERIALS
4.1 TUBESHEET MATERIAL...... csessssssnnaressasss. FORG. STL.
4.2 TUBE SUFFORT PLATE MATERIAL..cssuneneeseaa. C8
4.7 TUBE MATERIAL. .. evessvaanannencssnnans==sss ALLOY &00
4.4 TUBE SUPPLIER. . ¢.iveennns Tececesnraannasasss WESTINGHOUSE
4.5 DATE OF TUEBE MANUFACTURE. .cccavvennnunsnsna //
S. TUBRE MATERIAL FROPERTIES
J.1 ASTM GRAIN SIZE RANGE. v s cctavanannansssvans
5.2 CARBON CONTENT RANGE (percent)..ccevicieccen.
Z.2 VYIELD STRESS RANGE (ksi)..... cesessaaaeaae s
J.4 MILL AMNEAL TIME/TEMP (min/deg Fl.....c.u...
6. TUBE EXPANSION PARAMETERS
6.1 TYFE OF EXPANSION PROCESS...ecseasesnsseva. FART DEFTH ROLL
4.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.1875,3.4685
6.7 FROCESS USED TO FORM BENDS......... sessea-- W BALL MANDREL
6.4 STRESS RELIEF AFTER TURING (hours/deg F)... NONE
7. GSTEAM GENERATOR OFERATING FARAMETERS
7.1 FRIMARY COOLANT FRESSURE (PSi)ivcvevesnness 2235
7.2 HOT LEG INLET TEMFERATURE (deg Fliwswe-nen. 576
7.3 COLD LEG OUTLET TEMFERATURE (deg F)........ 523
7.4 HOT LEG HEAT FLUX (BTU/hr/ft ) e vusnnnnan 113000
7.3 COLD LEG HEAT FLUX (BTU/hr/ft™2)ceuueenessns
7.4 STEAM GENERATOR OFERATING TEMF. (deg F)..... 306
7.7 BTEAM GENERATOR OFERATING FRESS. (psi)...... 704
7.8 TYFPICAL SLUDGE FILE DEFTH (inches).........
7.2 WATER CHEMISTRY.uecieeovanunranns . «» EARLY FHOS,AVT, BEORON ‘

D-66




DOMINION ENGINEERING, INC.
EFRI/SGOG Il CRACKING SURVEY
INDIAN POINT 2

g. REPORTED FRIMARY SIDE FPROBLEMS (Yes/No, Date or EFFD to lst observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION: .2 ssvouveaanaa
EXFANDED REGIOM. . ccaw.. creaassesenna
U~BEND TRANSITION. cureseonau-ssnanss
U~BEND AFEX-DENTING RELATED.««c:aaus
U-EBEND AFEX-NOT DENTING RELATED.....
TSF INTERSECTION-DENTIMG RELATED....
FLUGS . s e s wawass heassesssanesenenanan
FRIMARY PROBLEMS(e.g. sulfur attack).

TN o U R

8.2

9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXFANSION TRANSITION..cacvaveesannas
9.1.2 TUBESHEET CREVICE. i avceesunaaaannnna
9.1.% GSLUDGE FILE REGION«.«ccesanussaananns
9.1.4 TSF INTERSECTION....ccenavcnacnsanss
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION...ccaassanasnns
9,2.2 TUBESHEET CREVICE..ccuvoraasanannnas
.2.% SLUDGE PILE REGION...ccsnveasonoacnss
92.2.4 TSF INTERSECTION..e:vcenssserenanens

9.7 DENTING.cus.aans Weesassseasssencrsnnsssansas YES (SEVERE)
.4 CORROSION FATIGUE. s e ceeererssvannancecnsns

2.5 ERQSION-CORROSION...v....- asesansunranEnns

9.ty FPITTING.:veesrenananernssannnsasnnnsnsnecanns YES

9.7 WASTAGE...... W teanurerecsasnssasennsenaarss YES

?.8 WEAR.veveoeouvans theessaesesmesnasurmsananana

9.9 OTHER SECONDARY SIDE PROBLEMS....cssscaasnn

10, INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGBED.«ccsssaosnsscnonaancenns 492
19.2 TOTAL TURES SLEEVED. . csvvesvacnnannnasanes
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES

11.1

11.2

11.3

11.4

11.

a

11.6

D-67




DOMINION ENGINEERING, INC.
EFRI/S606 II CRACKING SURVEY
INDIAN POINT 3= -

i

o

bR PD

FLANT DESCRIFTION :
FLANT NAME AND UNIT MO.uuvweesnvananannsna

1.1

e
.

SOl o B S O o]

UTILITY e o naseneaeneaaannsacanancennnns

NSSS SUFPLIER. . evecessanensssnnunnnaans
ELECTRIC FOWER RATING (MWE) . «covuwnsnas
THERMAL FOWER RATING (MWT)eecwevenvans
DATE OF COMMERCIAL OFERATION..¢.ceweo-

STEAM GENERATOR GENERAL INFORMATION

2.1
2o
Lol

k3 B3 R
[ =]

NUMBER OF STEAM GENERATORS.:cseacaaess
STEAM GENERATOR TYPE. .. ceicacasnannnns
STEAM GENERATOR MODEL NO«eeeceacoaansne
STEAM GENERATOR FABRICATOR/LOCATION...
DATE OQF STEAM GENERATOR COMFLETION....

STEAM GENERATOR DIMENSIONS

3.1

~NOU R

PR R R I R

E
1

e
]

[
m

mad S
LR~ m

[

B id R I
m

oo o -

T

NONOA LR~

NNNNNSNNNNWM

TUBESHEET THICKNESS (inchesS).caccaasas
TURE OUTSIDE DIAMETER (inchesS) ceceecauns
TURBE WALL THICKNESS (incheS)..suecesass
NUMBER OF TUBES PER STEAM GENERATOR...
TUBE PITCH (incheS) vsneecsavacannrancs
TUBESHEET RADIAL CREVICE (inches).....
DEFTH OF TUBESHEET CREVICE (inches)...

TEAM GENERATOR MATERIALS

TUBESHEET MATERIAL . vvevuvnnssnanonenns
TUBE SUFFORT PLATE MATERIAL....cccuasa
TUBE MATERIAL.ussssseavuasasrnnannanes
TUBE SUPPLIER:. et unsesaeasanansnnnanns
DATE OF TUBE MANUFACTURE. cccsacasnnans

MATERIAL FROFPERTIES

ASTM GRAIN SIZE RANGE. . cereesvncaamuses
CAREON CONTENT RANGE (percent).cccec..
YIELD STRESS RANGE (kSi).iewceennscaace
MILL ANNEAL TIME/TEMF (min/deg Flaiaaa.

EXFANSION PARAMETERS

TYFE OF EXPANSION PROCESS..casseaessse
RADII OF ROW 1 AND Z U-BENDS (inches).
FROCESS USED TO FORM BENDS...veavcevess

STRESS RELIEF AFTER TUBING (hours/deg F).

AM GENERATOR OFPERATING FARAMETERS

FRIMARY COOLANT PRESSURE (PSi)eucaasss.

HOT LEG INLET TEMFERATURE (deg Fl.......

COLD LEG QUTLET TEMFERATURE (deg F)...

HOT LEG HEAT FLUX (BTU/hr/ft“E).....,...

COLD LEG HEAT FLUX (BTU/hr/+t"2)uea.as..

STEAM GENERATOR OFERATING TEMF. (deg F)..

STEAM GENERATOR OFPERATING FRESS. (psi).
TYFICAL SLUDGE PILE DEFTH (inches)....

WATER CHEMISTRY. . ceienneansunsnnnssncanansas

D-68

INDIAN .FOINT. =
FASNY
WESTINGHOUSE
9463

B/15/76

4

RWOE

44
WESTINGHOUSE
/7

22.0

.875
<050
3260
1.234
. QQ80
19.00

SA S08

cs :
ALLOY 600
WESTINGHOUSE
7/

=10
1700-1760

FART DEFTH ROLL
2.188,3.47

W BALL MANDREL
NONE

PO T )

&O0Q
T TR

w
g
3]

10-12
AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGO6 II CRACKING SURVEY
INDIAN POINT 3

9. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1st observation)
8.1 PFRIMARY SIDE IGSCC ’

8.1.1 EXFANSION TRANSITION........ P .
8.1.2 EXFANDED REGION...a:ca.. shensasensas
8.1.3 U—BEND TRAMSITION. s ccevevvanaacannas
8.1.4 U-BEND AFEX-DEMTING RELATED....¢c..-
8.1.5 U-EEND AFEX—-NOT DENTING RELATED.....
8.1.6 TSP INTERSECTION-DENTING RELATED....
8.1.7 FLUBS. . i ceusnsssvnsnnassncsasnsansnas
8.7 OTHER FRIMARY PROBLEMS(e.g. sulfur attack).

9. REFPORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION. ...t vnacecasnns
5.1.2 TUBESHEET CREVICE.:cecscasuvanncssans
9.1.3 SLUDGE PILE REGIOM...:ecssssas-=ases YES
9.1.4 TSP INTERSBECTION: ceceevivernnaanannans
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXFANSION TRANSITION..:esovnneasaans
2.2 TUBESHEET CREVICE. «:vesveanvnascaanns
.2.% SLUDGE PILE REGION....cuceveroancnans
2.4 TSP INTERSECTION..esvsescasanccannas
DENTING. ecenseevocnasnscansassassaonsnsansans YES
CORROSION FATIGUE. . v csvsanssusansscnvansons
EROSIDN—CDRRDSIDN........................;.
FITTING. cavosnovansanns wosesssesamevsasesas YES
WASTABE. cvanssanssnsssssssssarnnsnansncnoas

WEAR. . s causavrssscsssassnasnrnsannnessnsens

DTHER SECONDARY SIDE PROBLEMS. ..c.veecvcens

go9gVo00Q
QONDOPL

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED. ecsansesssnssnaneansanss 203T
13,2 TOTAL TUBES SLEEVED. s rccassssassannsassmnoss 2970-12/8%
10.% OTHER (tube expn.,stress relief,peeningl...

11. NOTES
11.1
11.2

11. 32

11.4

11.6

D-69



DOMIMNION

ENGINEERING, INC.

EFRI/SGOG 11 CRACKHING SURVEY

FEWAUNEE

L

el

= s e s e O
o bR e

NT DESCRIFTION

FLANT NAME AND UNIT NO.cecaeacsanssannnannn
UTILITY .. vauessnansnanonnsnnnsonanasas e
NGSS SUFFLIER. s eocvuceannacnsnsonnnas -

ELECTRIC FOWER RATING (MWE)«ceen.a-.
THERMAL FOWER RATING (MWT)eusesnnans
DATE OF COMMERCIAL OFERATIOM. ««esa.u

?., GSTEAM GENERATOR GENERAL INFORMATION

PRI BRI ORI
A doid R

NUMBER OF STEAM GENERATORS.::cseansn-
STEAM GENERATOR TYPE..vsaewcaccsnaaan
STEAM GENERATOR MODEL NO.....uesvass
STEAM GENERATOR FABRICATOR/LOCATION.
DATE OF STEAM GENERATOR COMFLETION..

I STEAM GENERATOR DIMENSIONS

NOoU R e

e LA L LA

TUBESHEET THICKNESS (inches)........
TURE OUTSIDE DIAMETER (inches)......
TUEE WALL THICKNESS (inches)....«au.
NUMBER OF TUBES FPER STEAM GENERATOR.
TUBE PITCH (inche®) casecensavecaaans
TUBESHEET RADIAL CREVICE (inches)...
DEFTH OF TUBESHEET CREVICE (inches).

4. STEAM BENERATOR MATERIALS

4.1

bbb R

[ SRR 8 )

j

ORI o B 5]
m

g

[y

o R
m

[ o ey |

VRN LN I 11

oo 1 IEN v ol & SR I S R

NN N NN

TURBESHEET MATERIAL o v caeevcnceonnnas
TURE SUFFORT FLATE MATERIAL....cs..-
TURBE MATERIAL. .t ccaancnarcanvsnannan
TUBE SUFPLIER. . ceasasavenssanacnnnns
DATE OF TUBE MANUFACTURE...cveawusns

MATERIAL FROPERTIES

ASTM BRAIN SIZE RANGE. - cvveaeavanan
CAREON CONTENT RANGE (percent)......
YIELD STRESS RANGE (kSi).isuwaaeaneanaas

MILL ANNEAL TIME/TEMP (min/deg F)....

EXFANSION FARAMETERS

TYPE OF EXFANSION FROCESS.seseansanaansn
RADII OF ROW 1 AND Z U-BENDS (inches)...

FROCESS USED TO FORM BENDS...:csaanassaes “s

STRESS RELIEF AFTER TUBING (hours/deg F)

TEAM GENERATOR OFERATING PARAMETERS
FRIMARY COOLANT FRESSURE (pSi).ieso-..-

HOT LEG INLET TEMFERATURE (deg Flaa.aseaaas

COLD LEG OUTLET TEMFERATURE (deg F)...

HOT LEG HEAT FLUX (BTU/hr/ft"2)....
COLD LEG HEAT FLUX (BTU/hr/ft™2)....

STEAM GENERATOR OFERATING FRESS. (psSil...

TYFICAL SLUDGE FILE DEFTH (inches)..

STEAM GENERATOR OFERATING TEMP. (deg F).....

WATER CHEMISTRY.avsnecsanaosacsoananas

KEWAUNEE

WI. PUBLIC SERVICE
WESTINGHOUSE

S35

18650
&/15/74

RWOE

o1
WESTINGHQUSE
/7

21.0
. 875
. Q50
3388
1.281
« Q060
18.00

SA 308

Cs

ALLOY &OOQ
WESTINGHOUSE
//

FART DEFTH ROLL
2.1875,3.4683

W BALL MANDREL
NONE

2233

3599

53

311
775
1.0
EARLY FHOS, AVT




DPOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
FEWAUNEE

11.

REFDRTED FRIMARY SIDE FROBLEMS (Yes/Na, Date or
8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION. v iavscsnvumana
1.2 EXFPANDED REGION. . uesevesssnnesannsns
1.7 U-BEND TRAMSITION. .. cveareconennanas
1.4 U-BEND AFEX-DEMNTING RELATED:s..aasns
1.3 U-BEND AFEX-NOT DENTIMG RELATED.....
.1.6 TSF INTERSECTION-DENTING RELATED....
1.7 PLUGS.. e eisitnasnasscunanessananas
8.2 HER PRIMARY FROBLEMS(e.g. sulfur attack).
REFORTED SECONDARY SIDE FROELEMS (Yes/No,Date or
?.1 SECONDARY SIDE IGSCC
?.1.1 EXFANSION TRANSITION. cssaaassvossans
?.1.2 TUBESHEET CREVICE. .. .savenssasasanna
F.1.3 SLUDGE FILE REGION. .« cceaursnansnans
F.1.4 TSP IMNTERSECTION. ... vsceecuananaosas
2.2 INTERGRANULAR ATTACK (IGA)
©F.2.1 EXPANSION TRANSITION.:.sscuvsssncoan
?.2.2 TUBESHEET CREVICE.vesveacncnnnnenens
9.2.57 SLUDGE PILE REGION..escevruancaaanns
.2.4 TSP INTERSECTION..eiecvvoencsansunns

J R

P.Z DENTIMG. asncvssvessessaconaansavasnananannns
.4 CORROSION FATIGUE. . ... vrcensosanssensansvaveun
.5 EROSIOMN-CORROSION. .. «caaasu. cesssecarasacanas
P.eb FPITTING. e cesenensneanoansnnssnasnnansaanans
F.7 WASTAGE...ivsivenvscnanananssnnsansnasssnns
?.8 WEAR........ RreaEEsasEaseaenssennsannwEnann
7.9 OTHER SECONDARY SIDE PROBLEMS.ucveseaacannn

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES PLUGGED. « v vt e e senanesnnnnannens
10.2 TOTAL TUBES SLEEVED. . e v cvveasusnnoesannsean
10.3 OTHER (tube expn..stress relief,peening)...

NOTES
11.1

11,

3]

11.4

i1.

w

11.6

D-71

EFFD to lst observation)

EFFD to 1st obsetrvation)

YES

YES




DOMINION ENGINEERING,

INC.

EPRI/SG0OG II CRACKING SURVEY
KOREA NUCLEAR 1

FLANT DESCRIFTION

1.1 PLANT NAME AND UNIT NO.:ioeasenvsnsaness
1.2 UTILITYuueeavsnssaanananncannnss .

1.7 NSSES SUFPLIER. .. cerinanansanns v

1.4 ELECTRIC POWER RATING (MWE)..... .

1.5 THERMAL FOWER RATING (MWT)...... .

1.6 DATE OF COMMERCIAL OFERATION.... .

STEAM GENERATOR GENERAL INFORMATION
MUMEER OF STEAM GENERATORS....

[SEONSRONS]

a i

TEAM GENERATOR DIMENSIONS

TUEE OUTSIDE DIAMETER
TUBE WALL THICKNESS

~NOo MRy~ m

TUBE PITCH
TUBESHEET RADIAL CREVICE
DEFPTH OF TUBESHEET CREVICE

Gl G A L G )

STEAM GENERATOR MATERIALS

4.1 TUBESHEET MATERIAL .22 ssenesvevanans

4.2 TUBE SUPFORT FLATE MATERIAL........

4.7 TUBE MATERIAL .. ccvansvenncernncsnncs

4.4 TUBE SUPPLIER...ceceavsvanavaasoans

4.5 DATE OF TUBE MANUFACTURE. ..cesunaanna
TUBE MATERIAL FROFERTIES

S.1 ASTM GRAIN SIZE RANGE...cvcasasuanns

.2 CAREBON CONTENT RANGE (percent).....

9.3 VYIELD STRESS RANGE (kSi)..uiceseencancas
S.4 MILL ANNEAL TIME/TEMP (min/deg Fl......
TUBE EXFANSION PARAMETERS

6.1 TYFE OF EXPANSION FROCESS.visrennarcenas
4.2 RADII OF ROW 1 AND Z U-BENDS .
6.2 PROCESS USED TO FORM BENDS...cunavrensns
4.4 STRESS RELIEF AFTER TUBRING

STEAM GENERATOR OFERATING FARAMETERS

D-72

STEAM GENERATOR TYPE..evaaesanaanans
STEAM GENERATOR MODEL NOw.evoreeoaanan
STEAM GENERATOR FABRICATOR/LOCATION.
DATE OF STEAM GENERATOR COMFLETION..

TUBESHEET THICKNESS (incheS)eeaceess
(inchesS) ceecen
(inches)ce.ceecean
NUMBER OF TUBES FER STEAM GENERATOR.
(INCheS) v nacasasnnannenncs
(inches) ...
(inches)

(inches) ..

(hours/deg F)

(deg F)esu.n

7.1 PRIMARY COOLANT PRESSURE (PSi)evecuvaes
7.2 HOT LEG INLET TEMFERATURE (deg Fl......
7.% COLD LEG OUTLET TEMFERATURE

7.4 HOT LEG HEAT FLUX (BTU/hr/ft™2).c.eae..
7.5 COLD LEG HEAT FLUX (BTU/hr/+t"2).....
7.4 STEAM GENERATOR OFERATING TEMF. (deg F)..
7.7 STEAM GEMERATOR OFERATING PRESS. (psi)..
7.8 TYFICAL SLUDGE FILE DEFPTH (inches).

7.9

WATER CHEMISTRY«u:ectnanasseranoanunsnnenss

KOREA NUCLEAR 1

KOREA ELECTRIC FOWER
WEST INGHOUSE

=87

1729

6/15/78

RWOE
a1

/7

21.0
.875
050
3388
1.281
. QOO0
Q0. 00

FORG.STL.
Cs
ALLOY &Q0

4

FULL DEFTH ROLL
2.1873,73.4485
BALL MANDREL
MONE

Ao
Lal )

507
541

519
8035

AVT ONLY




DOMINION ENGINEERING, INC.
EFPRI/SGOG 11 CRACKING SURVEY
EOREA NUCLEAR 1

8. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to lst observation!
3.1 FRIMARY SIDE IGSCC .
. 8.1.1 EXFANSION TRANSITION.....sc..- cwenne
.2 EXFANDED REGION. ccavcoersnranscenaan
T U-BEND TRANSITION....c.eccaasavsnnnun
4 U—BEND AFEX-DENTING RELATED........s
=  U-BEND AFEX-NOT DENTING RELATED.....
.6 TSP INTERSECTION-DENTING RELATED....
7 PLUBS. e evcusuaroansnansanasanssnunns
8.2 R FRIMARY FROBLEMS(e.g. sulfur attach).
F. REPDRTED SECONDARY SIDE FPROBLEMS(Yes/No,Date or EFFD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXFANSION TRANSITION.:ccsescaann=snn
%.1.2 TURESHEET CREVICE.:cscencenanesanes
9.1.5 GSLUDGE FILE REGION. «easeanvencennans
9.1.4 TSP INTERSECTION..csvescersnssoannnns
9.2 INTERGRANULAR ATTACEK (IGA)
9.2.1 EXPANSION TRANSITION.«scccicunnanaes
2.2 TURESHEET CREVICE...ccswrnnanssaanns
§,2.% GLUDGE PILE REGION.2:cevannacacnnsons
9.2.4 TSF INTERSECTION....coecasasensnansse
DENTING. ccsecrasnasassnssnanansanannssnsssnn
CORROSION FATIGUE. caeesconascaanusnonnnancans
EROSION-CORROSION. . cssasonssnasaoavannsnnan
FITTING: aueeenansnnsnnssnsnonssnesnnasnsnnans
WASTABE . « e caeresnanasasassssensssanssnssnan

WEAR . 2 enensesssasnssosanaansnsseunnnonseenns

OTHER SECONDARY SIDE PROBLEMS....cccevacane

N RN TR R U TR 1]
Bel RN o 4 R ]

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED. :uscssssssenonnvacacnas
10.2 TOTAL TUBES SLEEVED..«cacsenvsc--n esseascana
10.T OTHER (tube expn.,stress relief,peening)...

11. NOTES

11.1

11.2

11.3

11.4

11.

4

t1.6
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DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
ERSEO

1. FLANT DESCRIFTIOCN
1.1 PFLANT NAME AND UNIT NO..o.wieoveaaan .
1.2 UTILITY.a.vcovntnncnnnnnnnnaansannanaes
1.7 NSESS SUPFLIER. v evecenoansnansnnnnns
1.4 ELECTRIC FOWER RATING (MWE)....caan.s
1.5 THERMAL FOWER RATING (MWT)..aceu.eans
1.6 DATE OF COMMERCIAL OFERATION........

)

AR SESNSES]
[ R I O

3. STEAM GENERATOR
TUBESHEET THICKNESS

TUBE WALL THICKNESS

TUBRE FITCH

Nk e

DR R P R R |

STEAM GENERATOR MATERIALS

=Y
-

TUBE MATERIAL....

o
a b )

C

fa e B)o-
m

MATERIAL FROPERTIES

]

CAREON CONTENT RANGE
YIELD STRESS RANGE

(o aen

c

k] = m
m

EXFANSION FARAMETERS

RADII OF ROW 1 AND 2

oo 0 A

~l

TEAM GENERATOR OFERATING

HOT LEG HEAT FLUX

E
1
4
.5 COLD LEG HEAT FLUX
&
7
3
q

NNNSNMNSNNNNNO

WATER CHEMISTRY..

TUBE OUTSIDE DIAMETER

TUBESHEET MATERIAL . auensesaenasns
TUEE SUFFORT FLATE MATERIAL...
TUBE SUPPFLIER. . esuueeannonnsana
DATE OF TUEE MANUFACTURE. ..c.....

ASTM GRAIN SIZE RANGE..

(ksi)aea..
MILL ANNEAL TIME/TEMF

TYFE OF EXFANSION PROCESS...

FRIMARY . COOLANT FRESSURE
HOT LEG INLET TEMFERATURE
COLD LEG GUTLET TEMFERATURE
(BTU/hr/ft"2) ...

(BTU/hr/fE"2) cn v nnnan
STEAM GENERATOR OFERATING TEMF.
STEAM GENERATOR OFERATING PRESS. (psi).
TYFICAL SLUDGE FILE DEFPTH

STEAM GENERATOR GENERAL INFORMATION
NUMEBER OF STEAM GENERATORS.....
STEAM GENERATOR TYPE..eoveasarannansses
STEAM GENERATOR MODEL NO...sssssacnns
STEAM GENERATOR FAERICATOR/LOCATION..
DATE OF STEAM GENERATOR COMFLETION...

DIMENSIONS

(inches) s v anaensns

(inchesS) e uvanee
(inchés)vuua

NUMBER OF TUBRES PER STEAM GENERATOR..
(inches)sueeeeens
TUBESHEET RADIAL CREVICE
DEFTH OF TUBESHEET CREVICE

(inches)....
(inches)..

{percent) ..

(min/deg F)....

U-BENDS (inches)
FARAMETERS

(deg F)..
(deg F)..

D-74

PROCESS USED TO FORM BENDS.....ccueuae
STRESS RELIEF AFTER TUERING

(pSideecacecnn

(deg F)

{inches)....

(hours/deg F)

KRSKO
SAVSKE ELEC
WESTINGHQOUSE
618

2/715/81

RUWE
D4

/7

21.0
. 730
043
4674
1.060
alelele]
Q0. 00

ALLOY 600

FULL DEFTH ROLL
2.250,3.312

W. BALL MANDREL
NONE

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
RSO

8. REFCRTED FRIMARY SIDE PROELEMS (Yes/No, Date or EFFD to 1st cbservatian)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITION...... Ceams e
8.1.2 EXFAMDED REGION. . vsascasossnsannsasn
8.1.7 U-BEND TRANSITION. .veseanenasnnsa .
8.1.4 U-~BEND AFEX-DENTING RELATED..essvaus
8.1.5 U-BEND AFEX-NOT DENTING RELATED.....
B8.1.6 TSP INTERSECTION-DENTING RELATED....
B.1.7 FLUBS.. veevancennnnns cerserees e
3.2 OTHER PRIMARY PROBLEMS(e.g. sulfur attach).

9. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFPD to 1lst observation)
9.1 SECONDARY SIDE IGSCC
F.1.1 EXFANSION TRANSITION....ecveevennoas
?.1.2 TUBESHEET CREVICE..ssveessuanassanns
?.1.% SILUDGE FILE REGION. . .ceencencaosweann
P.1.4 TSP INTERSECTION...ic.enasnanrsnnans
2.2 INTERGRANULAR ATTACE (IGA)
?.2.1 EXPANSION TRANSITION:::csasavsonvnans
2.2 TUBESHEET CREVICE. .. vieveencnennaons
.2.3 SLUDGE PILE REGION. ... csenceusnvaann
?.2.4 TSP INTERSECTION...eseeenenasansenns

.3 DENTING....tiiiceessssnenassnnsnanasnannnan
7.4 CORROSION FATIGUE. . .vessavasanncns ersencann
9.5 ERDOSION-CORROSIOM. . cacenocvsnsssrnaansaenns
7.6 PITTIMG..... e amaan Neenms et s nas e E e
P.7 WASTAGE. . w:iccesrsrasecnsasnscansssonnnnnsnns
7.8 WEAR...e.eaa. cessseavasusennasvareosennansn YES
?.9 OTHER SECONDARY SIDE PROBLEMS...cccaevssans

10. INSERVICE REMEDIAL MEASURES
10,1 TOTAL TUBES FLUGGED. v st verassasasssaasnnans
10,2 TOTAL TURES SLEEVED...... et ssesseesannmenn
10.3 OTHER (tube expn.,stress relief,peening)...

i1. NOTES
11.1

11.2

11.4

11.3

11.6

D-75




DOMINION

ENGINEERING, INC.

EPRI/SGOG Il CRACEING SURVEY

MCGUIRE 1
1. PLANT DESCRIFTION
1.1 PLANT NAME AND UNIT NO.ceeennnneennnnnannes MCGUIRE |
1.2 L L S I =« e« DUKE FOWER
1.7 N5Ss L L WESTINGHOUSE
1.4 ELECTRIC FOWER RATING (MWE) 4 e s vin e ine s ». 1180
1.5 THERMAL FPOWER RATING (MWT) e e ettt ineannns
1.6 DATE OF COMMERCIAL OFERATION........ sesea. 8/15/81
2. STEAM GENERATOR GENERAL INFORMATION
2.1 NUMBER OF STEAM GENERATORS. ... v.s... caveas 4
2.2 GSTEAM GENERATOR TYPE . s ittt ensnnnnenennnenns RWE
2.3 STEAM GENERATOR MODEL NOuu©ovueeewon.. »saees DZ
2.4 STEAM GENERATOR FABRICATOR/LOCATION. vvuu... WESTINGHOUSE
2.3 DATE OF STEAM GENERATOR COMFLETION. . vevena. 7/
3. STEAM GENERATOR DIMENSIONS
Z.1 TUBESHEET THICKNESS (inches).ivirennrnnnees 21.0
3.2 TUBE QUTSIDE DIAMETER (inches) cvvincinnnne. 750
3.3 TUEE WALL THICKNESS (InChes) . uiureirinnnee. 043
3.4 NUMBER OF TUEES FER STEAM GENERATOR.vevuua. 4474
F:5 TUBE PITCH (inCheS).uuesseesnsn.... carsaaaee 1,060
Z.6 TUBESHEET RADIAL CREVICE (inches).uv.ouanee 0000
3.7 DEPTH OF TUBRESHEET CREVICE {inches)........ 00.00
4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL . it viieitenrntennnnerens SA 308
'4.2 TUBE SUPFORT PLATE MATERIAL.....eo..... N
4.3 TUEE I seaease ALLOY 4600
4.4 TUBE SR P L I E R 4 v et aea et vennnnncsrncnseenns WEST/HUNTINGTON
4.5 DATE OF TUEBE MANUFACTURE . st et e v v r e vannnnnes 7/
3. TUBE MATERIAL PROFPERTIES
J.1 ASTM GRAIN SIZE RANGE...... vre st saaasaarsaa
3.2 CAREON CONTENT RANGE (percent).eiincncernn.
3.7 VYIELD STRESS RANGE (ES1) e ninnnnnnmanas
5.4 MILL ANNEAL TIME/TEMF min/deg Fleivecuunnon
6. TUEE EXFANSION FARAMETERS
6.1 TYFE OF EXFANSION FROCESS....cevssurvnnuns. FULL DEFTH ROLL
6.2 RADII OF ROW i1 AND 2 U—RBENDS (inches)...... 2.250,3.312
6.7 PROCESS USED TO FORM BENDS. . iv i i i iinnnens WH BALL MANDREL
6.4 STRESS RELIEF AFTER TUEING (hours/deg F)... NONE
7. STEAM GENERATOR OFERATING FPARAMETERS
7.1 PRIMARY COOLANT FRESSURE Psideciineenen.. 2250
7.2 HOT LEG INLET TEMFERATURE (deg F)uvvevnnv.. 618
7.3 COLD LEG OUTLET TEMFERATURE (deg Floviianu. 55
7.4 HOT LEG HEAT FLUX BTU/Br /7t 2) st en e nennnn
7«3 COLD LEG HEAT FLUX (BTU/Rr/ft™2)u.ee.n.. ...
7.4 STEAM GENERATOR OFERATING TEMP. (deg Fl..... J45
7.7 STEAM GENERATOR OFERATING FRESS. (PSi)ssuaa.
7.8 TYFICAL SLUDGE FILE DEFTH (inches).........
7.9 WATER CHEMISTRY....uveou... e res st rees s AVT ONLY
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DOMIMNION ENGINEERING, INC.
EFRI/S6G0G I1 CRACKING SURVEY
MCGUIRE 1

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to lst observatiaon)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION....... cesaeneas
EXFANDED REGION...vesnteensnnearaaas YES
U-BEEND TRANSITION...... vasesreeneaan
U-BEMD AFEX-DENTING RELATED.v.cesua-
U~-BEND AFEX-NOT DENTING RELATED.....
TSF INTERSECTION-DEMTING RELATED....
FLUGS.«cvsunwns Meemseeanasacanannannan
FRIMARY FPROBLEMS(e.g. sulfur attack).

i =

Smmmmmm
Il e S
DMNOC U bR

8.2

9. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to 1lst observatiom)
2.1 SECONDARY SIDE IGSCC

P.1.1 EXFANSION TRANSITION..ecerannanaanns

9.1.2 TUBESHEET CREVICE. ¢evivacrnnnrcaaean

?.1.7 SLUDGE FILE REGION....usceerarcnnnns

F.1.4 TSP INTERSECTION....cveueans csevanee

9.2 INTERGRANULAR ATTACE (IGA)

?.2.1 EXFANSIOM TRANSITION..... ceasmE e
2.2 TUBESHEET CREVICE..vesccuaan. ceeesuan
«2.% SLUDGE PILE REGION.ceeavrseeaeerenns .

9.2.4 TSF INTERSECTION..esceeareucencnnnns

DENTING. « v s a.. WesmsateenmEmctsesunanannns

CORROSION FATIGUE. caenenswssananannss ceenan

EROSION-CORROSION. s e eesoasvasnnnnsassnssnss

FITTING. s cssevsnsusnnouanasnaanssannnnenannns

WASTAGE . s s e v essnensssssannnsssnnnnansnsanrss
WEAR. cvssueesanassacnensnasnasasaasnnsnnnsns FES
DTHER SECONDARY SIDE PROBLEMS...cavecvaceas

B JRNVIRN) IRV N I C N |
NN

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TURES FLUGBED. s esuwvnesscensaansanans 87
10.2 TOTAL TUBES SLEEVED.tecenaersosnnannassnnnn
10.7% OTHER (tube expn..,stress relief,peeningl)...

11. NOTES
11.1

11.

rJ

11.

ol

11.4

11.6

D-77



DOMINION ENGINEERING, INC.
EFRI/SGOG I1 CRACKING SURVEY
MIHAMA 2

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NQO...
UTILITY . et acannmeennnrnes

[N RIS

ELECTRIC FOWER RATING (MWE
THERMAL FOWER RATING (MWT)

e S T
" s o

k3

2.1 NUMEBER OF STEAM GENERATORS
STEAM GENERATOR TYPE......

3 IR R)
ki)

Jeaaas

STEAM GENERATOR GENERAL INFORMATION

DATE OF COMMERCIAL OFERATION.....

STEAM GENERATOR MODEL NO..«eecacoeas
STEAM GENERATOR FAERICATOR/LOCATION.
DATE OF STEAM GENERATOR COMPLETION..

3 STEAM GENERATOR DIMENSIONS
3. TUBESHEET THICKNESS (inches)........
3. TUBE QUTSIDE DIAMETER (inches)......
3. TUEBE WALL THICKNESS (inches)........

TUBE FITCH (inches).......

DEFTH OF TUEESHEET CREVICE

4. STEAM GENERATOR MATERIALS

E
1
'«4 NUMBER OF TUBES FER STEAM GENERATOR.
3
&
7

TUBESHEET RADIAL CREVICE (inches)...

(inches).

4.1 TUBESHEET MATERIAL . c.icvenvnunannnans

TUBE SUFFLIER. .. eeaecacens

b id R

S g S Y

C

LA~ m
m

MATERIAL FROFERTIES

e mH

[am

Bk W
m

EXFANSION FARAMETERS

[

STRESS RELIEF AFTER TUBING

N

HOT LEG INLET TEMFERATURE

S
7
7
7
7
7.
7
7
7 TYFICAL SLUDGE FPILE DEFTH
7

O ONO- O s i R

COLD LEG CUTLET TEMPERATURE
HOT LEG HEAT FLUX (BTU/hr/ft"2)suecaccaenns
COLD LEG HEAT FLUX (BTU/hr/ft—2)
STEAM GEMNERATOR OFPERATING TEMF
STEAM GENERATOR OFERATING FRESS. (psi)......

WATER CHEMISTRY .t v veesnaaans

TUBE SUFFORT FLATE MATERIAL.....
TUBE MATERIAL. ... iiennnncrasonnes

TYFE OF EXFPANSION FROCESS..vesa.
RADII OF ROW 1 AND 2 U-BENDS
FROCESS USED TO FORM EBENDS. . veveeeenansrans

DATE OF TUBE MANUFACTURE.........

ASTM GRAIN SIZE RANGE.. ccvavasnns
CAREON CONTENT RANGE (percent)...
YIELD STRESS RANGE (kSi)uaeweunsas
MILL ANNEAL TIME/TEMF (min/deg F)....

(inches) .aa.a

(hours/deg F)...

TEAM GENERATOR OFERATING FARAMETERS
FRIMARY COOLANT PRESSURE (psi)...

(deg Flueoeeeeennan

(deg Flaeeeeeaan

.(deg Fl.ooaw.

(inches).iacnnanns

D-78

MIHAMA 2

KANSAI ELECTRIC
MHI

SO0

1434

4/15/72

>
<

RWOE

44
WEST/MITSUBISHI
11/15/70

i ()

L w

. 870

. 0S0

T260
1 230
. 0080
19. 30

FORG.STL.

Cs

ALLOY 600
WEST/SUMIT/INCO
11713769

&-10

ROLL/HYD. EXF.
2.188; .47
W.EBALL/CYL FLST
NONE

2236
&07

I3

321

822

EARLY FHOS, AVT




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
MIHAMA 2

8. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to 1st observation)
8.1 PRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION.....assvsessases YES
.2 EXPANDED REGION...csccvesananasenans
% U—BEND TRANSITION. «cccevaaanvccansen

-“

; U-EEND AFEX-DENTING RELATED.«:sass-.
5 U-BEEND AFEX-NOT DENTING RELATED.....
.& TSF INTERSECTION-DENTING RELATED....
7

R

FLUGS . aevcanvrenansessnasnnansassanenn
. PRIMARY PROBLEMS(e.g. sulfur attack).

OWEno@ooD
g e i ]

8.2

§. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to ist observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION. ..cucsnersnnces
9.1.2 TURESHEET CREVICE...css-ussanesassss YES
9.1.3 SLUDGE FILE REGION.scenssscscsnonsns
9.1.4 TSP INTERSECTION....:rsscasnnnssssses YES
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION.seeccensanaanss
9.2.2 TUBESHEET CREVICE...:essessscasaa=-ax YES
2.2.3 SLUDGE PILE REGION. cssvvnassnsssanee
9.2.4 TSP INTERSECTION....sccesucescssssss YES
DENTING. « cs esvsnuassssassonssansnasnssnsnsns
CORROSION FATIGUE. e s eseensnsancssscaassssnnns
EROSION-CORROSION. c cesesesssansansssonssnan
PITTING. «cevensessanassncssassnnusannsnssnns
WASTAGE . v o cvvssasaaanssasansesnsnansnssssnss YES

WEAR . e cnonenasnssnssnsssanasaasaansananaons

OTHER SECONDARY SIDE PROBLEMS...c.cccvunssns

0¢g-90-00
COND B

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUBGED. ccessseoenanasasanananes Z77
10.2 TOTAL TUBES SLEEVED...:ccasesesaaannsnnnunnss
10.% OTHER (tube expn.,stress relief,peeningl... CREVICE HYD. EXFANSION

11. NOTES
11.1

11.3

11.4

11.

w

11.6
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DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
MIHAMA 3 .

FLANT DESCRIPTION
1.1

o g

THERMAL FOWER RATING

e - e

T

[SESRANANSRG
Wb k- M

3.1

TUBESHEET THICKNESS

PLANT NAME AND UNIT NO.saecceneenns
UTILITY. e ecencennnanorannnanannnnan
NSES SUFFLIER.ccaasareansnsvanananse
ELECTRIC FOWER RATING

MATY eenenaans

DATE OF COMMERCIAL OFERATION.......

AM GENERATOR GENERAL INFORMATION
NUMBER OF STEAM GENERATORS....ssees
STEAM GENERATOR TYPE.:eeasaaccernases
STEAM GENERATOR MODEL NO¢.sssesaaas
STEAM GENERATOR FABRICATOR/LOCATION
DATE OF STEAM GENERATOR COMPLETION.

STEAM GENERATOR DIMENSIONS

(inches)ceaancas

(MWE) e e veennns

3.2 TUBE OQUTSIDE DIAMETER (inchesS).cesvaass
T.3 TUBE WALL THICKNESS (inchesS)..ivvsaescs
3.4 NUMBER OF TUBES FPER STEAM GENERATOR....
3.9 TUBE PITCH (inche@S)cuecescacannsssanssas
3.6 TUBESHEET RADIAL CREVICE (inches)......
2.7 DEPTH OF TUBESHEET CREVICE (inches)....
4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL.. v cuener et annncann
4.2 TUBE SUFFCORT PLATE MATERIAL...senaaaass
4,3 TUBE MATERIAL. cvcseesasnscansavosaananas
4.4 TUBE SUPFLIER.....ceteanecavecssnavanss
4.5 DATE OF TUBE MANUFACTURE. .« svesancnnans
S. TUBE MATERIAL FROFERTIES
J.1 ASTM GRAIN SIZE RANGE...ciecrvnaaaaenns
5.2 CARBON COMTENT RANGE (percent)..scc.asn
3.7 VYIELD STRESS RANGE (kSi)uicevsnnecacnsane
5.4 MILL ANNEAL TIME/TEMP (min/deg F)......
6. TUBE EXFANSION PARAMETERS
4.1 TYPE OF EXPANSION PROCESS. . eaeecnsaanns
6.2 RADII OF ROW t AND 2 U-BENDS (inches)..
6.7 PROCESS USED TG FORM BENDS..c.cvvecvcans
6.4 STRESS RELIEF AFTER TUEBING (hours/deg F)...
7. STEAM GENERATOR OPERATING FPARAMETERS
7.1 FRIMARY COOLANT FRESSURE (psSi)eececaans
7.2 HOT LEG INLET TEMFPERATURE (deg Fl......
7.2 COLD LEG OUTLET TEMFERATURE (deg F)....
7.4 HOT LEG HEART FLUX (BTU/hr/ft"2)ecescean
7.5 COLD LEG HEAT FLUX (BTU/hr/+ft"2)...a...
7.6 STEAM GENERATOR OFERATING TEMP. (deg F).
7.7 STEAM GENERATOR OPERATING FRESS. (psi)..
7.8 TYFICAL SLUDGE FILE DEFPTH (inches).....
7.2 WATER CHEMISTRY. s e iiiuvaavnsnsnnsnnnnas

D-80

MIHAMA =

KANSAI ELECTRIC
MHI

826

2240

127 1/76

-

RWOE

St
MITSUBRISHI
/7

21.7
. 880
. 030
3788
1.280
. QOO0
00.00

FORG.STL.
cs
ALLOY &00
SUMITOMO
//

FULL DEPTH ROLL
2.1875,3.4683
CYL.PLSTC.MNDRL
NONE

2236
613

S51

==
R e

8879

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
MIHAMA 3

8. REFORTED FPRIMARY SIDE FROBLEMS (Yes/Na, Date or EFPD to lst abservation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXPANSION TRANSITION..wssssssveen.=. YES
2 EXPANDED REGION::ccussssaassnaansena YES
T U-BEND TRANSITION. .+ cicensnasnssnana
.4 U-BEND AFEX-DENTING RELATED.ceascaas
.5 U-BEND APEX-NOT DENTING RELATED. .. ..
& TSF INTERSECTION-DENTING RELATED....
7 PLUGS. . escsercenssnsosassnusnasaannas
8.2 R FRIMARY FROBLEMS(e.g. sulfur attack).
9. REPORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1st aobservation)
9.1 SECONDARY SIDE IGSCC
F.1.1 EXFPANSION TRANSITION. .e:ssessusnsaas
9.1.2 TUBESHEET CREVICE..cvcsscannnsnsaans
9.1.F SLUDGE PILE REGION. 2 eeessancosaannans
P.1.4 TSP INTERSECTION..:.cectccvansonannnns
2.2 INTERGRANULAR ATTACK (IGA)
?.2.1 EXPANSION TRANSITION..esvocessaccoes
?.2.2 TUBRESHEET CREVICE.:ccsscevcasnananaans
9.2.3 SLUDGE PILE REGIOM. caeeceussonassnsos
?.2.4 TSP INTERSECTION...:-cuveseansnonnans
DENTING. c s veesusssnosasavanssssnnnansnassnsas
CORROSION FATIGUE. . cauvsvesssnsnansasenanana
EROSION-CORROSION. c s aseenssrsrnssnnsnsanenas
PITTING. eenssnsunsessasssanasnsansennscsnsnsasn
WASTAGE . s et saevasnuscansssnssansnnansaasans

WEAR. s s eaneanssonennssssanssnnanasnnennsana

OTHER SECONDARY SIDE PROBLEMS.....vvesceanaa

Y90 V000
OONT Wb

10. INSERVICE REMEDIAL MEASURES
10,1 TOTAL TUBES PLUGGED...sseveasasceseansnasaas 117
10.2 TOTAL TUBES SLEEVED.:..e:wscrnennascnsassonas
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES

11.1

11.2

11.3

11.4

11.5

11.6

D-81




DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
NORTH ANNA 1 )

1.1 PLANT NAME AND UNIT NOuuwsssassssencasaessas NORTH ANNA 1

1.2 UTILITYu.useesnsssnanacnansssansnnssssnsanes VIRBINIA ELEC.FWR.CO
1.7 NBEBS SUPPLIER.:cceancnvnssasssnanannsnnnses WESTINGHOUSE

1.4 ELECTRIC POWER RATING (MWE) sicsacanssccasse 934

1.5 THERMAL FOWER RATING (MWT).wucvssnosannenns .

1.6 DATE OF COMMERCIAL OFERATIDON.«cvctcanssseaass ©6/15/78

‘ .

| 1. FLANT DESCRIFTION
|

|

TEAM GENERATOR GENERAL INFORMATION

NUMEER OF STEAM GENERATORS...cistssascnaane 3

STEAM GENERATOR TYPE...acssssasnsrsascnsness RWOE

STEAM GENERATOR MODEL NO.scessecssasvasneas 51

STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
DATE OF STEAM GENERATOR COMPLETION.....:su. 7/

m (O E AR

KMNKEREWY

2]
(1))

TEAM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (incheS)eceessscacsanas

TUBE OUTSIDE DIAMETER (inchesS)..veseasssase 875
TUBE WALL THICKNESS (incheS)eiccsecescssssaass 050
NUMBER OF TUBES PER STEAM GENERATOR........ 3388
TUBE PITCH (INCheS)esascscvsncsessnssecnsss 1.281
TUBESHEET RADIAL CREVICE (incheS).ccsseaese 0000
DEFTH OF TUBESHEET CREVICE (inches)..c.caae. 00.00

N AR

Gt G4 G G el Ol

4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL..cccsecacanensnencannasss SA 508

4.2 TUEBE SUFFORT PLATE MATERIAL....eesnesecsaaas CS
4,7 TUBE MATERIAL.ceesceseassvensannnnnsnanssaa ALLOY 600
4.4 TUBE SUFPPLIER:cesoscnascscsssvaansanseneasas WEST/HUNTINGTON
4.5 DATE OF TUBE MANUFACTURE..svcveenvasnnanene //
5. TUBE MATERIAL FROFERTIES
S.1 ASTM GRAIN SIZE RANGE..vssseccecnscaarssnnas
5.2 CARBON CONTENT RANGE (percent)...vcesessses
S.7 YIELD STRESS RANGE (kSi).vaveseosssasasnnas
S.4 MILL ANNEAL TIME/TEMF (min/deg F).cieaessns
6. TUBE EXPANSION PARAMETERS
6.1 TYPE OF EXPANSION PROCESSescssssanscsecssse ROLL/EXFLOSIVE
! 6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.18735,3.4685
6.7 PROCESS USED TO FORM BENDS.s:esesasesvswasss WH BALL MANDREL
6.4 STRESS RELIEF AFTER TUBING (hours/deg F)... NONE

7. STEAM GEMERATOR OFERATING PARAMETERS
7.1 PRIMARY COOLANT PRESSURE (pSi)icccccenavans
7.2 HOT LEG INLET TEMFERATURE (deg Fl...sssnsa. 614
7.3 COLD LEG OQUTLET TEMFERATURE (deg Fl...v.... 947
7.4 HOT LEG HEAT FLUX (BTU/hr/ft"2)ccceeaaanns

7.5 COLD LEG HEAT FLUX (BTU/hr/ft"2)eucacaacnas

7.6 STEAM GENERATOR OFERATING TEMP. (deg F)..... 35235

7.7 STEAM GENERATOR OFPERATING FRESS. (psi)..s...

7.8 TYPICAL SLLUDGE FILE DEPTH (inches)essccosas

7.9 WATER CHEMISTRY.cacasneansvnnasnnnnnsansass AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SG0OG II CRACKING SURVEY
NORTH ANNA 1

10.

11.

REFOR
8.1

8.2

TED FRIMARY SIDE PROBLEMS (Yes/Na,

FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION..
> EXFANDED REGION..... .

FLUGS. s ceavunnnsnacan

COoOVDOOBTD

1.2

1.5 U-BEND TRANSITION..:vessevannnsn
1.4 U-BEND AFEX-DEMNTING RELATED.....
1.5 U~BEND APEX—-NOT DENTING RELATED.....
.1.&4 TSP INTERSECTION-~DENTING RELATED....
1.7
HER

FRIMARY FROBLEMS{(e.g. sulfur attack).

YES

YES

. Date or EFFD to 1st observation)

REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to 1st observation)

2.1

g0 0000
000N O W

INSER
10.1

NOTES
11.1

11.

-3

11.3

11.4

11.6

SECONDARY SIDE IGSCC

9.1.1 EXPANSION TRANSITION. .ss-seuncanaans

9.1.2 TURESHEET CREVICE.....
9.1.% SLUDGE FILE REGION....
F.1.4 TSP INTERSECTION......
INTERGRANULAR ATTACK (IGA)
9.2.1 EXFANSIOM TRANSITION..
9.2.2 TUBESHEET CREVICE.....
.2.7% SLUDBE PILE REGION....

9.2.4 TSF INTERSECTION..ssceavananae

DEMTING. s ssvesonsnsaasanncens

CORROSION FATIGUE. civennnsscceanvanans

EROSION—-CORROSION. e s v eeavannn
FITTING., e vaaanaaanne sevenaa
WASTAGE. convasssssnnscasnnesse

WEAR . e cnaasssaasssnaenanasuansnsnseens

OTHER SECONDARY SIDE PROBLEMS........

VICE REMEDIAL MEASURES

TOTAL TUBES FLUGGED: casuseseccensnnns
10.2 TOTAL TUBES SLEEVED.cvewnsesacanscnnnansases
10.% OTHER (tube expn..,stress relief,peeningl...

D-83

YES

YES

YES (MILD)
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ALL

ROW 1 U EENDS FLUGGED



DOMINION ENGINEERING,

INC.

EPR1I/SGOG II CRACKING SURVEY
NORTH ANNA 2

FLANT DESCRIFTION

1.1 PLANT NAME AND UNIT NO.wesearensasassassess NORTH ANNA 2
1.2 UTILITY . iennnvenvaronnnseannsasnansaseasnssas VIRGINIA ELEC.FPWR.CO
1.7 NSSS SUPPFLIER..:eiveeesancnsusnnsanssnnrass WESTINGHOUSE
1.4 ELECTRIC FOWER RATING (MWE).eeveneesnrsnsas 890
1.5 THERMAL FOWER RATING (MWT) e esswsssararaness
1.6 DATE OF COMMERCIAL OFERATION..cvaeasssseans 8/15/80
2. STEAM GENERATOR GENERAL INFORMATION
2.1 NUMEER OF STEAM BENERATORS.ccrtecrsmsancasssa
2.2 STEAM GENERATOR TYPE.wsaawesasasnssassanasas RWOE
2.3 STEAM GENERATOR MODEL NO..csesassaaseasanas Si
2.4 STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
2.3 DATE OF STEAM GENERATOR COMPLETION..cccaee. //
3. STEAM GENERATOR DIMENSIONS
J.1 TUBESHEET THICKNESS (inchesS)civeeerrecannns
J.2 TUBE OUTSIDE DIAMETER (inch@S).scesncacsass 875
2.3 TUBE WALL THICKNESS (inchesS)..cicsanssasses 050
3.4 NUMBER OF TUBES PER STEAM GENERATOR........ 3388
3.3 TUBRE PITCH (iNCheS).iecrvnasvensasananannasas 1.281
JF.6 TUBESHEET RADIAL CREVICE (incheS).ssevssses . QO0Q0
2.7 DEPTH OF TUBESHEET CREVICE (inchesS).su.ea.. 00,00
4. GSTEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL .. veveusersanrennssvsnnsreas SA 508
4.2 TUBE SUFFORT PLATE MATERIAL..ecnsanssunsana Cs
4.7 TUBE MATERIAL. cviuerivevearsasassnennasnnnsas ALLOY 600
4.4 TUBE SUFPLIER...c:visesnscannencsannneesansas WESTINGHOUSE
4.5 DATE OF TUBE MANUFACTURE..c:ussnecaacannnns- e I/
. TUBE MATERIAL PROFPERTIES
Sel ASTM GRAIN SIZE RANGE. .. vueavevrnnsnanssenss
J.2 CARBON CONTENT RANGE (percent).u.eecesescns
S.3 YIELD STRESS RANGE (kSi)eeewsusnnnsancnnnae
3.4 MILL ANNEAL TIME/TEMP (min/deg F)eseiennans
6. TUBE EXFANSION FARAMETERS
6.1 TYPE OF EXPANSION PROCESS..wseseaseasssssaee ROLL/EXFLOSIVE
6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.1875,3.4685
6.7 FROCESS USED TO FORM BENDS.s:eessuannesassss W. BALL MANDREL
6.4 STRESS RELIEF AFTER TUBING (hours/deg F)... NONE
7. STEAM GENERATOR OFERATING FARAMETERS
7.1 FPRIMARY COOLANT PRESSURE (PSi)uceavcasaanns
7.2 HOT LEG INLET TEMFERATURE (deg F)leveeseuea-
7.3 COLD LEG OUTLET TEMPERATURE (deg Fleceea«as
7.4 HOT LEG HEAT FLUX (BTU/hr/ft"2)cccuucnonans
7.3 COLD LEG HEAT FLUX (BTU/RFr/ft"2) eeersencsnns
7.6 STEAM GENERATOR OPERATING TEMP. (deg Fl.....
7.7 STEAM GEMERATOR OPERATING FRESS. (PSi)..va.-
7.8 TYPICAL SLUDGE FILE DEFTH (incheS).eease.. .
7.9 WATER CHEMISTRY..vsecereeeeunnanannnnanaans AVT ONLY

D-84




DOMINION ENGINEERING, INC.
EFRI/SGOG I1 CRACKING SURVEY ~
NORTH ANNA 2

10,

11.

REFOR
8.1

8.2

Date or EFFD to 1lst observation)

TED FRIMARY SIDE FROBLEMS (Yes/No,

FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITION....cccovannn . as
8.1.2 EXFANDED REGION.:euscrssnanunassras .e
8.1.% U-BEND TRANSITION..... veenaus cen e
8.1.4 U-BEND APEX—DENTING RELATED....c.a.u.
8.1.5 U-BEND AFEX-NOT DENTING RELATED.....
8.1.6 TSP INTERSECTION~DENTING RELATED....
8.1.7 FLUGS.secsenveensansssaanansssananans
OTHER PRIMARY FROBLEMS(e.g. sulfur attach).

REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFPD to 1st observation)

2.1

9090V O00
oN>O P+

INSER
10.1
10.2

10.3% OTHER (tube expn.,.,stress relief,peeningl..

NOTES
11.1

11.2

11.3

11.4

11.5

11.6

SECONDARY SIDE IGSCC

9.1.1 EXPANSION TRANSITION..cesasevraacnss

9.1.2 TUBESHEET CREVICE....c...
9.1.% SLUDGE FILE REGION.......
9.1.4 TSP INTERSECTION...esevas
INTERGRANULAR ATTACE (IGA)

9.2.1 EXPANSION TRANSITION.....

.2.2 TUBESHEET CREVICE.........

9.2.3 GSLUDGE PILE REGION.......
9.2.4 TSF INTERSECTION..eassuu-
DENTING.swssessosnnssncaaasaesas
CORROSION FATIGUE. cxasassseansas
EROSION-CORROSION. a v e cacennanns
PITTING. s evveeonansaanaanannsasens

WASTABE . wcaersvsanansaassaaanansnns

WEAR . s esaunassanasaanannnnsananas
OTHER SECONDARY SIDE FROBLEMS...

VICE REMEDIAL MEASURES

TOTAL TUBES FLUBGBED...::aecenosas
TOTAL TUBES SLEEVED...v:ssecenaes

D-85

YES (MINOR)

2B4

ALL ROW i1 U BEMDS FLUGGED



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
OBRIGHEIM(ORIG SG)

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NOuessooasasesnnsnssasas OBRIGHEIM(ORIG SG)
UTILITY e reeansnannsnssnssannsasanassasvas RWO
NSSS SUFPFLIER. cesucessussnasssessassnsananss SIEMENS
ELECTRIC FOWER RATING (MWE).uveonaeravansss 345
THERMAL FOWER RATING (MWT).wsssnsnannanuans 1030
DATE OF COMMERCIAL OPERATION...cisenacsssss 3/15/69

P e e N
[ S 8 )

TEAM GENERATOR GENERAL INFORMATION
NUMEBER OF STEAM GENERATORS. civieusnassnnnsa
STEAM GENERATOR TYPE.es:ivasensnencanasnnnns
STEAM GENERATOR MODEL NO.vciscneacssennannn
STEAM GENERATOR FABRICATOR/LOCATION. ausas.’

DATE OF STEAM GENERATOR COMPLETION..:cuaauas 7/

3]

bR~

EIREIR R W

2

T

m

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inchesS)iicaesnsncssass 27,0
TUBE OUTSIDE DIAMETER (incheS)asssccscsssse 2866
TUBE WALL THICKNESS (inchesS).ssessccscaass. Q47
NUMBER OF TUBES PER STEAM GENERATOR........ 2603
TUBE PITCH (incheéS) escescesrnrsrsenansnnoans
TURESHEET RADIAL CREVICE (inches)...ceaa..s

DEFTH OF TUBESHEET CREVICE (incheS).ce.a.s..

NOU B R

(RS R R R ]

4. STEAM GENERATOR MATERIALS

4.1 TUBESHEET MATERIAL:uceissvceccacosannansnsns
TUBE SUFFORT FLATE MATERIAL.ccsssesssaceass S8
TUBE MATERIAL.:csnssascecsenncasasanssacasaas ALLOY 600
TUBE SUPFLIER. e esusasssscesnnennassnsassss MANNESMANN
DATE OF TUBE MANUFACTURE...veevsscnasnsasss /7

o

€ =N (8]

[

R R s
m

MATERIAL PROFERTIES

CASTM GRAIN SIZE RANGE..:ciersssvccancnansnas 7=10
CAREON CONTENT RANGE (percent)....caccionnaas
YIELLD STRESS RANGE (kSi)essveenvnnnsansannns
MILL ANNEAL TIME/TEMP (min/deg Flaecseaannn

A

EXFANSION PARAMETERS

TYFE OF EXFANSION FROCESS.eessesssensssnsss 3 PART.ROLLS
RADII OF ROW 1 AND 2 U-BENDS (inches)......

FROCESS USED TO FORM BENDS. cvuerennasacnnss

STRESS RELIEF AFTER TUERING (hours/deg F)...

[y
m

o0~
O TN N )

TEAM GENERATOR OFERATING FPARAMETERS
FRIMARY COOLANT FRESSURE (PSi)icescaracanes 2146
HOT LEG INLET TEMFERATURE (deg Fl.sicssas.. T94
COLD LEG DUTLET TEMFERATURE (deg F)..... cee 041
HOT LEG HEAT FLUX (BTU/hr/ft"2)caneeceans .. 80808
COLD LEG HEAT FLUX (BTU/hr/ft"2)ce.essaacas 40404
STEAM GENERATOR OFERATING TEMP. (deg Fl..... 316
STEAM GENERATOR OFERATING FRESS. (psil)«..... 798
TYFICAL SLUDGE FILE DEFTH (inches)a......... TO 10
CWATER CHEMISTRY.uceuunnnnsannsannnnssnaenas AVT ONLY (7)

NNSNSNNNNSNNG
w4 B M

Qg ONOo




DOMINION ENGINEERING, INC.
EFRI/SEO6 II CRACKING SURVEY
OBRIGHEIM(ORIG SG)

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/Nao, Date or EFFD to 1st observation)

8.1 FRIMARY SIDE IGSCC

8.1.1 EXPANSION TRANSITION........ camsasss YES

. 2 EXFANDED REGION. «uceascsnsasnenannns
1.3 U~-EEND TRANSITION....... vesnnsnennns TES
1.4 U-BEND AFEX-DENTING RELATED.uscveens
.1.3 U-BEND APEX-—-NOT DENTING RELATED..... YES
1.6 TSF INTERSECTION-DENTING RELATED....
7 PLUGS.cieransnevanssaasasnconnsannass
R

FRIMARY FROBLEMS(e.g. sulfur attachk).

COomomooo

1.
1.
1.
1.
1.
-1
8.2 THE
9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to 1st observation)
?.1 SECONDARY SIDE IGSCC
F.1.1 EXPANSION TRANSITIOM. . v eveveanvonses
9.1.2 TUBESHEET CREVICE..uscvenananasnenes
9.1.37 SLUDGE FILE REGION....cvueceassenaaes YES
F.1.4 TSP INTERSECTION..weessaucansnnnsans
9.2 INTERGRANULAR ATTACK (IGA)
. ?.2.1 EXPANSION TRANSITION. .. csvaenveaees
?.2.2 TUBESHEET CREVICE....veenennncnnnunen
9.2.3 SLUDGE PILE REGION.:o«.vvivosnssanans
?.2.4 TSF INTERSECTION..s.senencecansaaaan

P.F DEMTINGeoweceneessmucnoanaacenanasannnssnns
9.4 CORROSION FATIGUE..eevswasnsnaassncasaannns
7.5 EROSION-CORROSION...vsecercsvsrasannsncannan
P.b FITTING. coevivannsnassvonansnersancanssnnuns
?.7 WASTAGE........ cerseeamassseeasesnnesnewnnn
F.8 WEAR. . sveivurassnsvanonnssssnnasanennosasanans
9.9 OTHER SECONDARY SIDE PROBLEMS. ..vieaascsanae

10. INSERVICE REMEDIAL MEASURES
10,1 TOTAL TUBES FLUGGED. s« s s venanscsssasssornne 275
10,2 TOTAL TUBES SLEEVED. . e ecunavacnsassansnanss
10,7 OTHER {(tube expn.,stress relief,peening)...

11. NOTES
11.1

11.2

11.4

11,

w

11.6

D-87




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
OHI 1

LR
Bty

FLANT DESCRIFTION

1.1 PLANT NAME AND UNIT NOu s e v sennnsnenennanns
T 102
. NSSE SUPF L IER t v v v e v v 4 s v s e v sssnnennsnsannans

ELECTRIC POWER RATING (MWE) v ouvrncnnvsannan
THERMAL FOWER RATING (MWT) i veveuvennenasans
DATE OF COMMERCIAL OPERATION. . v cserasnaanen

i il o
o Bid R

STEAM GENERATOR BENERAL INFORMATION

2.1 NUMBER OF STEAM GENERATORS. : ettt sncanerneas

2.2 STEAM GENERATOR TYPE. 22 :euncersoanonnnconsas
2.3 STEAM GENERATOR MODEL MO« ucevsoncensacanss
2.4 STEAM GENERATOR FABRICATOR/LOCATION
2.3 DATE OF STEAM GENERATOR COMFLETION.

8TEAM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inchesS).cscessnancnnna
TUEE OUTSIDE DIAMETER (inches) .. eereeenases
TUBE WALL THICKNESS (inCheS)essesesccaranan
NUMEER OF TUBES PER STEAM GENERATOR...uo«..
TUBE PITCH (inches)e.uerecnunrsrsnnannnnenns
TUBESHEET RADIAL CREVICE (inches)ecevenwses
DEFTH OF TURESHEET CREVICE (inches)...e....

.
[

N R AR

(R R e R ]

TEAM GENERATOR MATERIALS
TUBESHEET MATERIAL . st evconsransenennnsannan
TUEE SUFPORT PLATE MATERIAL vt et naucnnennna
TUBE MATERIAL.veuseacacansannnasaannanannen
TUBE SUPPLIER. .. ucuetesasnnossnnsannnvannns

DATE OF TUBE MANUFACTURE. c s e ssurncecaranas-

Shbhbhb0
e~ Mm

C
m

MATERIAL FROFPERTIES

ASTM GRAIN SIZE RANBE. «cvvvucrnsanenvanesns
CAREON CONTENT RANGE (percent).csceceeseacns.
YIELD STRESS RANGE (KSi)uwueuucnnonnenvuannns
MILL ANNEAL TIME/TEMP (min/deg Fluiveieeaaoa.

[
m

EXFANSION PARAMETERS .

TYPE OF EXPANSION PROCESS. cuceesnsunenanness
RADII OF ROW i1 AND 2 U-BENDS (inches)......
FROCESS USED TO FORM BENDS. s s ceeevansnanns
STRESS RELIEF AFTER TURING (hows/deg F)...

o000 o
ENR RN B s

STEAM GENERATOR OFERATING PARAMETERS

FRIMARY COOLANT PRESSURE (PSi)esesacvenonnn
HOT LEG INLET TEMFERATURE (deg F)ueuveiveenan.
COLD LEG QUTLET TEMPERATURE (deg F)auwevesnn
HOT LEG HEAT FLUX (BTU/Br/+t"2) ieveennneans
COLD LEG HEAT FLUX (BTU/hr/+ft"2)uunceeans -
STEAM GENERATOR OFERATING TEMF. (deg F).....
STEAM GENERATOR OFERATING PRESS. (pSi)ee....
TYFICAL SLUDGE PILE DEFTH (inches)..eeeunee.
WATER CHEMISTRY .« tnennnesnnceens cerease fane

NNNNNNNNN
N ONOWL R

D-88

OHI 1

FANSAI ELECTRIC
WEST INGHOUSE
1175

3423

3/27/79

4
RWOE

S1A
WESTINGHOUSE
/7

21.0
870
030
3388
1.280

00, 00

FORG.STL.

Cs

ALLOY 600
WEST/HUNTINGTON
/7

8-10
L01-.04

FULL DEFTH ROLL
2.1875,73.4685
WH BALL MANDREL.
NONE

Lal

615

550

=T

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SG06 II CRACKIMNG SURVEY
OHI 1

10.

11.

REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION....eesassss=ss- YES

g.1.2 EXFANDED REGION..seseueensossssasa=s YES
8.1.5 U-BEND TRANSITION...sv:uesssssacsaas YES
8.1.4 U—BEND AFEX-DENTING RELATED....a....
8.1.5 U-BEND AFPEX-NOT DENTING RELATED.....
8.1.6 TSP INTERSECTION-DENTING RELATED. ...
8.1.7 PLUGS. .t eevasenasassssnenssannnsanns

8.2 OTHER PRIMARY PROBLEMS(e.g. sulfur attack).

REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to 1st observatiom?
9.1 SECONDARY SIDE IGSCC
?.1.1 EXPANSION TRANSITION:csscrassnansaas
9.1.2 TUBESHEET CREVICE..ssesravacccnssnns
9.1.3 SLUDGE FPILE REGIOM.essvvnasoccnuunen
9.1.4 TSP INTERSECTION..ucsasssnneansecansss YES
7.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITIOM.«ssceveanaasens
.2.2 TUBESHEET CREVICE. s usesasansnanmnaas
9.2.% SLUDGE PILE REGION...cscrscnanveaaces
9.2.4 TSP INTERSECTION....ccsesvesansaanas YES
DENTING, . c o evevanansnsnansasnossassnasnansns
CORROSION FATIGUE e wvueenmesnanannaansonnans
EROSION-CORROSION. e s ocosnnsssannananssnanas
PITTING. s cenusssnnsasnsvcrnanssnnunassnnsns
WASTABE . e s s s s s anennsansnosannsnssssennnsnnss

WEAR . e sasvsasnseasusassansnnssannasssunonsss

OTHER SECONDARY SIDE FROBLEMS.:scaaccuennans

0000090
L ONO WU &

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES FLUBGED. csssensncannnanesasnnsa 1216

10.2 TOTAL TUBES SLEEVED. iccanvarrsaesrcrannnnos

10,3 OTHER (tube expn.,stress relief,peening)... ALL ROW 1%Z UR FLUGGED

NOTES
11.1
11.2
11.3

11.4

11.5

11.4

D-89



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY

OHI 2 :

1.  FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NO..c..iecsvanensaveaseas OHI 2
1.2 UTILITYeeovrornanansananennannssnnannsasaasnasa RANSAI ELECTRIC
1.7 NBESS SUFPLIER....utireenanasrnanrasveseaeses. WESTINGHOUSE
1.4 ELECTRIC FOWER RATING (MWE).eecvrivanseeanes 1175
1.5 THERMAL FOWER RATING (MWT)uawueeecnnvnacaaees 436
1.6 DATE OF COMMERCIAL OFERATION...coasassvasas 12/ 3/79

2. OSOTEAM GENERATOR GEMERAL INFORMATION

MUMBER OF STEAM GENERATORS. s it ccravasssaaes 4

STEAM GENERATOR TYPE.uieeevanesnnassssnvsans RWOE
STEAM GENERATOR MODEL NDeciwsescrenancanaenas S1lA

STEAM GENERATOR FABRICATOR/LOCATION..ecsc.. MITSUBISHI
DATE OF STEAM GENERATOR COMPLETION.....au.. //

PRI R FIED
[N

3. STEAM GENERATOR DIMENSIONS

Z.1 TUBESHEET THICKNESS (inches)...icveenveaeas 21.7

3.2 TUBE QUTSIDE DIAMETER (inches)............. .880

3.7 TUBE WALL THICKNESS (inches).....ceisucecrcaas 050

3.4 NUMBER OF TUERES FER STEAM GENERATOR........ 3388

F.3 TUBE PITCH (inchesS) . ccivvsvrvssnuennrssnaas 1.280

3.4 TUBESHEET RADIAL CREVICE (inmches).......... - 0000
7

DEFTH OF TUBESHEET CREVICE (inches)........ 00.00

4. STEAM GENERATOR MATERIALS

4,1 TUBESHEET MATERIAL.:vesceaesueanscannsnnsse FORG.STL.
4.2 TURE SUFPORT PLATE MATERIAL. . .cscenusesasse €S
4.F TUBE MATERIAL. . ceiuvonanacennnes esamenannsa ALLOY 600
4.4 TUBE SUFPLIER..ceeaveascsasanssensrncansessss SUMITOMO
4.5 DATE OF TUBE MANUFACTURE. seveeraecraans ween /7
S. TUBE MATERIAL FPROPERTIES
J.1 ASTM GRAIN SIZE RANGE. . ... ceveveonvnaenneas
5.2 CARBON CONTENT RANGE (percent).csceasssenss
J.3 VYIELD STRESS RANGE (KSi)eeeuvssannnsaannsas
5.4 MILL ANNEAL TIME/TEMP (min/deg Fluiceieecenn.
6. TUEE EXFANSION PARAMETERS
6.1 TYFE OF EXPANSION FROCESS...cc.cssavsasa-.a. FULL DEPTH ROLL
4.2 RADII OF ROW 1 AND 2 U~BENDS (inches)...... 2Z.1875,35.46485
6.7 FROCESS USED TO FORM BENDS.......eeeaveeass CYL.FLSTC.MNDRL
6.4 STRESS RELIEF AFTER TUBING (hours/deg F)... NONE
7. STEAM GEMERATOR OFERATING FARAMETERS
7.1 PRIMARY COOLANT FRESSURE (PSi)ecsevasaneass. 223
7.2 HOT LEG INLET TEMPERATURE (deg F)........ .. 615
7.% COLD LEG QUTLET TEMFERATURE (deg F)..saee.. T30
7.4 HOT LEG HEAT FLUX (BTU/Rr/ft™2) i eeueeceeenves
7.5 COLD ILEG HEAT FLUX (BTU/Rr/ft"2).cceervcenn
7.5 STEAM GENERATOR OPERATING TEMF. (deg Fl..... S333
7.7 STEAM GENERATOR OPERATING FRESS. (psil)..... .
7.8 TYPICAL SLUDGE FILE DEFPTH (inches)...ceee..
7.9 WATER CHEMISTRY. ..t eienannanssssansasanas AVT ONLY

D-90



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACEKING SURVEY

OHI 2

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or

8.1

8.2

FRIMARY
8.1.1

-
. L
—

]

.

.7
E

QU omD oo

g s
T = =
P

4
.6
R

F

SIDE IGSCC
EXFANSION TRANSITION. v eeesanas caaua
EXFANDED REGIOM..cacac.. e e e eaaaan
U-BEND TRANSITIOMN. v sacaaanas sesasas
U-BEND AFEX-DENTING RELATED....... .
U-BEND AFEX-NOT DENMTING RELATED.....

TSF INTERSECTION-DENTIMG RELATED....
FLUGS. i evssesansensasansanssnnavas
RIMARY FROBLEMS(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE FPROEBLEMS (Yes/No,Date ar

F.1

R ui RN v R

0090900900

SECONDA
?.1.1
?.1.2
F.1.3
?.1.4
INTERGR
7.2.1
?.2.2
?.2.3
?.2.4
DEMTING
CORROSI
EROSION

DTHER S

RY SIDE IGSCC

EXFANSION TRANSITION. .o eccavannanans
TUBESHEET CREVICE . wedncsaanacananves
SLUDGE FILE REGION..¢esaunas .
TSF INTERSECTION..:ssevveseaaasnssnan
ANULAR ATTACK (IGA)

EXFANSION TRANSITION. iveeecraacaanes
TUBESHEET CREVICE. . cutsnnasannnunans
SLUDGE FILE REGION.cscecevncansnsans

TSF INTERSECTION. ..cecaenonas ceresnns
ON FATIGUE. cvs v vunuseaans csenssenausn
~CORROSION. s 2 savns cessnacaas ceas e

ECONDARY SIDE FROBLEMS.u.icvsnnneanes

10, INSERVICE REMEDIAL MEASURES
19.1 TOTAL TUBES FLUGGED. . . v sacnenvnanansannans
10,2 TOTAL TUBES SLEEVED...... reevenresavesnnuna
10.% DTHER (tube expn.,stress relief,peening)...

11. NOTES

11.

11.

11.

11.

11.

11.

1

t-J

[}

D-91
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YES

EFFD to 1st observation)
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DOMINION ENGINEERING, INC.
EFRI/SGOG II1 CRACKING SURVEY
FOINT BEACH 1| (ORIG.S5G)

FLANT DESCRIFTION

1.1 PFLANT NAME AND UNIT NO.eacevesrssaannnnnans
1.2 UTILITY. e vcnenvssnnnsnssoancnssaansnnsannan
1.3 NESS SUPPLIER..esccucannranasrsansnssasnnaan
1.4 ELECTRIC FOWER RATING (MWE) .. euussscenansan
1.5 THERMAL POWER RATING (MWT)eesassnanaseanasns
1.6 DATE OF COMMERCIAL OFERATION..ccevcceeenonn

2. STEAM GENERATOR GENERAL INFORMATION
2. NUMBER OF STEAM GENERATORS....cceeavennanas
2.2 STEAM GENERATOR TYFEs s wsusscsssasssvsasnans
2.% GSTEAM GENERATOR MODEL NO..eevsssssvsnaenaas
4 STEAM GENERATOR FABRICATOR/LOCATION. «cau...
.5 DATE OF STEAM GENERATOR COMFLETION.

[

. STEAM GENERATOR DIMENSIONS

3.1 TUBESHEET THICKNESS (inches).cicicussnesnaa
Z.2 TUBE QOUTSIDE DIAMETER (inches) cveerraveeses
F.3 TURE WALL THICKENESS (inches).ceviesnvevnans
3.4 NUMBER OF TUBES FER STEAM GENERATOR........
T.3 TUBE PITCH (inchesS)aessssencrssennnansnnanoca
3.6 TUBESHEET RADIAL CREVICE (inches)....... -
3.7 DE[FTH OF TUBESHEET CREVICE (inches)........
4. GSTEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL........... cermaarassanan
4.2 TUBE SUFFORT FLATE MATERIAL...... cesenannna
4.7 TUBE MATERIAL.:wuaasasencesassnsnnaaneunnna
4.4 TURE SUPPLIER. ... vannsnannna cameeeas e
4.3 DATE OF TUBE MANUFACTURE. « v vusennuannvennas

o

i k= o
m

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANGE. . ececrvrvsnasnanannaen
CAREON CONTENT RANGE (percent).cssececencas
YIELD STRESS RANGE (kSi).vsesnvasauncaaaanns
MILL ANNEAL TIME/TEMP (min/deg F).i.eiewaens

oo+

6. TUBE EXFPANSION FARAMETERS
6.1 TYFE OF EXPANSION FROCESS.ccivsavncansnnnna
.2 RADII OF ROW 1 AND 2 U-BENDS (inches)......
6.7 PROCESS USED TO FORM BENDS. cuseeenanonsnes .
6.4 GSBTRESS RELIEF AFTER TUBING (hours/deg Fl...

7. STEAM GENERATOR OFERATING FARAMETERS

7.1 PRIMARY COOLANT PRESSURE (PSi).ceuicecanasnn
HOT LEG INLET TEMFPERATURE (deg Fl..eccevuan
COLD LEG OQUTLET TEMFERATURE (deg Fl....v...
HOT LEG HEAT FLUX (BTU/hr/+t"2)c.ceca.-. aea
COLD LEG HEAT FLUX (BTU/hr/+$t"2)ceurieersens
STEAM GENERATOR OFERATING TEMF. (deg Fl.....
STEAM GENERATOR OFERATING FRESS. (psi)......
TYFICAL SLUDGE FILE DEPTH (inchesl).........
WATER CHEMISTRY e u s e e e nvcaannannannusansnan

NS N NN NN N
LWL WPk

D-92

FOINT BEACH 1 (ORIG.S8G)
WISCONSIN ELECTRIC
WEST INGHOUSE

497

1519

12/15/70

-

RWOE

44

WEST INGHOUSE
/7

22.0

. 875
L 0S0
3260

o
PR

L0070
20,00

MN, MO

cs

ALLOY 600
HUNT INGTON
/7

FART DEFTH ROLL
2.188,3.47

H BALL MANDREL
NONE

e e

611
S35

1 Q2000

TO CY % FHOS, AVT




DOMINION ENGINEERING, INC.
EFRI/SGOG II1 CRACKING SURVEY
FOINT BEACH 1 (ORIG.S6)

10.

1.

REFORTED FRIMARY SIDE FPROELEMS (Yes/No, Date or EFFD to 1st abservation)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITION..... cessrennuas

B.1.2 EXFANDED REGION..cuusoncnesnasauvonna

8.1.7 U-BEND TRANSITION.u:esruenanaan e

8.1.4 U-BEND AFPEX-DENTING RELATED .t evaanu.

8.1.5 U-BEND APEX-NOT DENTING RELATED.....

B.1.6 TSP INTERSECTION-DENTING RELATED....

8.1.7 PLUBS...vececenunrsussssssannssnsnsaas YES
8.2 OTHER PRIMARY PROBLEMS(e.g. sulfur attack).
REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1st observation)
9.1 SECONDARY SIDE IGSCC

9.1.1 EXFANSION TRANSITION. «cseucvauaesnsas

2.1.2 TUBESHEET CREVICE......cccns-r=s-avs YES

9.1.7 SLUDGE FILE REGION...:ieesseansonanans YES

?.1.4 TSF INTERSECTION....ceiveennorasnnas
2.2 INTERGRANULAR ATTACEK (IGA)

P.2.1 EXPANSION TRANSITION...ccocnosavansa

?2.2.2 TUBESHEET CREVICE.essssnsssceasarasa- YES

9.2.% SLUDGE PILE REGION.uvwvessnrnens ++... YES
?.2.4 TSP INTERSECTION....veessvsssonunans
9.7 DENTING....ssvcesnnarnannns crres v uns
9.4 CORROSION FATIGUE. .csvoecscavnannasnennanana
?.5 EROSION-CORROSION. . veeeaeanas crsasessaannna
D6 PITTING..wssvaasasresosnassansansnannass e
?.7 WASTAGE...... cemasaea e csecaannsan .+«. YES
7.8 WEAR..... cissasemssesneusnsesrranan e N
9.9 OTHER SECONDARY SIDE PROBLEMS.....:a::..... FOREIGN OBJECTS

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES FLUGGED. et ceennrvanns e v s e 895

10.2 TOTAL TUBES SLEEVED. et icievnuoannnnsns see.a 12-12/873
10.3 DTHER (tube expn.,stress relief,peeningl...

NOTES
11.1

11.

3

11.3

11.4

11.5

11.6

D-93



DOMINION

ENGINEERING, INC.

EFRI/SGOG II CRACKING SURVEY
FOINT EEACH 2

1. FPLANT DESCRIFTION

1.1

Uk idk)

s s e
. .

FLANT NAME AND UNIT NO..svesanconanae

UTILITY s eevenaosossanconannasasnanns
NGSS SUFFLIER:us s avsscaansnsnansnnan
ELECTRIC FOWER RATING (MWE)..... sran

THERMAL FOWER RATING (MWT)...cucanns
DATE OF COMMERCIAL OPERATION........

2. STEAM GENERATOR GENERAL INFORMATION

FI PR B2 ED

Ul Pk

NUMEER OF STEAM GENERATORS...... e
STEAM GENERATOR TYPE:wtcesonrsesnosanns
STEAM GENERATOR MODEL NO..viosvawnna
STEAM GENERATOR FABRICATOR/LOCATION.
DATE OF STEAM GENERATOR COMPLETION..

I. STEAM GENERATOR DIMENSIONS

NPk

L IR B I P |

TUBESHEET THICKNESS (inches).cieeosns
TUBE OUTSIDE DIAMETER (inches)......
TUBE WALL THICKNESS (inches)..cesase
NUMEER OF TUEBES FER STEAM GENERATOR.
TUBE FITCH (inches)..isissusnccnnnaan
TUBESHEET RADIAL CREVICE (inches)...
DEFTH OF TUBESHEET CREVICE (inches).

4. STEAM GENERATOR MATERIALS

4.1

-b-b-lb-h
Lﬂ-b(.-ullJ

[

B k)=
m

[}
aom A
[ P

I 4 k)
m

oo~ A

T

E
1
4
-5
=}
7
8
9

NNNSNNSNSNNNW

TUBESHEET MATERIAL.sevssssvaarsesens
TUBE SUPFORT PLATE MATERIAL...cvases
TUBE MATERIAL..ccveeaveorscencsnsnnans
TUEBE SUPPLIER. i eevenvreraosanannnens
DATE OF TURE MANUFACTURE......cceru.

MATERIAL FROFERTIES :

ASTM GRAIN SIZE RANGE..sv.envrenveans
CAREBON CONTENT RANGE (percent)......
YIELD STRESS RANGE (ksi)....ccanaau.
MILL ANNEAL TIME/TEMP (min/deg F)...

EXFANSION FARAMETERS
TYFE OF EXPANSION PROCESS.c:ceaesess-s

RADII OF ROW 1 AND 2 U-BENDS (inches)......

FROCESS USED TO FORM BENDS:csvuwansas

STRESS RELIEF AFTER TUBING (hours/deg F)...

AM GENERATOR OFERATING FARAMETERS

PRIMARY COOLANT FRESSURE (psi)isaae.
HOT LEG INLET TEMFERATURE (deg F)...
COLD LEG OQUTLET TEMFERATURE {deg F).
HOT LEG HEAT FLUX (BTU/hr/+ft"2).....
COLD LEG HEAT FLUX (BTU/hr7ft"2)....

STEAM GENERATOR OFERATING TEMF.{(deg F).....

STEAM GENERATOR OPERATING FRESS. (psi
TYFICAL SLUDGE PILE DEPTH (inches)..
WATER CHEMISTRY .. s nacennnnnsonnnnas

D-94

Jesnanan

FOINT BEACH 2

WISCONSIN

ELECTRIC

WEST INGHOUSE

497
1519
10/715/72

RWOE
44

WESTINGHOU
/7

22.0

. 872
. 050
JF260
1.234
. QO70
20.00

MN , MO
cs
ALLOY 600
HUNT INGTON
/7

FPART DEFTH
2.188,37.47
H BALL MAN
NONE

-
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DOMINION ENGIMEERING, INC,
EFRI/SGO6G II CRACKING SURVEY
FOINT BEACH 2

3. REFPORTED FRIMARY SIDE FROEBLEMS (Yes/No, Date or EFFD to 1st abservation)
8.1 PRIMARY SIDE IGSCC i
8.1.1 EXFANSION TRANSITION. caveecansonnans
EXPANDED REGION.ccvseanasansnnansans
U-BEND TRANSITION. . vacavsenassusnenn
U-BEND AFEX-DENTING RELATED..:¢...ss.
U-BEND AFEX-NOT DENTING RELATED.:....
TSF INTERSECTION-DENTING RELATED. ...
FLUGS . s enveencnnsssnnarasssnnsananss
FRIMARY PROBLEMS(e.g. sulfur attack).

QOO m W
o e e e
DN R

8.2

?. REPORTED SECONDARY SIDE FROBLEMS (Yes/No,Date or EFPD to 1st observation)
9.1 SECONDARY SIDE IGSCC '
F.1.1 EXPANSION TRANSITION...cccssnvennnns
?.1.2 TUBESHEET CREVICE..u.csesceassnasoa. YES
?.1.7 SLUDGE PILE REGION....csuwesenassanns YES
F.1.4 TSP INTERSECTION:..vecavsaanonnnsnnas
?.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION...evscresananna
.2.2 TUBESHEET CREVICE..u:wescennssonnane YES

?.2.F SLUDGE PILE REGION.....-veevnscaeaass YES
9.2, TSF INTERSECTION. coscasserseassnsnnnn

DENTING..... Pessuesesasassascassusuacas e
CORROSION FATIGUE. e e s svrauveenvssanssnnenna
EROSION-CORROSIOM. s v vveraaonassneascnansnas
FITTING. saeassesenasnnaseanasncasasasananns
WASTAGE. s v v cveranaernenessnanssanssnnsassnsns YES

WEAR. s s s v nssosaerssnuasansnsensasassuancauna

OTHER SECONDARY SIDE PROBLEMS....c..svcuenn

009000 wW-o
EURTURNIN I SR &) RN P

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED....:enosesasnaseansenss 1353
10.2 TOTAL TUBES SLEEVED. . uscesesacenasascanasn. 4150-12/8%
10.3 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11..1

11.

)

]

11.

11.4

11.

w

11.6

D-95




DOMINION ENGINEERING, INC.
EFPRI/SGO6 II CRACEING SURVEY
FRAIRE ISLAND 1

1. FLANT DESCRIPTION

1.1 PFLANT NAME AND UNIT NO...... sewseasnaaseassns FRAIRE ISLAND 1

1.2 UTILITY..ueassnnsaoanasacavisannnsnnnssasnss NORTHERN STATES FWR
1.7 NBESS SUFPFLIER..avessvnans seansnaas vesosaaess WESTINGHOUSE

1.4 ELECTRIC POWER RATING (MWE)e.suaanaseesenas SI0

1.5 THERMAL FOWER RATING (MWT)....a.-.. cseaenssesas 16T0

1.6 DATE OF COMMERCIAL OPERATION. ssuwasaas veee. 12/718/73

rJ

STEAM GENERATOR GENERAL INFORMATION
NUMEER OF STEAM GENERATORS...saceccscasssaas 2
STEAM GENERATOR TYFE.w:wwesscasassessssenes RWIOE

el
2.3 OSTEAM GENERATOR MODEL NOu:.csessonnsnnennnns o1
2.4 STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
2.5 DATE OF STEAM GENERATOR COMPLETION. . ..ccaes //
Z. STEAM GENERATOR DIMENSIONS
3.1 TUEBESHEET THICKNESS (inchesS).iisessrasarns-s 21.0
F.2 TUBE OUTSIDE DIAMETER (incheS).scscsssssease 873
3.7 TUEBE WALL THICKNESS (inchesS).ierecresrarananna «0Q30
3.4 NUMBER OF TUBES FPER STEAM GENERATOR.:2e.s.. 3388
2.9 TUBE FPITCH (inChe@S)aicsssvssasnnasnsnsesens 1.281
3.6 TUBESHEET RADIAL CREVICE (inCheS).isesesssss «00&0
Z.7 DEFTH OF TUEESHEET CREVICE (inches).iavese. 18.00
4., STEAM GENERATOR MATERIALS
4,1 TUBESHEET MATERIAL:scvscssescrsnassanssasnsaas SA 308
4.2 TUBE SUPFPORT PLATE MATERIAL..cvesecacnsancs Cs
4.7 TUBE MATERIAL..u.cecrasuveasnaansansssnnesa. ALLOY 600
4.4 TUBE SUPPLIER. . ecccoansnas snssesnsnssasesws WEST/HUNTINGTON
4.3 DATE OF TUBE MANUFACTURE. .cssvenasusaananse 7/
3. TUBE MATERIAL FROFERTIES
.1 ASTM GRAIN SIZE RANGE. s csascerssesacssanana
5.2 CAREON CONTENT RANGE (percent)..scsaccesssss
S.3 YIELD STRESS RANGE (kSi)uivueoseecanaasavnnens
3.4 MILL ANNEAL TIME/TEMFP (min/deg Flecsesescn.
6. TUBE EXPANSION PARAMETERS
6.1 TYFE OF EXFPANSION FROCESS..ssseannansanasss ROLL
6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.1875,3.4485
6.3 FROCESS USED TO FORM BENDS. . cisveassesesnaas WH BALL MANDREL
6.4 STRES8S RELIEF AFTER TUERING (hours/deg F)... NONE

7. STEAM GENERATOR OFERATING FARAMETERS
7.1 PRIMARY COOLANT PRESSURE (pSi).ciesssvsvanss 2240

7.2 HOT LEG INLET TEMFERATURE (deg Fl....ovveaa 599

7.5 COLD LEG QUTLET TEMFERATURE (deg Fl..ua....

7.4 HOT LEG HEAT FLUX (BTU/hr/ft™2).eeeevivaans

7.3 COLD LEG HEAT FLUX (BTU/hr/ft"2)ceucvscncas

7.6 STEAM GENERATOR OFERATING TEMP. (deg Fl..... 330

7.7 STEAM GENERATOR OFERATING FRESS. (PSi)eceass. 710

7.8 TYFPICAL SLUDGE PILE DEFPTH (inches).u.aveaus..

7.9 WATER CHEMISTRY..... ceseasressrEsenas «saees EARLY FHOS, AVT

D-96



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
FRAIRE ISLAND 1

8. REFORTED FRIMARY SIDE PROELEMS (Yes/Nao, Date or EFFD to 1lst obserwvation)
8.1 FRIMARY SIDE IGSCC

1. EXFANSION TRANSITION.....vecenus casa
. 1. EXFANDED REGION. . i csenenennsnannunns
. 1. U-BEND TRANSITION....... sarsaans «eas YES

U-BEND AFEX-DENTING RELATED..+seuesnas
U-BEND AFEX-NOT DENTING RELATED.....
TSF INTERSECTION-DENTING RELATED....
PLUGS . vcneernerrssncncnsnansnssnnsas
¢ PRIMARY PROBLEMS(e.g. sulfur attack).

O0WXOOODaA
T ok b= s
MNO @ bR

8.2

9. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to 1st observation)

9.1 SECONDARY SIDE IGSCC
F.1.1 EXPANSION TRANSITION. ...vcacusnrnann
92.1.2 TUBESHEET CREVICE.. vt vrnceannans
?.1.3 SLUDGE PILE REGION...cavacsaasusuuns
9.1.4 TSP INTERSECTION....ceeerincaccnnanan

2.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION. sueecnvuansnnan
?.2.2 TUBRESHEET CREVICE...ceuvavsansasaeas YES
9.2.3 SLUDGE PILE REGION....c.vvevancrennn
9.2.4 TSF INTERSECTION....ssesecssnacennas

?.5 DENTING..eiesasnasconssasncanasssnsassnananns

9.4 CORROSION FATIGUE.:wsas.. iesevseenaroesaann

?.5 EROSION-CORROSION....evssaacssscnnasssnsnas

2.6 PITTING.:svecnnaanassasanesasssnssassasesan

?.7 WASTAGE........... cressesnssrsenaresssaan= YES (TSF)
2.8 WEAR.:ceeeeanessossnsanosnsnnnnnnns es:ea==. YES (TSF)
?.9

OTHER SECONDARY SIDE PROBLEMS...e.v.essse... FOREIGN OBJECT

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED.«.scsavasessansnsnnnan . 34
10.2 TOTAL TUEBES SLEEVED....v:eesveons carenan e
10.27 OTHER (tube expn..stress relief,peening)...

11. NOTES

11.1

11.2

11.3

11.4

11.

wm

11.6

D-97



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
PRARIE ISLAND 2

3]

FLANT DESCRIFTION

1.1

1.2
-r

JRI IR A

1
. 4
S

b

T

N R~ M

o] _l}l e A A @

4.1

A A

TUBE PITCH (inchesS).ucaiieisnnsasaansnsans
TUBESHEET RADIAL CREVICE (incheS).vessacas
DEPTH OF TUBESHEET CREVICE (inches)...aussn
STEAM GENERATOR MATERIALS
TUBESHEET MATERIAL.w s vaceasaransanccsansns
TUBE SUPPORT FLATE MATERIAL...csccesnssans
TUBE MATERIAL..savi s s eneneasnnsiasnaannnasn
TUEBE SUPPLIER«.s o essenssassnasnsancensncs
DATE OF TUBRE MANUFACTURE. ...vvvaanconcnnns
MATERIAL PROFERTIES
ASTM GRAIN SIZE RANBE. ... vt vaneannnonons
CAREBON CONTENT RANGE (percent)......caes.-
YIELD STRESS RANGE (kSi)aesuiesnssanavananas
MILL ANNEAL TIME/TEMP (min/deg Fl..eioo.ns
" EXFANSION FARAMETERS .
TYFE OF EXFANSION FROCESS...c.cnevescansas
RADII OF ROW 1 AND 2 U-BENDS (inches).....
FROCESS USED TO FORM BENDS...seavavanennas

PLANT NAME AND UNIT NOuwesvensssssanananaa
UTILITY . e eesnennnassnnuasaasncanssannnnsnns
NESS SUFFLIER..icseiracrncrsnescccncaanans
ELECTRIC FOWER RATING (MWE) ... cesvaanaanes
THERMAL FOWER RATING (MWT).uevineseacaanns

DATE OF COMMERCIAL OPERATION.s:csevesceaas

TEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS......cevescenans
STEAM GENERATOR TYFPE:eseseseoncannnnsnnsnnas
STEAM GENERATOR MODEL NOeevessssnnsossssess
STEAM GENERATOR FABRICATOR/LOCATION..«sxss
DATE OF STEAM GENERATOR COMPLETION.«escuas

AM GENERATOR DIMENSIONS

TURESHEET THICKNESS (inches)...siaeecsnecan
TURE OUTSIDE DIAMETER (incheS)....ccscaass
TURE WALL THICKNESS (inches)......sesncans
NUMEER OF TUBES FER STEAM GENERATOR...s...

STRESS RELIEF AFTER TUBING (hours/deg F)..

STEAM GENERATOR OFERATING FARAMETERS

7.1
7.2

~
DO U R

NN N NN N

FRIMARY COOLANT FRESSURE (psi).v..ceirieoese
HOT LEG INLET TEMFERATURE (deg F).........
COLD LEG OUTLET TEMFERATURE (deg Fl.......
HOT LEG HEAT FLUX (BTU/hr/+t"2).iiunennnn
COLD LEG HEAT FLUX (BTU/hr/ft"2).c.cvveann
STEAM GENERATOR OFERATING TEMF. (deg F)....
STEAM GENERATOR OFPERATING FRESS. (psi).....
TYFICAL SLUDGE PILE DEPTH (inches)........
WATER CHEMISTRY. s ceeussnonaacanssnsansanns

D-98

FRARIE ISLAND 2
NORTHERN STATES FWR
WEST INGHOUWSE
o930

1650
12715774

RWOE
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WEST INGHOUSE
/7

21.0
875
- 050
3388
1.281
0060
18.00

gSA 508

cs

ALLOY 400
WEST/HUNTINGTON
/7

FPART DEPTH ROLL
2.1875,3.4685
WH BALL MANDREL
NONE
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DOMINION ENGINEERING, INC.
EFRI/SGOG 11 CRACEING SURVEY:
FRARIE ISLAND 2

2. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFPD to 1st aobservatiom)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXPANSION TRANSITION. .vercueeonrunes

8.1.2 EXFPAMDED REGION..a.awesssannwnas e
8.1.% U-BEND TRANSITION. .ccvcvcvsnsssacnas
8.1.4 U-BEND AFEX-DENTING RELATED..cew-vas
8.1.5% U-BEND AFPEX—NOT DENTING RELATED.....
8.1.6 TSF INTERSECTION-DENTING RELATED....
8.1.7 PLUGBS..sceeesassannasraansassnnnvans
8.7 OTHER FRIMARY PROBLEMS(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION..sveaserecenans
9.1.2 TUBESHEET CREVICE.-ctcvancnnscasnans
?.1.3 SLUDGE PILE REGION..csscavacsnannans
%9.1.4 TSP INTERSECTION..eccarcseansassvnne
2.2 INTERGRANULAR ATTACK (IGA)
§.2.1 EXPANSION TRANSITION....cavccucsaass
9.2.2 TUBESHEET CREVICE.«casesnmnvsvancnns
9.2.% SLUDGE PILE REGION....uveseaannnanns
9.2.4 TSF INTERSECTION. ¢cccavanaenrns [
DENTING: suesmerossnusanassnassnarsscssansss
CORROSION FATIGUE. cuvarssnosnasnnnvesasnnns
EROSION-CORROSION. c s cnavsansssnssasccarnsss
WOASTABE . e ssvrsssannssanssansssassnnnnss=nses YES (TSF)
WEAR..... sneesemrssanaesaeans veessasssesnsss YES (TSF)
OTHER SECONDARY SIDE FROELEMS.

090000900
O ONTWNR
o
—

—

—

—

P
G

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TURES FLUGGBED. v v v v enerensnansesnannna 34
10.2 TOTAL TUBES SLEEVED. ... vea.s esamresssenmas .
10.3 OTHER (tube expn.,stress relief,peeningl...

11. MOTES
11.1

11.

8]

11.4

11.

i

11.4

D-399



DOMINION

FINGHALS

ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
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1. FLANT DESCRIFTION
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FLANT NAME AND UNIT NO.wwwsnsonasons

UTILITY . e vt ennsnennnarsananesannnnsnn

NEES SUPPLIER. ivesennsvanennnsnnaras
ELECTRIC POWER RATING (MWE)...vuvuae
THERMAL FPOWER RATING (MWT).u.uassna-

DATE OF COMMERCIAL OPERATION.....so.-

2. GSTEAM GENERATOR GENERAL INFORMATION

NUMEBER OF STEAM GENERATORS....caa...
STEAM GENERATOR TYPE..eoeaevnvaarans
STEAM GENERATOR MODEL NO....ccuessss
STEAM GENERATOR FABRICATOR/LOCATION.
DATE OF STEAM GENERATOR COMFLETION..

. STEAM GENERATOR DIMENSIONS

TUBESHEET THICKENESS (inches)..eueasan
TUBE OUTSIDE DIAMETER (inchesS)......
TUBE WALL THICKNESS (inches)...uvene
NUMEBER OF TUEES PER STEAM GENERATOR.

TUBE FITCH (incheS).siccavacvesssennness fe s

TUBESHEET RADIAL CREVICE (inches)...
DEFTH OF TUEESHEET CREVICE (inches).

TEAM GENERATOR MATERIALS

TUBESHEET MATERIAL. . .v e anan- r e e ere s
TUBE SUFFORT FLATE MATERIAL.veesas s aanonens
TUBE MATERIAL. .« eveennnananas fessaas e
TUEE SUPFLIER..«eecesnnana frstsramsaseanaas .n

DATE OF TUBE MANUFACTURE.....

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANGE...... e m e
CARBON CONTENT RANGE (percent).ivsessssens-a

YIELD STRESS RANGE (kSi).eu.w. s

MILL ANNEAL TIME/TEMFP (min/deg Fl....uea.. -

EXFANSION FARAMETERS

TYFE OF EXPANSION FROCESS. v cseccnanass e
RADII OF ROW 1 AND Z U-BENDS (inches)

FROCESS USED TO FORM BENDS.....cca.s

AM GENERATOR OPERATING FARAMETERS

FRIMARY COOLANT FRESSURE (psid.ss...

STRESS RELIEF AFTER TUBING (hours/deg F)...

HOT LEG INLET TEMPERATURE (degQ Flusesseeaa.

COLD LEG QUTLET TEMFERATURE (deg F).

RHOT LEG HEAT FLUX (BTU/Rr/ft"2) e ueeaccas ..
COLD LEG HEAT FLUX (BTU/hr/ft"2) . .cuae... e
STEAM GENERATOR OFERATING TEMF. (deg Fl.....
STEAM GENERATOR OFERATING PRESS. (psi)

TYFICAL SLUDGE FILE DEFTH (inches).........
WATER CHEMISTRY....cvueauua.. ferreiaaaaaens
D-100

RINGHALS Z2

SWED. STATE FOWER
WESTINGHOUSE

B20

LY Be Koe)
o<

has

S/15/74

2 L
RWOE
S1C

/7

21.0
.875
. 050
7588
1.281
L O0ED
18.75

FORG.STI..

SA 308

ALLAQY 600
WEST INGHOUSE
/’/

8—-10

.0T3-.05

1875Furn, 1775 Tube

FART DEFTH ROLL
2.1875,3.4683

W BALL MANDREL
NONE

mAATTE
Prap e |
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=58

528
855

1.1
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DOMINION ENGINEERING, INC.
EFRI/SGOG 11 CRACKING SURVEY
RINGHALS 2

REFORTED FRIMARY SIDE FROELEMS Date
8.1 FPRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION.....
EXFANDED REGION...
U-BEND TRANSITION
U-BEND AFEX-DENTING RELATED.....-
U~EEND AFEX-NOT DENTING RELATED..
TSF INTERSECTION-DENTING RELATED.
FLUBS . e erussuensannssanennssnnsns
FRIMARY FROELEMS(e.g.

(Yes/Na,

2
-

8.

REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date
9.1 SECONDARY SIDE IGSCC

9.1.1 EXPANSION TRANSITION.....-
9.1.2 TUBRESHEET CREVICE.....
?.1.3 SLUDGE FILE REGION.....
9.1.4 TSP INTERSECTION.........
INTERGRANULAR ATTACE (IGA)

9.2.1 EXFANSION TRANSITION.....
9.2.2 TUBESHEET CREVICE.......-
9.2.% SLUDGE PILE REGION......
?.2.4 TSP INTERSECTION. .a.aesss
DENTING. .«
CORROSION FATIGUE. s caeaavaoanan
EROSION~CORROSION. . s-vs
PITTING.asus-
WASTAGE. - c s s e

WEAR «covsssanasssaanssanassnnnosssannsnens

OTHER SECONDARY SIDE FROBLEMS....

L OO

INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED....
10.2 TOTAL TUBES SLEEVED..wessaenscaaavnans
10.% OTHER (tube expn.,stress relief,peening)

10,

11. NOTES

11.1

i1.

11.

ol

11.

11.

11,

D-101

sulfur attack)

or EFFD to 1st observation)

YES

or EFFD to 1st observation)

F00

ALL ROW 1 U BENDS FLUGGED



DOMINION ENGINEERING, INC.
EFRI/SG0O6G II CRACKING SURVEY
RINGHALS =

o

~l

FLANT DESCRIFTICN

1.1 FLANT NAME AND UNIT NO........ reasseana e
1.2 UTILITY.ewessnnnsonsnnans s eazearsasenan
1.7 NBESS SUPFLIER. .. it vrenaesncronnnsnnnannens
1.4 ELECTRIC FOWER RATING (MWE).....cvevrennoann
1.5 THERMAL FOWER RATING (MWT)..... e reasenean
1.6 DATE OF COMMERCIAL OPERATION......... chenen

STEAM GENERATOR GENERAL INFORMATION

2.1 NUMBER OF STEAM GENERATORS. .ccacsencssssnan
2.2 GSTEAM GENERATOR TYFE. ...t erannsananvsnnces
2.7 STEAM GENERATOR MODEL NO.o.vessvsnsnsnnnnse
2.4 STEAM GENERATOR FAERICATOR/LOCATION........
2.5 DATE OF STEAM GENERATOR COMFLETION.........

STEAM GENERATOR DIMENSIONS

Z.1 TUBESHEET THICKNESS (incheS).ceeeoeansassann
F.2 TUBE OUTSIDE DIAMETER (incheS)eesasseassanss
TUBE WALL THICKNESS (inchesS).ccscscasncaans
NUMEBER OF TUBES PER STEAM GENERATOR. ..owees
TUBE FITCH (incheS) cuiceasavasassnennannssnrns
TUBRESHEET RADIAL CREVICE (inches)..siuewcas
DEFTH OF TURESHEET CREVICE (inches)....... .

~N ot

-
—tw
-
R
-~
P
-r
2

STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL.. v e tantvvnansssancesonss

4.2 TUBE SUFPFORT FLATE MATERIAL..:eveveeeccnnnns
4.7 TUBE MATERIAL..sersssvrsncccsssnsassccsscnna
4.4 TUBE SUFPLIER....evsesoaannas seceasnevenanan
4,5 DATE OF TUBE MANUFACTURE. s« vvsceenneassnnns

TUBE MATERIAL PROFERTIES

S.1 ASTM GRAIN SIZE RANGE..ccseaeicrieananssanns
3.2 CAREBON CONTENT RANGE (percent)..ccesccescacs
o«3 YIELD STRESS RANMGE (kSi)aeuwaeeesnecsnoenanans
S.4 MILL ANNEAL TIME/TEMF (min/deg Fleoeeevasass

TUEBE EXFANSION FARAMETERS

6.1 TYFE OF EXFANSION FPROCESS. .o cnrnnaesss .
6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)......
6.7 FROCESS USED TO FORM EENDS.....cceeaennns .
6.4 GSTRESS RELIEF AFTER TUBING (hours/deg F)...

STEAM GENERATOR OFERATING FARAMETERS

7.1 FRIMARY COOLANT PRESSURE (psi)...icvvncanes
7.2 HOT LEG INLET TEMFERATURE (deg Fl...vivuacenns
7.3 COLD LEG OUTLET TEMFERATURE (deg Fl)........
7.4 HOT LEG HEAT FLUX (BTU/hr/ft 2)eiensenannss
7.5 COLD LEG HEAT FLUX (BTU/hr/ft"2)..ueciveae..
7.4 STEAM GENERATOR OFERATING TEMF. (deg F).....
7.7 STEAM GENERATOR OFERATING FRESS. (psi)......
7.8 TYFICAL SILUDGE FILE DEFTH {(inch&S).cesseans
7.9 WATER CHEMISTRY..cssncnn.. verratuassasanrnn

D-102

RINGHALS 3
SSFPB
WESTINGHOUSE
F00

4/15/81

-

RWE

D3

WEST INGHOUSE
/7

21.0
. 730
0473
44674
1.060
« 0000
Q0.00

ALLAY &00
WEST INGHOUSE
/7

8-9
1875 Furn.,1775 Tube

F.D.ROLL/DAM
2.250,3.312

W. BALL MANDREL
NONE

2230

618

e T




DOMINION ENGINEERING, INC.
EPRI/SGOG 1II CRACKING SURVEY
RINGHALS 3

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC .
8.1.1 EXFANSION TRANSITION...us... feeasaea
8.1.2 EXFPANDED REGIOM.::seecasnsnassn=nsss YES-EBY ECT
8.1.3 U-BEND TRANSITION......cuc... e emesen
8.1.4 U-BEND AFEX-DENTING RELATED«wsvesusns
8.1.5 U-BEND AFPEX—-NOT DENTING RELATED.....
8.1.6 TSF INTERSECTION-DENTING RELATED....
L i T
8.2 O0THER FRIMARY PROEBLEMS(e.g. sulfur attack).
9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to lst observation)
9.1 SECONDARY SIDE IGSCC
?.1.1 EXFANSION TRANSITION. .. .cececaanceoas
TUBESHEET CREVICE. . vesesannssanaanss
SLUDGE PILE REGION. cseeennaersacanns
TSF INTERSECTION. . cececaeneacnnoennsse
(GRANULAR ATTACE (IGA)
EXFPANSION TRANSITION. .v:ecesnsanssns
TUEBESHEET CREVICE. .t caesnnansnannses
% SLUDGE PILE REGION...¢cceonccassncna
?.2.4 TSF INTERSECTION. ...ocascuensnssances

Zaos o
BRI R A e e
Me » =«
A id k)

00H000

R O

t

P.7 DENTING...csveeensusassnssnsssnsssnnnsnsanns
?.4 CORROSION FATIGUE.«ssssesusascannvornonnnns
2.5 EROSION-CORROSION. .+ vcvssesssenssnsnsannans
7.6 PITTING......... asaasssssssesamvraavennann
9.7 WASTAGE......ivususnsnsoerasansrnssnnannns .
7.8 WEAR. ..ot eereeranannseevssnsncnsncansnas ... YES(FREHEATER)
2.9 OTHER SECONDARY SIDE FROBLEMS..cseescunaans

10. INSERVICE REMEDIAL MEASURES :
10.1 TOTAL TUEBES FLUGGED. s ¢enseueeescsoanaancnnns
10.2 TOTAL TUBRES SLEEVED...... cesersmsms s unna
10.% OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1

11.

+J

11.3

11.4

11.

a

11.6

D-103



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
ROBINSON 2 (ORIG SG)

FLANT DESCRIPTION
1.1 PFLANT NAME AND UNIT NO.uuwsssssaenasunsnasnsus

. L
NESS SURFLIER. s cereeaenvasenansunnaesnannens
ELECTRIC POWER RATING (MWE) .. 'ueeenneenuans

THERMAL FOWER RATING (MWT).u.oiuwannnananana
DATE OF COMMERCIAL OFERATION. cceaeneennsnnes

o bR

- s s e
.

STEAM GENERATOR GENERAL INFORMATION

: NUMBER OF STEAM GENERATORS. .. .ccesssannasnns
STEAM GENERATOR TYFE.::wivasusecsannarannans
STEAM GENERATOR MODEL NO..seeenusensnosanna
STEAM GENERATOR FABRRICATOR/LOCATION. .cvcssas
DATE OF STEAM GENERATOR COMFLETIOMN...susa..

-)

[0 2 8 R

k) R B3 BRI E

STEAM GENERATOR DIMENSIONS

2.1 TUBESHEET THICKNESS (inches).eessececransns
TUBE OUTSIDE DIAMETER (inchesS).cessasansass
TUEE WALL THICKNESS (inchesS).ceussesosesans
NUMEER OF TUBES PER STEAM GENERATOR. .zavaas
TUBE PITCH (inches) e it evrnvrasanssennsnns
TUBESHEET RADIAL CREVICE (inches)....ceeaa-a
DEFTH OF TUBESHEET CREVICE (inches)....... .

NGO &R

[ERA R E e L

EAM GENERATOR MATERIALS

1 TUBESHEET MATERIAL......... ParsasEsa e
2 TUBE SUPPORT FLATE MATERIAL..ve..-. ceassvas
3 TUBE MATERIAL::u:eceeacensncansnannnannsnnnn
4 TUBE SUPPLIER. . eceessanscnanensnnsannnsnans
S DATE OF TUBE MANUFACTURE. .t evecenannras e

c

H R~
m

MATERIAL PROFERTIES

ASTM BRAIN SIZE RANGE. «.vceacssnnsnanaannns
CAREBON CONTENT RANGE (percent).cceeecceacass
YIELD STRESS RANGE (KSi)uuoeesseunmnesanannans
MILL ANNEAL TIME/TEMP (min/deg Fleieeeserneo

g

c

HidR)
m

EXFANSION FARAMETERS

TYFE OF EXPANSION FROCESS.csasasnascnannnns
RADII OF ROW 1 AND 2 U-BENDS (inches)......
PROCESS USED TO FORM BENDS........ Peeaenna
STRESS RELIEF AFTER TUBING (hours/deg F)...

TEAM GENERATOR OFERATING PARAMETERS
FRIMARY COOLANT FPRESSURE (PSi)eeusccravacaas
HOT LEG INLET TEMPERATURE (deg Fl....... -
COLD LEG OUTLET TEMFPERATURE (deg Fl...... ..
HOT LEG HEAT FLUX (BTU/hr/$t"2)..ueincsans .e
COLD LEG HEAT FLUX (BTU/hr/ft™2) cuuuvsnacan
STEAM GENERATOR OFERATING TEMP, (deg F)l.....
STEAM GENERATOR OPERATING FRESS. (pSi)see...
TYFICAL SLUDGE FILE DEFTH (incheS).ssesaa~-
WATER CHEMISTRY.:uvasau. tersesacans ensaanacs

NNNNNSNNSNNm coo~0 4
NN B R - m

D-104

ROEBINSON 2 (ORIG SG)
CAROLINA PL
WEST INGHOUSE
770
2700

3/15/71

RWOE
44

WEST INGHOUSE
/77

22.0
. 875
. 050
I2460
234
L OO70
18.00

MN, MO

cs

ALLOY 600
HUNTINGTON
/7

48

FART DEFTH ROLL
2.188,3.47

H BALL MANDREL
NONE

AmTTe
AP

&04
546
104000

S18
786
11-22
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DOMINION ENGINEERING, INC.
EFRI/SGO6G I1 CRACKING SURVEY
ROEINSON 2 (ORIG SG)

10.

11.

REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITIOM. ...scsevecenans
8.1.2 EXFANDED REGION...«sveesanvas chew s
8.1.3% U-BEND TRANSITION. s cssaraananse PR
8.1.4 U—-EEND AFEX-~DENTING RELATED...veeeae
8.1.5 U-EBEND AFEX—-NOT DENTING RELATEDu.....
B.1.6 TSF INTERSECTION-DENTING RELATED....
8.1.7 PLUBS.. . vecvessrsacmnanssnnsnenannnnnna
8.2 OTHER PRIMARY FROBLEMS(e.g. sulfur attack).
REFORTED SECONDARY SIDE PROELEMS(Yes/No,Date or EFFD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION. sseseseseanasus
9.1.2 TUBESHEET CREVICE..cassssasuaesssn==s YES |
?.1.% SLUDGE PILE REGION. .. cecceecrsaanssun |
9.1.4 TSF INTERSECTION..seccsassssunssnecnns
2.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXFANSION TRANSITION..:casusssssanas
9.2.2 TUBESHEET CREVICE.«cecessssnensecsan=s YES
9.2.% SLUDGE PILE REGION...scosacacsasasss YES
2.4 TSP INTERSECTION..vcecerevasssassnnnan
DENTING. . cveansnsessenncancnnsnansanasnssans
CORROSION FATIGUE. e cvsenreunsnanancssnnnnns
EROSION-CORROSION. e sesersaucancanonannssanans
PITTING. ccssssanunssenasnnsacnnssncasnnnnssn
WASTAGE. s v esesasonnsassnssnnssansnnnannsens YES
WEAR. . ecueeoessoansssnsnssansnnsnnananrsanss YES
ODTHER SECONDARY SIDE PROBLEMS....cvevesaana

000000
GONOCWMP

INSERVICE REMEDIAL MEASURES

10,1 TOTAL TUBES FLUGBED. s s csucasnacvcaesaanns —O0
10.2 TOTAL TURES SLEEVED..cetsnscacsanssasessnnns
10.3% DOTHER (tube expn.,stress relief,peening)...

NOTES

11.1

11.2

11.3

11.4

11.

w

11.6

D-105



DOMINION

ENGINEERING, INC.

EFRI/SG0OG II CRACKING SURVEY

SALEM .1

A
1
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S
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2.1
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F
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i

3.1

|
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~N O

Cd U 0 L (o L

NT DESCRIFTION

FLANT NAME AND UNIT NO.ssoasseasanans
UTILITY....
NESS SUFFLIER:«aw e,
ELECTRIC FOWER RATING
THERMAL FOWER RATING

(MWE) .
(MAT) eaavus

DATE OF COMMERCIAL OFERATION. .cueauus

STEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS....sveaanas
STEAM GENERATOR TYPE. «cecressraannnsas
STEAM GENERATOR MODEL NO...veiowsaaans

STEAM GENERATOR FABRICATOR/LOCATION.

DATE OF STEAM GENERATOR COMFLETION...

. STEAM GENERATOR DIMENSIONS

(incheS)iiseauare
(inches)easneas
(inchesS)serssasuss
NUMBER OF TUBES PER STEAM GENERATOR..

TUBESHEET THICKNESS
TUBRE OUTSIDE DIAMETER
TUBE WALL THICKNESS

TUBE FITCH (inches)
TUBESHEET RADIAL CREVICE (inches)
DEFTH OF TUBESHEET CREVICE

4. STEAM GENERATOR MATERIALS

4.1

b id k)

S h b

C

HLlk) = m
m

mama A

c
m

o000 o
H k)= m

~
—

NN N NN NN N
YONGU PR

TUBESHEET MATERIAL. ccvncenennessannns
TUEBE SUPPORT FLATE MATERIAL:cscss e
TUBE MATERIAL.«sccarassvnacnavasnnsns

TUEE SUFPLIER..cacaas
DATE OF TUBE MANUFACTURE. e sneovaesas

MATERIAL FROFERTIES
ASTM GRAIN SIZE RANGE........
CAREON CONTENT RANGE (percent)..
YIELD STRESS RANGE (ksSi).ieeeeaannnns
MILL ANNEAL TIME/TEMF

EXFANSION FARAMETERS

TYFE OF EXPANSION FROCESS..cesovesass
RADII OF ROW 1 AND 2 U-BRENDS
PROCESS USED TO FORM BENDS...c.vcosens

(inches)..

(min/deg F)....

(inches).

STRESS RELIEF AFTER TUEING

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

(hours/deg

STEAM GENERATOR OFERATING FARAMETERS
FRIMARY COOLANT PRESSURE
HOT LEG INLET TEMFERATURE
COLD LEG QUTLET TEMFERATURE

(PSi)ucucacas
(deg Floas.e.
(deg F)
(BTU/hr/f$2"2) v uen v
(BTU/hr/7ft"2) e e ans

STEAM GENERATOR OFERATING TEMF. (deg F)
STEAM GENERATOR OPERATING FRESS. (psi).

TYFICAL SLUDGE FILE DEFTH

WATER CHEMISTRY..

(inches)....

Flon.

SALEM 1

FUBLIC SERVICE E%G
WEST INGHOUSE

1090

12/15/76

4
RWOE

51

WEST INGHOUSE
7/

21.0
. 875
. 050
3388
. 281
« Q000
00.00

SA
Cs
ALLOY 600
WEST/HUNTINGTON
/7

208

ROLL/EXFLOSIVE
2.1875, 5. 4685
WH EALL MANDREL
NONE

Rar Lo T —4
2235

609
544

o764
790
Q.25
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DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
SALEM 1

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXPANSION TRANSITIOM. wsveansncesseasns

8.1.2 EXFANDED REGION. ussessvunvusavrcnnas
8.1.7 U-BEMD TRANSITION.tvueresovseronnvas
B8.1.4 U-EBEND AFEX-DENTING RELATED...vcauw.
8.1.5 U-BEND AFEX-NOT DENTING RELATED.....
B.1.6 TSF INTERSECTION-DENTING RELATED....
"8.1.7 PLUBS..vuvennrosucvssosasnansssanssas
.2 0OTHER PRIMARY FPROBLEMS(e.g. sulfur attack).

?. REFORTED SECONDARY SIDE FPROBLEMS(Yes/No,Date or EFFD to 1ist observation)
9.1 SECONDARY SIDE IGSCC
F.1.1 EXFPANSION TRANSITION. c.cccveecnsnses
?.1.2 TUBESHEET CREVICE..csecetsesncsvnnses
9.1.3 GSLUDGE PILE REGION..covsunssnosaans
F.1.4 TSP INTERSECTION..evecreenonnanaanas
7.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXFANSION TRANSITION. «cosansaacnuasns
?.2.2 TURESHEET CREVICE...cevercaneansunns
F.2.3 SLUDGE FILE REGION.cs et eveasasonnns
«2Z.4 TEF INTERSECTION. ...vereneeansnaanss

P.3 DENTING.uwweseenenenensrannanssssnnasessnsss YES(MILD)
9.4 CORROSION FATIGUE. «uvreunsreannarnnsanennns

9.5 ERDSION-CORROSION. . .vvausuns Chaeaemeaaaenns

T A 1 4

9.7 WASTAGE..useeuursnsnnanssssrasasssnessssnss YES

Pu8 WEAR. «urevnransuernnnnennns e vesseu. YES

2.9

OTHER SECONDARY SIDE PROBLEMS.............. TLBD DAMAGE

1. INSERVICE REMEDIAL MEASURES
19.1 TOTAL TUBES FLUGGBED. . v s assessransansaannans 101
10.2 TOTAL TUBES SLEEVED.....wcc... sesemasecsenns
10.% OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1

11.

3]

11.

i

11.4

11.

w

11.6

D-107




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY

SALEM 2

1. FPLANT DESCRIFTION
1.1 PLANT NAME AND UNIT NO..secsenevaauuannnss .
1.2 UTILITY.eeanerenarenansesusnaanosancneanansaa
1.7 NSSBE SUPPLIER:..ceveeeanrarns resmesu e na
1.4 ELECTRIC FOWER RATING (MUWE)aueeaeuuanononss
1.5 THERMAL FOWER RATING (MWT).eseriuuwseannnnnonn
1.6 DATE OF COMMERCIAL OFERATION.«eataesesaanss

2. STEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS. ....cennaoncsnns
STEAM GENERATOR TYPE::wesosereraaassnanannn
STEAM GENERATOR MODEL NO.:easssecenaaaanansa
STEAM GENERATOR FAEBRICATOR/LOCATION...2exss
DATE OF STEAM GENERATOR COMPLETION...n«.o.-

[SRSENESES]

B R

I STEAM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inCheS).creacenasssnns
TUBE QUTSIDE DIAMETER (inCheS)seesuscassnas
TUBE WALL THICKNESS (incheS).scsevanasnasss
NUMBER QF TUEBES FPER STEAM GENERATOR. s sssw
TURE PITCH (iNChES).icescaassonnsanscnsacuns
TUBESHEET RADIAL CREVICE (incheS)eviessevsa
DEFTH OF TUBESHEET CREVICE (incheS)..ceecas

NO U b R e

e L G G A A

4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL.:ctevsacsannnsnonasaenss
TUEBE SUFFORT PLATE MATERIAL. . vucaereneaasaa

L2 3]

4. TUBE MATERIAL.cucrenernunmennssaaannsnoannas
4.4 TUBE SUFFLIER...:scenovancesnsssnannsosansss
4.5 DATE OF TUBE MANUFACTURE. v everennsnnsneans
<. TUEBE MATERIAL FROFERTIES
S.1 ASTM GRAIN SIZE RANGE. cvvsvnensn crassaaaenn
<.2 CAREON CONTENT RANGE (percent)...c.cceecacsss
5.3 VYIELD STRESS RANGE (KSi)esessssanasss crmean
J.4 MILL ANNEAL TIME/TEMFP (min/deg Fl..esvesans
6. TUEBE EXFANSION FPARAMETERS
6.1 TYFE OF EXPANSION PROCESS..vcuessassunnnnns
6.2 RADII OF ROW 1 AND Z U-BENDS (inches)......
6.7 PROCESS USED TO FORM BENDS. .« .:iaveassannns .
6.4 GBTRESS RELIEF AFTER TUBRING (hours/deg F)...

7. STEAM GENERATOR OFERATING FARAMETERS
7.1 FRIMARY COOLANT PRESSURE (PSi)ueveeeevsannns

7.2 HOT LEG INLET TEMFERATURE (deg Fl.ov.eeevanns
7.3 COLD LEG OUTLET TEMFERATURE (deg Fl..u.u.a..-
7.4 HOT LEG HEAT FLUX (BTU/hr/ft"2)...u... PR
7.5 COLD LEG HEAT FLUX (BTU/hr/ft"2)cuuniannnns
7.6 STEAM GENERATOR OFERATING TEMP. (deg F).....
7.7 STEAM GENERATOR OFERATING FRESS. (PSi)ausa.sn
7.8 TYFICAL SLUDGE FILE DEFPTH (inches)..cauvess.
7.9 WATER CHEMISTRY.ceaasanantansnanansanannnns
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FUBLIC SERVICE

WESTINGHOUSE
1090

10/15/81

4
RWOE

g1

WEST INGHOUSE
/7

21.0
. 875
005
3388
1.281
ulelalsl
Q0. 00

8A 308
cs
ALLOY 600

WEST/HUNT INGTON

/7

ROLL/EXFLOSIVE
2.1875,3.4685
WH BALL MANDREL

NONE

.25

AVT ONLY
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DOMINION ENGINEERING, INC.
EFRI/SG0G II CRACKING SURVEY
SALEM 2

10,

11.

REFORTED FRIMARY SIDE FROELEMS

8.1

8.2

REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to 1st observation)

2.1

N0V 00Q
MONOA B

FRIMARY SIDE IGSCC

EXFANSION TRANSITION. .. ...«
EXPANDED REGION. .. vessnencannsen
U-EEND TRANSITIOM..............

(Yes/No,

Date or EFFD to 1st observation)

U—-BEND AFEX—-DENTING RELATED.s.esuens
U-BEND AFEX-NOT DENTING RELATED....
TSF INTERSECTION-DENTING RELATED...

PLUBS. cenarescereverssnansvanns

PRIMARY FROBLEMS(e.g. sulfur attack).

SECONDARY SIDE IGSCC
EXPANSION TRANSITION. e neensncans

9.1.1
?.1.2
F.1.3
?.1.4

TUBESHEET CREVICE.........
SLUDGE FILE REGION........
TSF INTERSECTION.:ceseaaas

INTERGRANULAR ATTACK (IGA)

9.2.1
9.2.2
9.2.3

?.2.4

EXPANSION TRANSITION......
TUBESHEET CREVICE.........
SLUDGE FPILE REGION........
TSF INTERSECTION...seeoaa-
DENTING. . veseersenussascsannanns
CORROSION FATIGUE. . ceesrenanenns
ERODSION-CORROSION. ..o vencnans e
PITTING. . e v s s ssuvnennsannaonnns
WASTAGE. ..... hesemanenans Pee e
WEAR. s s v e viecnatnenasasacnsnonnns
OTHER SECONDARY SIDE FROBLEMS....

INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED....vesceens can

10.2
10,3

NOTES
11.1

11.2

11,

4

11.4

11.5

11.6

TOTAL TUBES SLEEVED. covevmrsencrnucasrnns

OTHER

(tube expn.,stress relief,peening)...

D-109




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
SAN ONOFRE 1

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NO....cssessssssssasss SAN ONOFRE 1

1.2 UTILITY .t evnennnonosensonrnennnnnnns vere... SOUTH CAL EDISON
1.5 NSSS SUFPLIER. . vssssnceenosnnsannssnsenssss WESTINGHOUSE
1.4 ELECTRIC FOWER RATING (MWE) s :eeeuseseneene. 436

1.5 THERMAL FOWER RATING (MWT)uveceeseeeereanss 1347

1.6 DATE OF COMMERCIAL OFERATION. «sseeasnesars. 1/15/68

2. STEAM GENERATOR GENERAL INFORMATION
2.1 NUMRER OF STEAM GEMERATORS.:i¢+ececncenenanas I
STEAM GENERATOR TYPE. .. .isceasrrsaenrsaanas RWOE
STEAM GENERATOR MODEL NOsueiesevcnearnnnass 27
STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
DATE OF STEAM GENERATOR COMPLETION......... //

3]
D]

[S RN
w o

L

. STEAM GENERATOR DIMENSIONS
Z.1 TUBESHEET THICKNESS (inches).cissssrcecncees 22.6

TUBE OUTSIDE DIAMETER (inchesS)essssasssaaaas 750

TUBE WALL THICKNESS (inches)..ssssnsscesnas 03T

NUMBER OF TUBES PER STEAM GENERARTOR........ 3794
TUBE FITCH (inches)oucasassesrrsassnnsssanaa 1,026
TUBESHEET RADIAL CREVICE (inchesS):scassvea. 201135
DEFTH OF TUBRESHEET CREVICE (inches)........ 18.00

4
2

N B A b

G e T B O 0

4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL....ccvsenenasvesneaneasas FORG. STL.

.2 TURE SUFPORT FLATE MATERIAL......vsvseevees CS
4.% TUBE MATERIAL.::esaesveonsasssanonannnnnana ALLQOY 600
4.4 TUBE SUFFLIER...csuvevusnsesvssanasssnansss HUNTINGTON
4.5 DATE OF TUBE MANUFACTURE........ cesennsaneas /7
5. TUEBE MATERIAL FROFERTIES
S.1 ASTM GRAIN SIZE RANGE. . v eraverevanevnnans
5.2 CARBON COMTENT RANGE (percent).....civccnn.
.3 YIELD STRESS RANGE (KSi)e.ueasncansascnnans
5.4 MILL ANNEAL TIME/TEMF (min/deg F)lu..acaveann
6. TUBE EXFANSION FPARAMETERS
6.1 TYFE OF EXFANSION PROCESS.cesuieaseeaenaess. PART DEFTH ROLL
6.2 RADII OF ROW 1 AND Z U-BENDS (inches)......
&.7 FROCESS USED TO FORM BENDS.wsveernenarans .. H EBALL MANDREL
4.4 STRESS RELIEF AFTER TUBING (hours/deg F)... NONE
7. STEAM GENERATOR OFERATING FARAMETERS
7.1 FRIMARY COOLANT FRESSURE (psi)....... e eane 2050
7.2 HOT LEG INLET TEMFERATURE (deg Fl....seeean. S75
7.7 COLD LEG QUTLET TEMFERATURE (deg F)........ 32B
7.4 HOT LEG HEAT FLUX (BTU/hr/ft" ) .. veeacanann 108000
7.5 COLD LEG HEAT FLUX (BTU/Rr/ft™2)ceuerinsens
7.5 STEAM GENERATOR OFERATING TEMF. (deg Fl..... S05 .
7.7 STEAM GENERATOR OFERATING PRESS. (psi)...... 600
7.8 TYFICAL SLUDGE FILE DEFPTH (inches)....uea.. .18
7.9 WATER CHEMISTRY.ussstcaannvenasnonnossnnanas FHOSFHATE (BRIEF AVT
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DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
SAN ONMOFRE 1

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to ist observation)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFANSICN TRANSITION...... cesssssacns
X EXFANDED REGIOM...... crrarsaurannann
.5 U-BEND TRANSITION..... reseasae s
.4 U—-BEND AFEX-DEMTING RELATED...:scasn
< U-EEND AFEX-NOT DEMTING RELATED.....

.6 TSP INTERSECTION-DENTING RELATED....
.7 PLUBS.. v eavrnnesnsvannnnsnnns crsnens
8.2 R FRIMARY FROBLEMS (e.g. sulfur attack).
9. REPORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to ist observation)
.1 GSECONDARY SIDE IGSCC

F.1.1 EXPANSION TRANSITION. cuevrsnonsnssnses

?.1.2 TUBRESHEET CREVICE...s:ccanncenessssns YES
.3 SLUDGE PILE REGION....sveescassnesaa. YES
.4 TSF INTERSECTION....v.esecuosnnnnnuns
ERGRANULAR ATTACKE (IGA)
2.1 EXPANSION TRANSITION....ceevenennsas
2.2 TUBESHEET CREVICE..v:ssevessa=sansss YES
.2 BSLUDGE PILE REGIOM....cceaenssssneas YES
4 TSF INTERSECTION. csussvesassnnenaans

o)
. i

Y =Z

NMg-00~0-0
PIFRI BT R = =

7.% DENTING...... ees e frr e ensaanaarns «... YES
7.4 CORROSION FATIGUE...... ceasas crreavanEsaa ..
?.5 EROSION-CORROSION. . v unreceesmenannnsnonnsns
.6 FITTING..svevessmenannnnns Pesareveraenenuenn
.7 WASTAGE....u.vrianeosasnsssaasrannansnannns YES
7.8 WEOAR....ccveuenaas e cicetansenassanana YES
9.2 OTHER SECONDARY SIDE FROBLEMS........oc0au.n

i0. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED. ... asversesnssnsannassas 734
10.2 TOTAL TUBES SLEEVED...sseecrssnnnsssannsnnss 7000-12/83
10.% OTHER (tube expn.,stress relief,peening)...

11. NOTES
1t.1

11.

|g3]

11.3

11.4

11.

w

11.6
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DOMINION ENGINEERING, INC.
EPRI/SGOG 11 CRACKING SURVEY
SEQUOYAH 1

1. PLANT DESCRIFTION

1.1 PFLANT NAME AND UNIT NO..vewecrerrreansesrae-. SEQUOYAH 1
1.2 UTILITY.euesnenceenassnanaaassscssasnssaasnas TVA

1.7 NSSS SUFFLIER. ... eussceeecansesceesnsannses WESTINGHOUSE
1.4 ELECTRIC FOWER RATING (MWE)...vieceoves-aasaa 1148

1.5 THERMAL FOWER RATING (MWT).ccesnensennanna. 3411

1.6 DATE OF COMMERCIAL OFPERATION.....iseeaasnss SI/15/81

2. BTEAM BENERATOR GENERAL INFORMATION

2.1 NUMEBER OF STEAM GENERATORS«.ectrsscsnsnsanns 4
2.2 GSTEAM GENERATOR TYPE...:ensesensnsecnsaness RWOE
2.3 STEAM GENERATOR MODEL NO....icesseseennsaes 51
2.4 STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
2.% DATE OF STEAM GENERATOR COMPLETION......... //
3. STEAM GENERATOR DIMENSIONS
3.1 TUBESHEET THICKNESS (inches).vssewcvessaass 21.0
J.2 TUBE OUTSIDE DIAMETER (incheésS)eeescasesssaa. 832
I.3 TUBE WALL THICENESS (inches)..cassessssnsas 03I0
3.4 NUMBER OF TUBES FER STEAM GENERATOR........ 3388
3.3 TUBE PITCH (incheS)uessacsnncranavrasesnnss. 1.233
3.6 TUBESHEET RADIAL CREVICE (inches).sseasasasa Q000
3.7 DEFTH OF TUBESHEET CREVICE (inches)........ 00.00
4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL...... camaaan eeensasran FORG.STL.
4.2 TUBE SUPFORT PLATE MATERIAL......... +.-2a=-. C8
4.5 TUBE MATERIAL....a... cesssussssenssananaann ALLOY 600
4.4 TUBE SUFFLIER...ecsaasnceasssnssnesansanasas WESTINGHOUSE
4.5 DATE OF TUBE MANUFACTURE . e s ussnoneecnnnns 7/
5. TUBE MATERIAL PROFERTIES
S9.1 ASTM GRAIN SIZE RANGE. ..ccvveeess PR ceemn
J.2 CAREON CONTENT RANGE (percent)...cceeseeans
S.Z YIELD STRESS RANGE (ksi)..... cesamsresraanes
2.4 MILL ANNEAL TIME/TEMF (min/deg Fl.iceieieennne
6. TUBE EXFANSION PARAMETERS
6.1 TYFE OF EXFANSION FROCESS. .csvevessseanna.a ROLL/EXFLOSIVE
6.2 RADII OF ROW t AND 2 U-EBENDS (inches)...... 2.1875,3.468%
6.3 FROCESS USED TO FORM BENDS. ..o evsannsrase .. W BALL MANDREL
6.4 GOSTRESS RELIEF AFTER TUBING (hours/deg F)... NONE
7. STEAM GENERATOR OFERATING PARAMETERS
7.1 FRIMARY COOLANT PRESSURE (PSil)ececenensosss Z2TT
7.2 HOT LEG INLET TEMFERATURE (deg Fl....ouavan-n 614
7.3 COLD LEG OUTLET TEMFERATURE (deg F)..... e 0d6
7.4 HOT LEG HEAT FLUX (BTU/hr/+ft"2).cvuu. seeaes
7.5 COLD LEG HEAT FLUX (BTU/hr/4ft"2)........ e 39762
7.5 8TEAM GENERATOR OPERATING TEMF. (deg F)..... 24
7.7 STEAM GENERATOR OFERATING FRESS. (psi)...... 837
7.8 TYFICAL SLUDGE FILE DEPTH (inches)......... 2.0
7.9 WATER CHEMISTRY. . seesesnasonsnssa ceeaen eees AVT ONLY
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DOMINION ENGINEERING. INC.
EFRI/SGOG II CRACKEING SURVEY
SEQUOYAH 1

10,

11.

REFORTED FPRIMARY SIDE FROBLEMS (Yes/No, Date or

8.1

8.2

FRIMARY SIDE IGSCC
8.1.1 EXFPANSION TRANSITION. .cviceacenvanuse
2 EXFANDED REGION..scevonennenns cesens
T U-BEND TRANSITION.  seeesnvuscsaansns
4 U-BEND AFEX-DENTING RELATED:v.v.u...
.9 U-BEND APEX-NOT DENTING RELATED.....
.6 TSF INTERSECTION-DENTING RELATED....
7 PLUGS..:issesssssvesssssnannansnannes
R PRIMARY FROELEMS (e.g. sulfur attachk).

REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or

?.1

N0V 00V000
OO

INSER
10.1
10,2
10.3

NOTES

11.1

11.2

11.3

11.4

11.

&)

11.6

SECONDARY SIDE IGSCC
?.1.1 EXPANSION TRANSITION...ocveeerenaens
%.1.2 TUBESHEET CREVICE. ..iesuusnonnnassnens
?.1.% SLUDGE PILE REGIDN....... Pesesanenas
?.1.4 TSP INTERSECTION.......... sercinnsan
INTERGRANULAR ATTACK (IGA)
?.2.1 EXFANSION TRANSITION......... csescas
P.2.2 TUBESHEET CREVICE.....vuvesnsesansan
?.2.7 SLUDGE FILE REGION..... fesses s
«2.4 TSP INTERSECTION. ..e.ovoevunssanoannas
DENTING. e enaessn ces st e st aenenna .
CORROSION FATIGUE. . ceuesasananannns ceenaen
EROSION-CORROSION. s s e s s s ansevasnssunanscens
FITTING: tucensvenaoncennnansnne Peeareeaaann
WASTABE. - s st s isnnneencncannnssosnaanasannas
WEAR., s v e o feer st a s cicssrsananaas
OTHER SECONDARY SIDE PROELEMS.

VICE REMEDIAL MEASURES

TOTAL TUBES FLUGGED. s vsvessnsnacananan s
TOTAL TUBES SLEEVED....uuas cercasaariesnaan
OTHER (tube expn.,stress relief,peening)...

D-113
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EFFD to 1st observation)

YES




ENGINEERING, INC.

-

<

1. FLANT DESCRIFTION

1.1

gl = o
o~ b )

D]

T

(LR S N

IR EI PRI O

(2

|

N b g R

A A A L ]

FLANT NAME AND UNIT NOu.uswaasvsoaons
UTILITY. canvsesnsanannnsussnnanns
NSSS SUPPLIER. s cuceusnesnacessssanns
ELECTRIC FOWER RATING (MWE)...vveuaa
THERMAL FOWER RATING (MWT).ivsaanaanse
DATE OF COMMERCIAL OPERATION.....:..

AM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS.....aeuss
STEAM GENERATOR TYPE..wcuisaseasenenen
STEAM GENERATOR MODEL NO««vveeaseaaas
STEAM GENERATOR FABRICATOR/LOCATION.
DATE OF STEAM GENERATOR COMPLETION..

. STEAM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inches)........
TUBE OUTSIDE DIAMETER (inchesS)..«...
TUBE WALL THICKNESS (inches)...c.aaan
NUMBER OF TUBES PER STEAM GENERATOR.
TUBE FITCH (incheS)cieeesccrseraansas
TUBESHEET RADIAL CREVICE {(inches)...
DEFTH OF TUBESHEET CREVICE (inches).

4. STEAM GENERATOR MATERIALS

4.1

b

a b idr

[

B R
m

aawma A
[ PRI

B R~
m

o000

NNNNNSNNNING
BURTURNINO R & BRSO

DOMINION
EFRI/SG0O6 II CRACKING SURVEY
SEQUOYAH

|

|

|

|

TUBESHEET MATERIAL.......
TUBE SUFFPORT PLATE MATERIAL.........
TUBE MATERIAL.......
TUBE SUFPLIER......ccveraensescnannas
DATE OF TUBE MANUFACTURE.........

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANGE...
CARBON CONTENT RANGE (percent)......
YIELD STRESS RANGE (kSi)ueavuansnans
MILL ANNEAL TIME/TEMF (min/deg F)...

EXFANSION FARAMETERS
TYFE OF EXFANSION FROCESS.cvescunans

RADII OF ROW t AND 2 U-BENDS (inches)......

FROCESS USED TO FORM BEENDS..........
STRESS RELIEF AFTER TUERING

TEAM GENERATOR OFERATING PARAMETERS

FRIMARY COOLANT FPRESSURE (pSi).c.sas
HOT LEG INLET TEMFERATURE (deg F)...
COLD LEG OUTLET TEMPERATURE (deg F).
HOT LEG HEAT FLUX (BTU/hr/ft"2).....
COLD LEBG HEAT FLUX (BTU/hr/ft"2)....

STEAM GENERATOR OFERATING fEMP.(deg F

STEAM GENERATOR OFERATING FRESS. (psi
TYFICAL SLUDGE PILE DEFTH (inches)
WATER CHEMISTRY..

(hours/deq F)...

|-

SEQUOYAH 2
TVA

WEST INGHOUSE
1148

3411

6/ 1/82

4
RWOE

51
WESTINGHOUSE
/7

21.0
875
. 050
1388
1.233
L Q000
00, 00

FORG.STL.

Ccs

ALLOY &00
WEST/HUNTINGTON
s

ROLL/EXFPLOSIVE
2.1873, 3.468S
WH BALL MANDREL
NONE

22I5

614

546
29762

526

897

AVT ONLY




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
SERUOYAH 2

g. REFORTED FRIMARY SIDE FROBLEMS (Yes/No., Date or EFFD to 1ist aobservation)
8.1 FRIMARY SIDE -IGSCC

8.1.1 EXPANSION TRANSITIOMN. .. v iveveevnnvns
8.1.2 EXPANDED FREGION:vievevsevnnsanan .o
8.1.7 U-BEND TRANSITION. .ceeveuavanns vesern
8.1.4 U—-BEND AFEX-DENMTING RELATED..... .
8.1.5 U-BEND AFEX-NOT DENTING RELATED.....
B.1.6 TBF INTERSECTIOM-DENTING RELATED....
B.1.7 PLUGS..evvavuesessennsenssnsnsnnnnns
8.2 OTHER FRIMARY FROBLEMS{(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE PROEBLEMS(Yes/No,Date or EFFD to 1st observation)
2.1 SECONDARY SIDE I1GSCC
F.1.1 EXPANSION TRANSITION...2esasresansnen
?.1.2 TUBESHEET CREVICE. . . ceerveenevannces
?.1.% GSLUDGE FILE REGIOM.uvasveaasnansssns
F.1.4 TSP INTERSECTION...everesnansenannns
7.2 INTERGRANULAR ATTACE (IGA)
7.2.1 EXFANSION TRANSITION....cocevevaanas
?.2.2 TUBESHEET CREVICE.....icreveercennnsns
7.2.7 GSLUDGE PILE REGION. .. verveanaannnas
F-2.4 TSP INTERSECTION..eoessconnsrsannass
DENTING. v vausas Sesussasssassseseavunaaunnme
CORROSION FATIGUE. oo v sv i e senereansnanananas
EROSION-CORROSION..... cesmsasarsacsncacanuna
FITTING. s v e ensenereanonansennenanasnunansss
e I
WEAR. s e v v e nes “essseasesssaT s e an Ay

OTHER SECONDARY SIDE FROBLEMS.....ccevusens

VNC9L-00Q
O ONO WUk

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED. s easesnssnsssssenasana 1
10.2 TOTAL TUBES SLEEVED...eeeesnuess ceresensann
10,2 OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1

1.2

11.3

11.4

11.

4]

11.6

D-115



DOMINION ENGINEERING,

INC.

EFRI/SGOG I1 CRACKING SURVEY

SUMMER

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NO....coveaosans
1.2 UTILITYeeaonneaenanannasenannnsnnnns
1.3 NESS SUFFLIER...cccaasenavsacsnanans
1.4 ELECTRIC FOWER RATING (MWE) ... csc.an
1.5 THERMAL FOWER RATING (MWT) iueeeaaeas
1.6

]

ammu

DATE OF COMMERCIAL OFERATION....ccew

STEAM GENERATOR GEMERAL INFORMATION

2.1 NUMBER OF STEAM GENERATORS..«v.ovuans
STEAM GENERATOR TYPE....:vsuscennans
STEAM GENERATOR MODEL NO.ceessssaaas
STEAM GENERATOR FABRICATOR/LOCATION.
DATE OF STEAM GENERATOR COMFLETION..

3
-3

k3 £33 b
wm baig b

STEAM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inches)........
TUEBE OUTSIDE DIAMETER (inches)......
TURE WALL THICKNESS (inches)....ice.
NUMEBER OF TUEBES PER STEAM GENERATOR.
TUBE FITCH (inches).. canann
TUBESHEET RADIAL CREVICE (inches)...
DEFTH OF TUEBESHEET CREVICE (inches).

NO O o b=

L e G L

STEAM GENERATOR MATERIALS

4.1 TUBESHEET MATERIAL....:uca.. cesennas
.2 TUBE SUFFORT FLATE MATERIAL. ... aws

4.5 TUBE MATERIAL.evunwcerenversssnencaes

4.4 TUBE SUPPLIER......veeeens cesencan

4.5 DATE OF TUBE MANUFACTURE. . .civeaaess

C

BB =1
m

MATERIAL PROFERTIES

ASTM GRAIN SIZE RANGE....
CAREON CONTENT RANGE (percent)......
YIELD STRESS RANGE (kSi)eeveeensnnns
MILL ANNEAL TIME/TEMF (min/deg F)...

c ..

N A R
m

EXFANSION PARAMETERS
TYFE OF EXPANSION PROCESS..:veeernne

PROCESS USED TO FORM BENDS. «.vwecaan
STRESS RELIEF AFTER TURING

sl N |

TEAM GENERATOR OFERATING FARAMETERS
FRIMARY COOLANT FRESSURE (psi)......
HOT LEG INLET TEMFERATURE (deg F)...
COLD LEG OUTLET TEMPERATURE (deg F).
HOT LEG HEAT FLUX

COLD LEG HEAT FLUX (BTU/hr/ft"2)....

TYFICAL SLUDGE PILE DEFTH (inches)..
WATER CHEMISTRY. i sveiensnna feressasuas

NNNNNNNNNO
gONOeU R~ M

D-116

(BTU/hr/$t"2) ... ...

RADII OF ROW 1t AND 2 U-BENDS (inches)......

(hours/deg F)...

STEAM GENERATOR OFERATING TEMF.(deg F).....
STEAM GENERATOR OFERATING FRESS. (psi)

SUMMER

S.C. PURLIC SERVICE
WEST INGHOUSE

200

1/15/84

RWE
D=

WEST INGHOUSE

21.0
. 750
Q473
4674
1.060
MEalalals)
OO0, 00

SA 508

cs

ALLOY 600 -
WEST INGHOUSE

FULL DEFTH ROLL

Lo B oe Y — e AN o R
2.25,3.312

W. EALL MANDREL
NONE

2250
619
556

AVT ONLY




DOMINION ENGIMEERING, INC.
EFRI/SGO6G II CRACKING SURVEY

SUMMER

8. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or
8.1 FRIMARY SIDE IGSCC

8.1.1

1.4
-9
5
7

ONWmWom
T o ok o

8.2

EXFANSION TRANSITION. ..seennneeannns
EXFANDED REGION. ... vereereannnnnnsnn
U-BEND TRANSITION. ... esvenecnsnsnans
U-BEND AFEX-DENTING RELATED....u0u..
U~BEND AFEX-NOT DENTING RELATED.....
TSF INTERSECTION-DENTING RELATED....
FLUGBS. v e s nansa teeseasarisraananEe e

THER FRIMARY FROELEMS(e.g. sulfur attack).

EFFD

9. REFORTED SECONDARY SIDE FROBLEMS (Yes/No,Date or EFFD
?.1 GSECONDARY SIDE IGSCC

?.1.1
?.1.2
?.1.=
7.1.4

EXFANSION TRANSITION...veauevrenanns
TUBESHEET CREVICE. .. civeieasncncanas
SLUDGE PILE REGIDON..:vvcaceeceanunus
TSF INTERSECTIOMN. .uvearenncannnnnnss

?.2 INTERGRANULAR ATTACK (IGA)

7.2.1
9.2.2

2.2.3

EXFANSION TRANSITION:sseaanenvnens .
TUBESHEET CREVICE..vsertesannsnananss
SLUDGE PILE REGION..sccvauann. .

9.2.4 TSP INTERSECTION. «uuwteuecervarsananns

Q.7 DENTINGu:wswnvounasnnnas ceaear e creseaaun

?.4 CORROSION FATIGUE. ... v evcecanssnans cree e

2.5 EROSION-CORROSION....v.uaaa- cecesvassanenas

2.6 FITTING..wennwannsss ciemssensanss eraama

?.7 WASTAGE...eevuon- cesmemeenan . ..

2.8 WEAR........ Piessssseeasevssoasunraennnauns

9.9 OTHER SECONDARY SIDE FROBLEMS. . vvieevnnannas
10. INSERVICE REMEDIAL MEASURES

10,1 TOTAL TUBES FLUGGED. . ..veneaws Cheas .

10.2 TOTAL TUBES SLEEVED. .. v easnsenveannnarcesss

10,2 OTHER (tube expn.,stress relief,peening)...
11. NOTES

11.1

11.2

11.3

11.4

11.5

11.6

D-117
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DOMINION ENGINEERING., INC.
EFRI/SG0OG II CRACKING SURVEY
SURRY 1 (ORIG SG)

1. FLANT DESCRIPTION
1.1 PLANT NAME AND UNIT NO...weesnssscsnsenesss SURRY 1 (ORIG SG)
1.2 UTILITY...ieesnvsnonacnannasasssnnnuannnean «». VIRGINIA ELEC.FPWR.CO
1.7 NSSS SUFPLIER. .. .veeasvoncnnensasraenanas-.. WESTINGHOUSE
1.4 ELECTRIC FOWER RATING (MWE)..... censasasses O16
1.5 THERMAL FOWER RATING (MWT)........ cevsesesa 2441
1.6 DATE OF COMMERCIAL OFERATION..... crevnseenas 12/15/72

]

STEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS. ciissasnenacanas &

STEAM GENERATOR TYPE. ... cuccerreancsasans-e RUWE

STEAM GENERATOR MODEL NO...cvsvasvanarsaass 91

STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
DATE OF STEAM GENERATOR COMPLETION......... //

k) R E) B

P R

. STEAM GENERATOR DIMENSIONS

.1 TUBESHEET THICENESS (inches)..... ceesaaenae 21.0
2 TUBE OUTSIDE DIAMETER (inchesS)eaicsessasssne 875
I TUBE WALL THICKNESS (inches).ssssseressessa O30
.4 NUMBER OF TUBES PER STEAM GENERATOR........ 3388
S TUBE PITCH (inchesS)e.ceaasassesancscaraasns 1.281
&  TUBESHEET RADIAL CREVICE (inches)......vua. (0040
.7 DEPTH OF TUBESHEET CREVICE (inches)........ 18.00
4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL..:veesen crsreasssse=aexe SA 508
4.2 TUBE SUFPORT FLATE MATERIAL....... sseeussa. C8
4.7 TUBE MATERIAL.eeevcensasanesnasanneesansens ALLOY 600
4.4 TUBE SUPPLIER..s.esesovsancsccsesnnecanssssasss HUNTINGTON
4.5 DATE OF TUBE MANUFACTURE. . «.csavnennoonanen /7
5. TUBE MATERIAL FROFERTIES
3.1 ASTM GRAIN SIZE RANGE. .. s evuvesaconaaans oo B8-12
5.2 CARBON CONTENT RANGE (percent).ic.iacesciesans
3.3 YIELD STEESS RANGE (kSi)oeeeeenass Pess e
S.4 MILL ANNEAL TIME/TEMF (min/deg Fliecissevans

6. TURBE EXFANSION FARAMETERS
4.1 TYFE OF EXPANSION PROCESS......uunseveeaws=.. FART DEFTH ROLL
6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.187353,3.4685
6.5 PROCESS USED TO FORM BENDS.w.oeceeeennaaess H BALL MANDREL
6.4 GSTRESS RELIEF AFTER TURING (hours/deg F)... NONE
7. STEAM GENERATOR OFERATING FARAMETERS
7.1 FPRIMARY COOLANT FRESSURE (psi).ieaccaans.s .. 2235
7.2 HOT LEG INLET TEMFERATURE {(deg Fl.......... 590
7.3 (COLD LEG OUTLET TEMFERATURE f(deg Fl........ 336
7.4 HOT LEG HEAT FLUX (BTU/hr/ft"2) i cnannn 115000
7.3 COLD LEG HEAT FLUX (BTU/hr/ft"2).ue.craanns
7.6 STEAM GENERATOR OFERATING TEMF. (deg F)a..... S16
7.7 BSTEAM GENERATOR OFERATING FRESS. (psi)...... 770
7.8 TYFPICAL SLUDGE RILE DEFTH (inches)...ceus.n
7.9 WATER CHEMISTRY.::esscssanansssseansanss-ss EARLY FHOS, AVT
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DOMIMION ENGINEERING, INC.
EFRI/SG06G II CRACKING SURVEY
SURRY 2 (ORIG 56

1. FLANT DESCRIFTION :
1.1 FLANT NAME AND UNIT NO«eeveornrsvameenansnas SURRY 2 (ORIG SG)

1.2 UTILITY.weasveveanesnnsnasanananns Pecessanneas VIRGIMIA ELEC FWR CO
1.7 NSSS SUPPLIER:e.weassenonnusesns cearannases WESTINGHOUSE

1.4 ELECTRIC FOWER RATING (MWE)...vveoeveraannn 8158

1.5 THERMAL FOWER RATING (MWT)..... sesseenne e 2441

1.6 DATE OF COMMERCIAL OFERATION. tecacuernaesae S/15/73

2. STEAM GENERATOR GENERAL INFORMATION
NUMBER OF STEAM GENERATORS. .c.v.caannnaens ase &

2.2 STEAM GENERATOR TYFE.::ovesvevonsncsesaranas RUE
2.7 STEAM GENERATOR MODEL NO.«ceasussssnsssnnss 9l
2.4 STEAM GENERATOR FABRICATOR/LOCATION........ WESTINGHOUSE
2.5 DATE OF STEAM GENERATOR COMFLETION........ . /Y
3 STEAM GENERATOR DIMENSIONS
F.1 TUBESHEET THICKNESS (inches)...sissusnsna-. 21.0
Z.2 TUBE OUTSIDE DIAMETER (inchesS).essseasseesas 873
T.% TUBE WALL THICKNESS (inchesS).cesrassnessass 03I0
3.4 NUMBER OF TUBES PER STEAM GENERATOR........ 3388
3.5 TUBE FPITCH (inches)..cccrvansssanan cesuunna . 281
7.4 TUBESHEET RADIAL CREVICE (incheS)eacesecens L Q060
3.7 DEFTH OF TUBESHEET CREVICE (inches)........ 18.00
4. STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL. .. viencennnnann vevess... FORG. STL.
4.2 TUBE SUFPFORT PLATE MATERIAL........ cesaanas Cs
4.% TUBE MATERIAL......... vresmasssanans e eesee ALLOY 6Q0
4.4 TUBE SUFPLIER. accesescevans erramaansee e WEST/HUNTINGTON -
4.5 DATE OF TUBE MANUFACTURE. csvesecavnnns evene /7
= TUEBE MATERIAL FROFERTIES
9.1 ASTM GRAIN SIZE RANGE......... ceserasuasnas
5.2 CAREBON CONTENT RANGE (percent)....... cesaas
3.3 YIELD STRESS RANGE (ksi)..uveannn. crnacnnas
5.4 MILL ANNEAL TIME/TEMF (min/deg Fl.......... 1750-1800(tubes)
6. TUEE EXPANSION FPARAMETERS
6.1 TYFE OF EXFANSION PROCESS..... cesrssensnenns FART DEFTH ROLL
&.2 FRADII OF ROW 1 AND 2 U-BENDS (inches)...... 2Z.1873,3.4683
6.7 FPROCESS USED TO FORM EBENDS.....vccauaa. .... WH BALL MANDREL
6.4 STRESS RELIEF AFTER TUBING t(hours/deg F)... NONE
7. STEAM GENERATOR OFERATING FARAMETERS
7.1 FRIMARY COGCOLANT FRESSURE (pSi)aicvearsinnenna 2483
7.2 HOT LEG INLET TEMFERATURE (deg Fl....... vaa 506
7.3 COLD LEG OUTLET TEMFERATURE (deg F)........ 5473
7.4 HOT LEG HEAT FLUX (BTU/hr/ft"2) cuveerinnnaas
7.5 COLD LEG HEAT FLUX (BTU/hr/+ft"2)...cvevaeann
7.6 STEAM GENERATOR OFERATING TEMF. (deg F)..... 369
7.7 STEAM GENERATOR OFERATING FRESS. (psi)...... 770
7.8 TYFICAL SLUDGE FILE DEPTH (inches)......... '
7.9 WATER CHEMISTRY..:ceusneurnassasncaronnrans EARLY FHOS, AVT
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DOMINION ENGINEERING, INC.
EFRI/SGOG II1 CRACKING SURVEY

D-119

SURRY 1 (ORIG SG)
8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFPD to 1st observation)
3.1 FRIMARY SIDE IGSCC
8.1.1 EXPANSIOM TRANSITION. veuvvavrevenannes
8.1.2 EXFANDED REGION...... s esaransesenna
8.1.3 U-BEND TRANSITION........... casmamas
8.1.4 U-BEND AFPEX-DENTING RELATED......... YES
8.1.5 U-BEND AFEX-NOT DENTING RELATED.....
8.1.6 TSF INTERSECTION-DENTING RELATED.... YES
8.1.7 PFLUBS...urivecenessnanccanasasannanas
8.2 OTHER FRIMARY FROBLEMS(e.g. sulfur attack).
9. REFORTED SECONDARY SIDE FROELEMS{(Yes/No,Date or EFFD to 1st observation)
9.1 SECONDARY SIDE IGSCC
9.1.1 EXPANSION TRANSITION. . eesaswessvsans
?.1.2 TUBESHEET CREVICE..eceseenaonaasanns
?.1.7 SLUDGE PILE REGIOM. ceeeeeacnnnaanuns
?.1.4 TSF INTERSECTION..eeesseassassnnnann
7.2 INTERGRANULAR ATTACK (IGA)
?.2.1 EXPANSION TRANSITION......csseneanns
?.2.2 TUBESHEET CREVICE...ue.ccceasenvsevsane
.2.7 SLUDGE PILE REGION..vseveaunasnnsnns
2.4 TSP INTERSECTION....eesanemnean v
9.7 DENTING..viveeenonnanens teesessassssaansses YES
9.4 CORROSION FATIGUE...:.cueeaass cssassessammnn
2.5 EROSION-CORROSION....a.s eresussananas ceenna
2.6 FITTING...... et s aaE s Esewsa s e e
?.7 WASTAGE. ... euuceunns tsesssssanasennsnessnsa YES
7.8 WEAR. tusewsscrsesnsssonuanssnsenssaanssansnnas
2.9 OTHER SECONDARY SIDE PROEBLEMS...aceavenrnns
10, INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED...... sesesesacsaana cea. 1834
10.2 TOTAL TUBES SLEEVED......... Pesrams s anaeny
10.% OTHER (tube expn..stress relief,peening)...
11. NOTES
11.1
11.2
11.3
11.4
11.3
11.6




DOMINION

ENGINEERING, INC.

EFRI/SGOG II CRACKING SURVEY

TAKAHAMA

1

i. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NO...ccveacnnas
1.2 UTILITY.waeauns cesmssennnn e
1.2 NBSSS SUFPPLIER.:ccuasessesansscnanan
1.4 ELECTRIC FOWER RATING (MWE)...... .o
1.5 THERMAL FOWER RATING (MWT) e.ivsweenn
1.6 DATE OF COMMERCIAL OFERATION.......
2. TEAM GENERATOR GENERAL INFORMATION
.1 NUMEBER OF STEAM GENERATORS.........
2.2 STEAM GENERATOR TYFE. .. eensrcaeenas

8
2
-
A
2
-
2.

ol
[ I
A |

STEAM GENERATOR MODEL NO.eveeensass
STEAM GENERATOR FAEBERICATOR/LOCATION
DATE OF STEAM GENERATOR COMPLETION.

3. STEAM GENERATOR DIMENSIONS

Tl
)
3

o

[ U I RO |

B N !}

[N =NE N

[

ERDR I N s
m

4]

[0 L

C
m

oo~ A
ER 8 B 51

=~

IR BN BN BN R s Y IR |
000U ] R e

TUBRESHEET THICKNESS (inches).......
TUEBE QUTSIDE DIAMETER (inches).....
TUEBE WALL THICKNESS (inches)....«..
NUMBER OF TUBES PER STEAM GENERATOR
TUBE PITCH (incheS)eiscssnnsssnsnns
TUBRESHEET RADIAL CREVICE (inches)..
DEFTH 0OF TURESHEET CREVICE (inches)

TEAM GENERATOR MATERIALS

TUBESHEET MATERIAL........... ceenne
TUEBE SUFFORT PLATE MATERIAL........
TUBE MATERIAL...cvenvennens treaaane
TUBE SUPFLIER......vu crsaerane cens
DATE OF TURBRE MANUFACTURE...... semoas

MATERIAL FROFERTIES )

ASTM GRAIN SIZE RANGE......e... “aee
CAREON CONTENT RANGE (percent).....
YIELD STRESS RANGE (ksi)...ov.oo....
MILL ANNEAL TIME/TEMP (min/deg F)..

EXFANSION PARAMETERS
TYFE OF EXPANSION PROCESSeases.... .

RADII OF ROW 1 AND Z U-BENDS (inches)......

PROCESS USED TO FORM BENDS.........

STRESS RELIEF AFTER TURING (hours/deg F)...

STEAM GENERATOR OFERATING FARAMETERS

FRIMARY COOLANT PRESSURE (psi).....
HOT LEG INLET TEMPERATURE (deg F)..
COLD LEG QUTLET TEMFERATURE (deg F)
HOT LEG HEAT FLUX (BTU/hr/+ft™2)....
COLD LEG HEAT FLUX (BTU/hr/+t™2)...
STEAM GENERATOR OFERATING TEMF. (deg
STEAM GENERATOR OFERATING FRESS. (ps
TYFICAL SLUDGE PILE DEFTH (inches).
WATER CHEMISTRY. s curesnssannccannens

D-122

Flaowen.
1)evanan

TAKAHAMA 1
EANSAI ELECTRIC
WEST INGHOUSE
826
2440
I/15/74

RWOE

91

WEST INGHOUSE
/7

21.0

. 870

. 050
3388

1.280

. 0080

18.70

FORG. STL.

Cs

ALLAY 600
WEST/HUNTINGTON
/7

8-10

.03

ROLL,HYD.EXF.
2.1875,2.4685
WH BALL MAMDREL
NONE

EARLY FHOS, AVT



DOMINION ENGIMEERING, INC.
EPRI/SGO6G II CRACKING SURVEY
SURRY 2

10.

11.

REFORTED FRIMARY SIDE FROBLEMS

3.

1

8.2

REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date aor EFFD to 1st aobservation)

9.

0000909
GgONOWU b

1

(ORIG SG)

FPRIMARY SIDE IGSCC

B.1.1 EXFANSION TRANSITION

EXFANDED REGION.....

DCIJCOCDEGUJUJ
Il—‘-l—hl—ll—‘-l-‘h‘-

T ER FRIMARY FROELEMS(e.g.

SECONDARY SIDE IGSCC

(Yes/No,

T U~EEND TRANSITION. ccvorevesaecenanns
.4 U-BEND AFEX-DENTING RELATED
.9 U-BEND AFEX-NOT DENTING RELATED.....
.6 TSP INTERSECTION-DENTING RELATED....
.7 PFLUGS......c.eennn. crssserransessennn
R

sulfur attack).

?.1.1 EXFANSION TRANSITION.....cececieeunns
?.1.2 TUBESHEET CREVICE.:owesauvs
?.1.3 SLUDGE FPILE REGION........
?.1.4 TSP INTERSECTION. . uwsuecanss

INTERGRANULAR ATTACK (IGA)

9.2.1 EXPANSION TRANSITION.

?.2.2 TUBESHEET CREVICE...
%.2.3 SLUDGE FILE REGION..
?.2.4 TSF INTERSECTION....

WEAR ......... Pasaseraarasas

INSERVICE REMEDIAL MEASURES

10,
10.2 TOTAL TURES SLLEEVED.
10.3

1

R

TOTAL TUBES FLUGGED........

OTHER (tube expn.,stress relief,peening)...

NCTES

11,

11.

11.

11.

11

11.

1

8]

2|

D-121

YES
YES

YES

YES

Date or EFFD to 1st aobservation)

(SEVERE)




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
TAKAHAMA 2

1. FLANT DESCRIFTION
1.1 PLANT NAME AND UNIT NO..... seesaasennvvnsss TAKAHAMA 2
1.2 UTILITY.eseisitnnneresennnanasnannnans »uea.a KANSAI ELECTRIC
1.2 NESS SUFPLIER. ... eneeenennsnnan . wees MHI
1.4 ELECTRIC FOWER RATING (MWE) ..o cvineannaanne 826
1.5 THERMAL FOWER RATING (MWT)..veuvaweas v asaasa 2440
1.6 DATE OF COMMERCIAL OFERATION...eevvunernaws 11/15/75

2. STEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS. «cc:ireercescennnes &

STEAM GENERATOR TYPE....vcuervenaaranaesanss RWOE
STEAM GENERATOR MODEL NO...ssserrvsereacaes ol

STEAM GENERATOR FAEBRICATOR/LOCATION........ MITSURISHI
DATE OF STEAM GENERATOR COMFLETION......... //

[T O

AR SRANSEA]

3. STEAM GENERATOR DIMENSIONS

3.1 TUBESHEET THICKNESS (inches)...... caimesesas 21.7

3.2 TUBE OUTSIDE DIAMETER (inChe@S)avsseasaaaeaa 880

3.3 TUBE WALL THICKNESS (incheS).iuesesanescnans . 050

.4 NUMBER OF TUBES PER STEAM GENERATOR...... .. 3388

3.5 TUBE PITCH (inches)..ieavernrneacns sasaaaeaa 1.280

.6 TUBESHEET RADIAL CREVICE (imcheS)eeea... s 20080

Z.7 DEPTH OF TUBESHEET CREVICE (inches)........ 18.70
4. STEAM GENERATOR MATERIALS

4.1 TUBRESHEET MATERIAL...... Crec e semee ... FORG.STL.

4.2 TUBE SUFPORT PLATE MATERIAL.teaceesnnsannca Ccs

4.3 TUBE MATERIAL.:cevevrnnrnansonsnnrsnsannsss ALLOY 600

4.4 TUBE SUFFLIER...... nisscsassansassenecnsass SUMITOMO ‘

4.5 DATE OF TUBE MANUFACTURE.. «cec:eswcvascsnanas /7 |
Z. TUEE MATERIAL FROFERTIES

J.1 ASTM GRAIN SIZE RANGE........ haseees eeaa.. 8-9 |

5.2 CAREON CONTENT RANGE (percent)............. |

3.3 YIELD STRESS RANGE (KSi)eueewencarnsncnannsns ‘

.4 MILL ANNEAL TIME/TEMF (min/deg F)..... PP ‘
6. TUBE EXPANSION FARAMETERS

4.1 TYPE OF EXFANSION FROCESS.us.vccseaac-0nen. ROLL/HYD.EXF.

6.2 RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.1875,3.4485

- 6.3 PROCESS USED TO FORM BENDS....vcaua.- erwess CYL.PLSTC.MNDRL

6.4 GSTRESS RELIEF AFTER TUBRING (hours/deg F)... NONE
7. STEAM GENERATOR OFERATING FARAMETERS

7.1 FRIMARY COOLANT FRESSURE (PSi)uiceivvecuacann 22346

7.2 HOT LEG INLET TEMFERATURE (deg F)lu.w.evewwaa. &1F

7.% COLD LEG QUTLET TEMFERATURE (deg Fl........ 551

7.4 HOT LEG HEAT FLUX (RTU/hr/t"2)...... aeeane

7.5 COLD LEG HEAT FLUX (BTU/hr/+ft"2)c.iiuiennann

7.6 STEAM GENERATOR OFERATING TEMF. (deg F)..... 530 !

7.7 STEAM GENERATOR OFERATING FRESS. (psi)...... 889

7.8 TYFICAL SLUDGE FILE DEPTH (inchesS)..evusa.- |

7.9 WATER CHEMISTRY.u.ieuicunsearsan e erasac e nan AVT ONLY

D-124




DOMINION ENGINEERING, INC.
EPRI/SG06G I!1 CRACKING SURVEY
TAKAHAMA 1

10,

11.

REFORTED FRIMARY SIDE PROELEMS (Yes/No, Date ar

8.1

8.2

FRIMARY SIDE IGSCC

8.1.1 EXFPANSION TRANSITION. .. st evenanasasas
B8.1.2 EXFANDED REGION. . v venssenns exas e
8.1.7 U-BEND TRANSITION:u:asuswanenes “nena
8.1.4 U-BEND AFEX-DENTING RELATEDs w:ases=na
8.1.5 U-EEND AFEX-NOT DENTING RELATED.....
8.1.6 TBF INTERSECTION-DEMTING RELATED....
8.1.7 PLUGS. ... vt conncnasuensncvsnonnceanans
OTHER FRIMARY PROBLEMS(e.g. sulfur attachk).

REFORTED SECONDARY SIDE FROBLEMS (Yes/No,Date ar

9.1

0090 00-00
g ON WU B

10.1

10.2

SECONDARY SIDE IGSCC

P.1.1 EXFANSION TRANSITIONesseeerscavansan
9.1.2 TUBESHEET CREVICE..ccivsvasrncnnanns
?.1.7 SLUDGE FILE REGION...ueesvassannnvas
?.1.4 TSP INTERSECTION. .. userteenscsosnaras
INTERGRANULAR ATTACE (IGA)

?.2.1 EXFPANSION TRANSITIOM...cseueacscanas
?.2.2 TUBESHEET CREVICE..¢.vennsssanananss
?.2.3 SLUDGE PILE REGION......... rerer s
?.2.4 TSF INTERSECTION.wseeuvonnaseosnsnnas
DENTIMG. vaetveersvnvunacaassanaunvnnsavannnns
CORROSION FATIGUE. st cnvenneaenansncnsnvnsns

EROSION-CORROSION. s v s esaonanenn- ceaaase e
FITTING. s s eneensonnnonannnsnsanonansconnnns
WASTABE. s c vt e v e annass e mmamese vaseasan
WEAR. s s vcnanvsnsnosenaansssosanassnssssansans
OTHER SECONDARY SIDE PROBLEMS....... cee s
INSERVICE REMEDIAL MEASURES
TOTAL TUBES FLUBGED. . ncseecsvnnanaceannsas .
TOTAL TURES SLEEVED....... e ma s ceseans
OTHER (tube expn.,stress relief,peening)...

10.3

NOTES

11.1

11.

]

11.4

11.

w

11.86

D-123

EFFD to ist observation?

YES

EFPD to 1st observation)

YES

YES~-1 TURE

YES

YES-1 TUEE

YES

ROW1 UB PLUG,CREV HYD EXF




DOMINION ENGINEERING, INC.
EFRI/SG0O6 II CRACKING SURVEY

TIHANGE 1

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NO.saeeeeasnnnaraaees ..
1.2 UTILITY.ueawaas. e Cadsranee .
1.5 NSSS SUPPLIER. cssscannceccscannns cersaseaaa
1.4 ELECTRIC FOWER RATING (MWE)......... senscaa
1.5 THERMAL FOWER RATING (MWT) .. veawaerasnnnaes
1.6 DATE OF COMMERCIAL OPERATION........ seanans

]

]

STEAM GENERATOR GENERAL INFORMATION

MUMBER OF STEAM GENERATORS.......... ceeaman
STEAM GENERATOR TYFE...cenesnssscaaancnanns
STEAM GENERATOR MODEL NO..sscascvaacsannnns
STEAM BENERATOR FABRICATOR/LOCATION........
DATE OF STEAM GENERATOR COMPLETION.........

apd R

B R RIRD

STEAM GENERATOR DIMENSIONS
TURESHEET THICKNESS (inches)...ssevcceanans

[ury

TUEE OUTSIDE DIAMETER (inches)..... cenannas
TUBE WALL THICKNESS (incheéS).sacsvenonnn cus
NUMBER OF TUERES PER STEAM GENERATOR........

TUBE FITCH (incheS)asceesacaasannacnnsannns
TUBESHEET RADIAL CREVICE (inchesS)..seaa...-
DEFTH OF TURESHEET CREVICE (inches)........

A L Lo e i O

NA bR

STEAM GENERATOR MATERIALS

TUBESHEET MATERIAL...:ceseecaens cesnrensea .o
TUBE SUFFPORT FLATE MATERIAL...... cerersenen
TUBE MATERIAL.«cccevnannns . cessasanan
TUBE SUFPLIER. . cavsssesansevsannnassansnsnss

5
4
4
4.
4
4 DATE OF TUBE MANUFACTURE. ..cicenananan=ns .

o] k)

c

Sk =
m

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANGE.«ccseveenaannn e
CAREON CONTENT RANGE (percent)....cssssscan.
YIELD STRESS RANGE (kSi)asseaeanan raemaans
MILL ANNEAL TIME/TEMF (min/deg Fl.aeeosseans

muama A

—
cC
5]
m

EXFANSION FARAMETERS

TYFE OF EXFANSION FROCESS. . cvavsceansnansnnas
RADII OF ROW 1 AND 2 U-BENDS (inches)......
FROCESS USED TO FORM BENDS...ucesacaananaas
STRESS RELIEF AFTER TUBRING (hours/deg F)...

LR -

oo

TEAM GENERATOR OFPERATING PARAMETERS

FRIMARY COOLANT PRESSURE (pSi).ecccciv.ianesas
HOT LEG INLET TEMFERATURE (deg Fl....iieuiauns
COLD LEG OUTLET TEMFPERATURE (deg Fl........
HOT LEG HEAT FLUX (BTU/Rr/ft™2).sencencnnan
COLD LEG HEAT FLUX (BTU/hr/ft"&)..... Aasane
STEAM GENERATOR OFERATING TEMF. (deg F).....
STEAM GENERATOR OFERATING FRESS. (psi)..... .
TYFICAL SLUDGE FILE DEPTH (inches).........
WATER CHEMISTRY . v enusesanssnsanasanuanannss

NNN NSNS W

N ONO Wbk
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TIHANGE 1
SEMO
ACLF
880

Q/1S/75

-
=)

RWOE

S1
COCKERILL
/7

.875

050
388

1.281

Cs

ALLOY 600
SANDVIE
’/

7-10

FART DEFTH ROLL
2.1875,3.4683
NO MANDREL

NONE

AVT ONLY



DOMINION ENGINEERING, INC.
EFPRI/SGOG I1 CRACKING SURVEY
TAKAHAMA 2

8. FREFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXPANSION TRANSITION: s aeweroosannns
EXFANDED REGION. .. cceveensnansananan
U-BEND TRANSITION. .. v.csvenesanannss
U~EEND AFEX-DENTING RELATEDu .. vvsewe
U-BEND AFEX-NOT DENTING RELATED.....
TSF INTERSECTION-DENTING RELATED....
FLUGS. ¢ cvenans seesesassasassarea e
. FRIMARY PROBLEMS(e.g. sulfur attack).

OWWommauw
T e s
MNOC WU B4R

8.2

9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFFD to 1st observation)
9.1 SECONDARY SIDE IGSCC .
?.1.1 EXPANSION TRANSITION....ceueucoeoeevns
9.1.2 TUBESHEET CREVICE..eruvevrnnnnnn. P
?.1.3 SLUDGE FPILE REGION........ e e s s
: 9.1.4 TSP INTERSECTION.....:evunnesaaaasss YES
9.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION..2vveananaanaas
?.2.2 TUBESHEET CREVICE.ecuivessecsssanasns
.2.3% SLUDGE PILE REGION...cisceanancansas
9?.2.4 TSF INTERSECTION..seeeavnnosnvesnsaas YES
DENTING. cveeverereenrasasssnnnacnssnasnnnnas
CORROSION FATIGUE. s s cannesnsssanansacnonssns
EROSIOM-CORROSION. .« s e sneusoraaannnansonsna
FITTING. «nauuns seresaseanssesennu T aan
WASTAGE. v cacvesonvsucnssansssnsnsncsannnns

WEAR. . tccnveassasnascasansnnanssnanssnnnnan

OTHER SECONDARY SIDE PROBLEMS......cnuu. .

N9 Yvo0-0
NVOND U i

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED...... cerrsaessessaenana 399
10.2 TOTAL TUBES SLEEVED...oeeesaenans ceesas e
10.2 OTHER (tube expn.,stress relief,peening)... CREVICE HYDRAULIC EXFAM.

11. NQOTES
11.1

11,

3]

11.73

11.4

D-125




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
TIHANGE 2

1. PLANT DESCRIFTION
1.1 PLANT NAME AND UNIT NO..osicioeranasansannen

1.2 UTILITY.ueuneeessaraseronssnssannasnasnannas
1.7 NESS BUFFLIER. st vevercasnsnnassananannnnnus
1.4 ELECTRIC FOWER RATING (MWE) . v.ceveesencenan
1.5 THERMAL FOWER RATING (MWT).eiveeoannennanns
1.6 DATE OF COMMERCIAL OFERATION..ssessusssaane

]

STEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS.«::iesussasesnsas
STEAM GENERATOR TYPE.sscertrieaesensasnancans
STEAM GENERATOR MODEL NOoswaeeineeasosnsoen
STEAM GENERATOR FABRICATOR/LOCATION........
DATE OF STEAM GENERATOR COMFLETION.........

MR R E)
0 b o] kYo

. STEAM GENERATOR DIMENSIONS

Z.1 TUBESHEET THICKNESS (inches)..cacaassanasins
3.2 TUBRE OUTSIDE DIAMETER (incheS)esssasesssvaan
3.3 TUBE WALL THICKNESS (inchesS).seesesarssanan
3.4 NUMBER OF TUBES PER STEAM GENERATOR........
Z.5 TUBE PITCH (inches)....... vevassensaenrannn
I.6 TUBESHEET RADIAL CREVICE (inches)...... s
3.7 DEFTH OF TUBESHEET CREVICE (inches)......s.

4. STEAM GENERATOR MATERIALS

4.1 TUBESHEET MATERIAL....... eeeessasenanansana
4.2 TUBE SUFFORT FLATE MATERIAL........ camaseas
4.7 TUBE MATERIAL..vesvsesensannavssnnsnaansnns
4.4 TUBE SUPFLIER.:.cecesveosnasssnscsessnncnnsan
4.5 DATE OF TUBE MANUFACTURE..... ciscenanann .
3. TUBE MATERIAL FROFERTIES
S.1 ABTM GRAIN SIZE RANGE. .. vesccueanans sesseen
S.2 CAREON CONTENT RANGE (percent)........ccaen
5.2 VYIELD STRESS RANGE (ksi)..... cesearseneanns
S.4 MILL ANNEAL TIME/TEMFP (min/deqg Fleu.ooeouws

[
m

EXFANSION FARAMETERS

TYFE OF EXPANSION FROCESS....ccasans sesaaan
RADII OF ROW I AND 2 U-BENDS (inches)......
PROCESS USED TO FORM BENDS. .t cnveensvcnnss
STRESS RELIEF AFTER TURING (hours/deg F)...

oo A
B ) o

TEAM GENERATOR OFERATING FARAMETERS
FRIMARY COOLANT FRESSURE (PSi)isceennceasas
HOT LEG INLET TEMFERATURE (deg F)..eceacaenn
COLD LEG QUTLET TEMFERATURE (deg Fl.iceveenne
HOT LEG HEAT FLUX (BTU/hr/ft"2) i ceecesannnn
COLD LEG HEAT FLUX (BTU/hr/ft"2).cecean.. [
STEAM GENERATOR OFERATING TEMF. (deg F).....
STEAM BENERATOR OFERATING FRESS. (psi).e.....
TYFICAL SLUDGE FILE DEFTH (inches).....a...
WATER CHEMISTRY...

NNNNNNNNNO
NONOWU AR~ Mm

D-128

TIHANGE 2
EEES
FRAMACECO
QOO

2/15/85%

RWOE

1M
COCHERILL
/7

.875
. 050
388
1.281
elalnlal
00.00

Ccs

ALLOY &00
WEST INGHOUSE
/7

7-11

861%2-1925, 863-1875F

F D. ROLL/DAM

.1879,3.4485
NO MANDREL
NONE

617

AVT ONLY



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
TIHANGE 1

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1lst observation)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXPANSION TRANSITION.c s s nasvanaanna
1. EXFANDED REGION..¢sviveennans saseses
U-BEND TRAMSITION....... caxscsawa

U-BEND AFEX-DENTING RELATED.......u
U-BREND AFEX-NGT DENTING RELATED.....
TSF INTERSECTION-DENTING RELATED....
PLUGS. . s secsnsasnsonsnsnnannrarsannns
FRIMARY FROBLEMS(e.g. sulfur attack).

oW oo oa
b g e e e L

_,I -
N0 Wb R

i -

8.2

9. REFORTED SECONDARY SIDE FROBLEMS(Yes/Na,Date or EFFD to 1st aobservatian)
9.1 SECONDARY SIDE IGSCC
?.1.1 EXPANSION TRANSITIDN................
9.1.2 TUBESHEET CREVICE«:.vusosvaansnssonsns
9.1.3 SLUDGE PILE REGION. ..o s nnoeacnas .« YES,SULFUR
?.1.4 TSP INTERSECTION::senvecosnancsanasss
9.2 INTERGRANULAR ATTACK (IGA)
72.2.1 EXPANSION TRANSITION. .- vcvcaccaaanns
.2.2 TUBESHEET CREVICE...ccivsnssesnsnnns
9.2.7 SLUDGE PILE REGION. . vt ccassnvaoannn
2.4 TSF INTERSECTION..,eca... csseassanas
DEMTING.: st nsenwns rssesssrmennarseEnuaennsn
CORROSION FATIGUE. .. cvcurosossnonnananannns
EROSION-CORROSION..... cessasaasanaas cesanua
FITTING. ceuesnsosascssenssnnasanannnnnnns -
WASTAGE. v v v v nus e emssvsensensesereassaennnnu
WEAR...... v ceecsestvsaenansanans . YES
OTHER SECONDARY SIDE PROBLEMS...........».. OD SUL ATT, FOR OEJS

RoRN1sIEN NG 4

900000 -0

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED...ss0.s s s avmmmaranae 120
10,2 TOTAL TUEBES SLEEVED..essesveassannennss cenan
10.2 0THER (tube expn.,stress relief,peening)...

11. NOTES
11.1




DOMINION ENGINEERING, INC.
EFRI/SGOG 11 CRACKING SURVEY
TRICASTIN 1

-3
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LANT DESCRIFTION

FLANT NAME AND UNIf NO. . oveacesaensnanansee TRICASTIN 1

UTILITY e aeanceoananns cesansnastsenn et arananas EDF
NSSS SUFPFLIER......u.s saresnsssansneionnns. FRAMATOME
ELECTRIC POWER RATING (MWE)....... N

THERMAL FOWER RATING (MWT)...vecevnennannns
DATE OF COMMERCIAL OFERATION....eseseesses. 8/14/80

TEAM GENERATOR GENERAL INFORMATION

NUMEER OF STEAM GENERATORS.....c.ca.s veeanas
STEAM GENERATOR TYFE..::suceasaenssasnsas.s RWOE
STEAM GENERATOR MODEL NO.voeseeasassaassses S1M
STEAM GENERATOR FABRICATOR/LOCATION........ .
DATE OF STEAM GENERATOR COMPLETION..«sceees 7/

TEAM GENERATOR DIMENSIONS

TURESHEET THICKNESS (inches).uccesesnananna

TUBE OUTSIDE DIAMETER (inches).scicrsssnass. 873

TUBE WALL THICKNESS (inchesS)iseessssnsaana. 030

NUMEER OF TUBES PER STEAM GENERATOR........ 3388
TUEBE FITCH (incheS)aisossnsssssnssssnannaass 1,281
TUBESHEET RADIAL CREVICE (inchesS).sccsanaes 0000
DEFTH OF TUBESHEET CREVICE (incheésS).seaaa. . 00,00

TEAM GENERATOR MATERIALS

TUBESHEET MATERIAL . cciivevenannnnntsssasans
TUBE SUFFORT PLATE MATERIAL.cciccueraecanns
TUBE MATERIAL..... crseanasansen reaseeasenns ALLOY 600
TUBE SUFFLIER...caeuenn. cssensarnnarnsesanas VALLOUREC
DATE OF TUBE MANUFACTURE........ e e e

MATERIAL FROFERTIES

ASTM GRAIMN SIZE RANGE.......s TN
CAREBON CONTENT RANGE (percent).ecessersnce-as
YIELD STRESS RANGE (kSi).cesscanannnsanaans
MILL ANNEAL TIME/TEMF (min/deg Fl...osennn.

EXFANSION FARAMETERS

TYFE OF EXFANSION FROCESS.....seveessanrses F.D.ROLL/DAM
RADII OF ROW 1 AND 2 U-BENDS (inches)...... 2.1873,7.4485
PROCESS USED TO FORM BENDS.......viessnnnns

STRESS RELIEF AFTER TURING (hours/deg F)...

TEAM GENERATOR OFPERATING FARAMETERS

FRIMARY COOLANT PRESSURE (PSi).ie.eaccanan ... 2248

HOT LEG INLET TEMFERATURE (deg F)...v...au. 613

COLD LEG OUTLET TEMFERATURE (deg F)........ 546

HOT LEG HEAT FLUX (BTU/hr/ft"3E) ... erua

COLD LEG HEAT FLUX (BTU/hr/+ft"2).aaecna.. .n

STEAM GENERATOR OFERATING TEMF. (deg F).....

STEAM GENERATOR OFERATING FRESS. (psi)...... 840
TYFICAL SLUDGE FILE DEFTH (inches).........

WATER CHEMISTRY...... sevasasans csenescsnoensn AVT ONLY
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DOMINION ENGINEERING, INC.
EFRI/SG06 II CRACKING SURVEY
TIHANGE 2

10,

11.

REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to ist observation)

8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION.....vsassaasea. YES
.2 EXPANDED REGION..u:sasesaeenassaanns YES
T U-BEND TRANSITION: cerevsveoananennnnn
4 U~BEND AFEX-DENTING RELATED..sss-a..
5  U-BEND APEX-NOT DENTING RELATED.....
6 TSP INTERSECTION—-DENTING RELATED....
7
R

FLUBS. e s s s ssssssssanaanannsasancnasns
FRIMARY PROEBLEMS(e.g. sulfur attack).

Ummmmmm

1
1.
.1.
-1,
. 1.
1
H

8.2 THE
REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to lst observation)
9.1 SECONDARY SIDE IGSCC

9.1.1 EXFANSION TRANSITION....ccceocennvas

?.1.2 TUBESHEET CREVICE. s .vuservenaaaaanas

?.1.3 SLUDGE PILE REGION...issscecccceaenas

9.1.4 TSF INTERSECTION.:csssrcenaencaancns
9.2 INTERGRANULAR ATTACEK (IGA)

9.2.1 EXPANSION TRANSITION...cscucueseanns

2.2 TUBESHEET CREVICE.:cercrtannaasnanans
2.2.%7 SLUDGE PILE REGION..cssenausnseennss
?.2.4 TSF INTERSECTION.  eccessneananununsnn

P.% DENTING.....ccoinvrvnsnanssnccasnsnnsasnsanas
9.4 CORROSION FATIGUE. cwsecccnanssensaaanns cesa
9.5 EROSION-CORROSION...stseoansnsnsaassocessanus
9.8 PITTING....vcornsvssnsnranarcannsaananencsnss
2.7 WASTABE....eessersnecsscanstacsanseanansasanass
9.8 WEAR:::.cveussosnansssssasassnsansannsannnnn ..
9.9 OTHER SECONDARY SIDE PROBLEMS......eevcennn

INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES FPLUGGED. . cscouacnorsaansasannnnn
10.2 TOTAL TUBES SLEEVED. .. ussscnenvsonrcansnnnne
10.3 OTHER (tube expn.,stress relief,peening)...

NOTES
11.1

11.2

11.3

D-129




DOMINION ENGINEERING,

INC.

EFRI/SG0OG II CRACKING SURVEY
TRICASTIN 2

4]

~

FLANT DESCRIPTION

1.1 FLANT NAME AND UNIT NO.....
UTILITY. s eneeennvsnnannansnnnss
NSSE SUFFLIER. ..o auaas
ELECTRIC FOWER RATING
THERMAL FOWER RATING (MWT).....
DATE OF COMMERCIAL OFERATION...

o~ N o i 1)

STEAM GENERATOR GENERAL INFORMATION

(RSN
PR

TEAM GENERATOR DIMENSIONS
TUBRESHEET THICKNESS
TURE OUTSIDE DIAMETER

TUBE WALL THICKNESS

TUBE FITCH (inches)........ .
TUBESHEET RADIAL CREVICE
DEFTH OF TUBESHEET CREVICE

N BRI M

] G G G )

STEAM GENERATOR MATERIALS

(MWE) e evennnansnnnsan

NUMEER OF STEAM GENERATORS.isssceasaacssaease
STEAM GENERATOR TYPE. . ivsevaaesansanancanve
STEAM GENERATOR MODEL NO..cevcvaaanasnnnsan
STEAM GENERATOR FAEBRICATOR/LOCATION.
DATE OF STEAM GENERATOR COMFLETION..

(inchesS) tacecvnsnsnnnns
(INChEeS) s sersnncesana
(iNCheS)sceraasasssanss
NUMEBER OF TUBES PER STEAM GENERATOR...... .

(inches).csiaaresns. .
(inches) et essvnnwe

4.1 TUBESHEET MATERIAL. tccncansnssansaaensanans
4.2 TUBE SUPFORT FPLATE MATERIAL..vveartaanranns
4.7 TUBE MATERIAL. . s et veunasnnnsnconanaas .o
4.4 TUBE SUPPLIER..:ssuvasvnsanscsanaansnnsanes
4.5 DATE OF TUBE MAMNUFACTURE. ...vanaens

TURE MATERIAL FROPERTIES

5.1 ASTM GRAIN SIZE RANGE...ceavew..

5.2 CAREON CONTENT RANGE (percent).....s.iecaaaa.
S.3% YIELD STRESS RANGE (ksSi)aesvsenan.

.4 MILL ANNEAL TIME/TEMF (min/deg Fl.i..isseaess
TUBE EXFANSION FARAMETERS

6.1 TYFE OF EXFPANSION FROCESS. . ervecccenneeauens
6.2 RADII OF ROW 1 AND 2 U-BENDS (inches).u.....
6.7 FROCESS USED TO FORM EENDS.......s..

4.4 STRESS RELIEF AFTER TUEBING (hours/deg F)...
STEAM GENERATOR OFERATING FARAMETERS

7.1 FRIMARY COOLANT PRESSURE (psi)....

7.2 HOT LEG INLET TEMFERATURE (deg F)

7.7 COLD LEG OUTLET TEMFERATURE (deg Fl........
7.4 HOT LEG HEAT FLUX (BTU/hr/+ft"2)..

7.5 COLD LEG HEAT FLUX (BTU/hr/ft"2).ccuea... -
7.6 STEAM GENERATOR OFERATING TEMF. (deg Fl.....
7.7 STEAM BGENERATOR DFERATING PRESS. (pSi).s....
7.8 TYFICAL SLUDGE PILE DEFPTH (inches).........
7.9 WATER CHEMISTRY. i cswsnaanunans rereenss e

TRICASTIN

EDF

FRAMATOME
13

11/ 4/80

-
RS

RWOE
Sim

/7

. 875
. 050
3388
1.281

Q0. Q0

ALLOY &00

=
“

VALLOUREC/WEST

F.D. ROLL/DAM
2.1875,3.46483

2248
517
546

840

AVT ONLY



DOMINION ENGINEERING, INC.
EFRI/SGO6B II CRACEING SURVEY
TRICASTIN 1

8. REFORTED FRIMARY SIDE PROBLEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION... .. cseaonsonss

8.1.2 EXPANDED REGION...v.eeceianencnnnnns
8.1.% U-BEND TRANSITION. cuveensannnncssana
8.1.4 U-BEND AFEX-DENTING RELATED.scoacsans
8.1.5 U-BEND AFPEX-NOT DENTING RELATED.....
8.1.6 TS5F INTERSECTION-DENTING RELATED....
8.1.7 PFPLUGBS.. st erenvrauannssonsonanananons
8.2 OTHER FRIMARY FROELEMS(e.g. sulfur attack).

?. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to 1st observation)

7.1 SECONDARY SIDE IGSCC
9.1.1 EXFANSION TRANSITION.
%.1.2 TUBESHEET CREVICE....
9.1.3 SLUDGE PILE REGION..suvewcrenanannns
P.1.4 TEF INTERSECTION. .cueesssneananensas

2.2 INTERGRANULAR ATTACK (IGA)

?.2.1 EXPANSION TRANSITION.:csvesssonsnsas
9.2.2 TUBESHEET CREVICE...vuscesonnnnsancna
.2.7 BSLUDGE PILE REGION...ecncanencannans
2.4 TSP INTERSECTION. cevecesancensncanns

?.% DENTING.....icecnennns cnansaa ssesucernssannaa
?.4 CORROSION FATIGUE. .+ eeceveosusooncenvennonsss
7.5 EROSION-CORROSION: . esaviaeneassacnnsansnsne .
?.6 FITTING.veveeeanonnnons tesessamasssasaaunas
?.7 WASTAGE....sue.. sessaasssscssasaruasasacuan
7.8 WEAR....cencenas T
9.9 OTHER SECONDARY SIDE FROBLEMS. ..eeecensnees

10, INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED. . :cascnnsssassannnsnses 49
10.2 TOTAL TUEES SLEEVED. tuussesaaas ceesosssanus
10.5% OTHER (tube expn.,stress relief,peeningl)...

11. NOTES
11.1




DOMINICN ENGINEERING, INC.
EFRI/SGOG I1 CRACKING SURVEY
TRICASTIN X

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NO...... v sesuesannans
1.2 UTILITYeaeaunnn vennasesasnas faaes ..
1.5 NESS SUFFLIER. cicesavsvascsvsessonsnnnnanas
1.4 ELECTRIC FOWER RATING (MWE) tevernaaenvrenan
1.5 THERMAL FOWER RATING (MWT) cecusnonnesnnnsns
1.6 DATE OF COMMERCIAL OFERATION...¢saua... ens

k3

TEAM GENERATOR GENERAL INFORMATION

.1 NUMBER OF STEAM GENERATORS. .:crescenaacscnn
2 STEAM GENERATOR TYPE..

T STEAM GENERATOR MODEL NO.wseeveasoaresonans
4 STEAM GENERATOR FABRICATOR/LOCATION..:eses.
.5 DATE OF STEAM GENERATOR COMPLETION......c..

kY IR B3 n UJ

. STEAM GENERATOR DIMENSIONS

TUBESHEET THICENESS (inches)..esscsvuaveraas
TUBE QUTSIDE DIAMETER (inches)..s-ccecicoananas
TUBE WALL THICKNESS (inchesS).veivsavcecannsanns
NUMEER OF TUEBRES PER STEAM GENERATOR........
TUBE PITCH (inches)sssresaannaenaannas
TUBESHEET RADIAL CREVICE (inchesS).sesssss.-
DEFTH OF TUEBESHEET CREVICE (inches)........

N R e

DRI R o B I |

TEAM GENERATOR MATERIALS

TUBESHEET MATERIAL......
TUBE SUPFORT FLATE MATERIAL...
TUBE MATERIAL.....cuu.
TURE SUFFLIER...
DATE OF TUERE MANUFACTURE.

S
4
4.
4
4
4

o By o

C

$aid B 1
m

MATERIAL FROFERTIES .
ASTM GRAIN SIZE RANGE...... s ssanaaa .
CAREON CONTENT RANGE (percent)..cussrvuaeaas
YIELD STRESS RANGE (ksi).
MILL ANNEAL TIME/TEMF (min/deg F)

]

o n 3

EXFANSION FARAMETERS
TYFE OF EXPANSION FROCESS....evucanensn eaa
RADII OF ROW 1 AND 2 U-BENDS (inches)......
FROCESS USED TO FORM EENDS..
STRESS RELIEF AFTER TUBING (hours/deg

m

Pk~ m

~o o4

TEAM GEMERATOR OFERATING FARAMETERS
FRIMARY COOLANT FPRESSURE (psi)
HOT LEG INLET TEMFERATURE (deg F)
COLD LEG QUTLET TEMFERATURE .(deg F)........
HOT LEG HEAT FLUX (BTU/hr/ft"2)
COLD LEG HEAT FLUX (BTU/hr/+ft™2)
STEAM GEMNERATOR OFERATING TEMF. {(deg F).....
STEAM GEMERATOR OFERATING FRESS. (psi)
TYFICAL SLUDGE FILE DEFTH (inches)...
WATER CHEMISTRY......

NN NN NN N W

O NOW L] R

D-134

TRICASTIN =

EDF
FRAMATOME
P13

4/21/81

RWOE
S1M

//

875
. 030
388
1. ”81

00,00

ALLOY 600

VALLOUREC/WEST

144

F.D. ROLL/DAM
2.1875, 5. 4685

2748
613
546

840

AVT ONLY



DOMINION ENGINEERING, INC.
EFRI/SG0OG II CRACKING SURVEY
TRICASTIN 2

8. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to 1ist observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION. .v.veussansnwnn
1.2 EXFANDED REGION. s s vacaveeennansnnens
1.5 U-—-BEND TRANSITION...veveeeeannans R
1.4 U-BEND AFEX-DENTING RELATED.:w:asnoan.
.1.5 U-BEND APEX-NOT DENTING RELATED.....
1.6 TSF INTERSECTION~DENTING RELATED....
1.7 PLUGS..... Feesesse s en v s E e,
8.2 HER FRIMARY FROBLEMS(e.g. sulfur attack).
9. REFORTED SECONDARY SIDE PROBLEMS(Yes/No,Date or EFPD to ist Dbservatlon)
9.1 SECONDARY SIDE IGSCC
F.1.1 EXFPANSION TRANSITION. . .ccseeasaannnes
?.1.2 TUBRESHEET CREVICE. . eeeusnaacnnaanes
9.1.3 SLUDGE PILE REGION. ...cvvvcecananens
9.1.4 TSP INTERSECTION. .. vsceuvnseansanes
2.2 INTERGRANULAR ATTACK (IGA)
9.2.1 EXPANSION TRANSITION....ececcecnaasens
9.2.2 TUBESHEET CREVICE. .« eeeseoceenncanan
?.2.3 SLUDGE PILE REGION.......vceeanaunss
9.2, TSP INTERSECTION. s evesvanaenncensena
DENTING. . uvvessonecsnennnnssasnnsnnnscansns
CORROSION FATIGUE. s e sunasennunnnnenssunannns
EROSION-CORROSION. s s ciavnaanccnnonvnsonsnas
PITTING. cvausesnsnessennacncsnosnaessonnnans
WASTABE . .t e et en e s inansnannassanansnsannnns

WEAR. s s ssstenraccnnsnasenesnnsnnessnsnannns

OTHER SECONDARY SIDE PROELEMS......cccenenen

V900000
NONO OB

10. INSERVICE REMEDIAL MEASURES
10,1 TOTAL TUEBES FLUGBGED. « cveevansosnnnnnas cewna
10.2 TOTAL TUBES SLEEVED..:sesnssvaans s eme e
10.% OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1
11.2
11.3

11.4

11.

]

11.6

D-133



DOMINION ENGINEERING, INC.
EFRI/S606 Il CRACKING SURVEY
TRICASTIN 4

1. PLANT DESCRIFTION
1.1 PLANT NAME AND UNIT NOuuueeneeonanrnncnssns
1.2 UTILITY.euveenerannsnssnnnnnns e
NSSS SUFFLIER..... e
ELECTRIC FOWER RATING (MWE) e uvsvcnrennensas
THERMAL FOWER RATING (MWT)ueusseovsorenranns
DATE OF COMMERCIAL OFERATION..seeuvsssnranas

-
o4k

-3

STEAM GENERATOR GENERAL INFORMATION
NUMBER OF STEAM GENERATORS.cieceaescnsennns

2.2 BSTEAM GENERATOR TYPE.ssciescernanancannnnus

2.7 STEAM GENERATOR MODEL NO.evessacsananasorann

2.4 STEAM GENERATOR FABRICATOR/LOCATION........

2.5 DATE OF STEAM GENERATOR COMFLETION.........
3 TEAM GENERATOR DIMENSIONS

E

1 TUBESHEET THICKNESS (inches)...scavsacanans
2 TURE QUTSIDE DIAMETER (incheS)icaessesnns .
3 TUBE WALL THICKNESS (incheS)issseeanscscans
4 NUMBER OF TUBES PER STEAM GENERATOR.....a..
S

b6

7

TURE FITCH (inches).....uas cranuasses s annn
TUBESHEET RADIAL CREVICE (inches)....v.a..n
DEFTH OF TUBESHEET CREVICE (inches)........

L Ll 4 0 )

4. STEAM GENERATOR MATERIALS
4,1 TUBESHEET MATERIAL......... ctaascsennasnaa
4.2 TURE SUFFORT FLATE MATERIAL....c..c... asaes
4.7 TUBE MATERIAL. s s usassessnnnnnessnnsss saaaas
4.4 TUBE SUPPLIER...ccevasnnrnnnasssnnnnnnansss
4.5 DATE OF TUBE MANUFACTURE......... cenenseana
S TUEBE MATERIAL FROFERTIES
J.1 ASTM GRAIN SIZE RANGE. . i ceorcaceasanurannss
3.2 CARBON CONTENT RANGE (percemnt)..c..ccu... v an
5.7 YIELD STRESS RANGE (ksi).eiveavsnarnnnnnnas
S.4 MILL ANNEAL TIME/TEMP (min/deg Flaseoesaa..
6. TUBE EXFANSION PARAMETERS
4.1 TYFE OF EXPANSION FROCESS. cvsecnnrnnncnnsse
6.2 FRADII OF ROW 1 AND 2 U-BENDS (inches)......
6.7 PROCESS USED TO FORM BENDS. ..ot eenannns
6.4 BSTRESS RELIEF AFTER TURING (hours/deg F)...

7. STEAM GENERATOR OFERATING FARAMETERS

7.1 FPRIMARY COOLANT FRESSURE (pPSilecciicssennnns
7.2 HOT LEG INLET TEMFERATURE (deg Fluic.voion...
7.7 COLD LEG OUTLET TEMFERATURE (deg F)..... “en
7.4 HOT LEG HEAT FLUX (BTU/hr/+Ft"2)..c.u.an. “ae
7.5 COLD LEG HEART FLUX (BTU/hr/ft"Z).uceanasnan .
7.6 STEAM GENERATOR OFERATING TEMP. (deg F).....
7.7 STEAM GENERATOR OFERATING FRESS. (psi)......
7.8 TYFICAL SLUDGE FILE DEFTH (inches)......uv..
7.9 WATER CHEMISTRY..eoereencannannn tiereccaann

D-136

TRICASTIN 4
EDF
FRAMATOME
?15

107 2/81

-

RWOE
1M

/7

.875
. 050
388
. 281
Melalulel

ALLCY &00
VALLGBUREC
7/

F.D. ROLL/DAM
2.1875, 3. 4685

2248
617
S46



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY

TRICASTIN

11.

REFORTED FRIMARY SIDE. PROBLEMS

8.1

8.2

-

FRIMARY SIDE IBSCC

8.1.1 EXFANSION TRANSITION.
8.1.2 EXFANDED REGION......
8.1.353 U-BEND TRANSITION....
8.1.4

8.1.5

8.1.6

8.1.7 PLUBS. . .uaeesveevenas
OTHER FRIMARY FROBLEMS(e.g.

(Yes/No, Date or

U~BEND APEX-DENTING RELATED.:sscenus
U-BEND AFEX-NOT DENTING RELATED.....
TSF INTERSECTION-DENTING RELATED....

sulfur attack).

REFORTED SECONDARY SIDE PROBLEMS (Yes/No,Date or

9.1

0000000
g ONO U

INSER

10.1
10.2

10.3

NOTES

11.1

11.2

11.73

11.4

11.

4]

11.6

SECONDARY SIDE IGSCC
F.1.1 EXFANSION TRANSITION.
?.1.2 TUBESHEET CREVICE....
?.1.% SLUDGE FILE REGION...
%.1.4 TSF INTERSECTION.....
INTERGRANULAR ATTACK (IGA)
-2 EXFANSION TRANSITION.
?.2.2 TUBESHEET CREVICE....
?.2.% BSLUDGE FILE REGION...
.2.4 TSF INTERSECTION.....
DEMNTING......coinunnne reaae
CORROSION FATIGUE. s v ivvnnnas
EROSION-CORROSION. . v v v aan .
FITTING..... P rses et ceuna
WASTABE. v v vuu. cesaan seaeae
WEAR. « v vt s seannnnensnns

OTHER SECONDARY SIDE PROBLEMS.....aeuuwena..

VICE REMEDIAL MEASURES

TOTAL TUBES FLUGGED.........
TOTAL TUBES SLEEVED. .. evasss.
OTHER (tube expn.,stress rel

ief,peening)...

D-135

EFFD to 1st observation)

YES

EFPD to 1st observation)




DOMINION ENGINEERING, INC.
EFRI/SG0G I1 CRACKING SURVEY

TROJAN

1. FLANT DESCRIFTION
1.1 FLANT NAME AND UNIT NOwaaweaeveaanoasnunnns
1.2 UTILITY.ua... R RN
1.5 NS5S SUPPLIER. e caaseresncenanenasnen ceanans
1.4 ELECTRIC FOWER RATING (MWE).....-veoenns cas
1.5 THERMAL FOWER RATING (MWT).. . ceaaaean
1.6 DATE OF COMMERCIAL OPERATION.......-u.s -

+3

)|

~

TEAM GENERATOR GENERAL INFORMATION
NMUMBER OF STEAM GENERATORS.....

STEAM GENERATOR TYPE..wesuersenarsenne
STEAM GENERATOR MODEL NO.....cacnans
STEAM GENERATOR FAERICATOR/LOCATION.

[ S I AR RIS}

SR T2 Y o8 ]

STEAM GENERATOR DIMENSIONS

[ I 0]

DATE OF STEAM GENERATOR COMFLETION...ecawws

7.1 TUBESHEET THICKNESS (inches)....crassnaaans

2 TUEE OUTSIDE DIAMETER (inches).sessesassean
Z.3 TURE WALL THICKNESS (inches).eeecceccennann
.4 NUMBER OF TUBES FER STEAM GENERATOR...-a...
.5 TUBE FITCH (inchesS)cicseseansssnasssnncannns
.4 TURESHEET RADIAL CREVICE (inches)...e... .
=.7 DEFPTH DOF TUBESHEET CREVICE (inches)...«:z..
STEAM GENERATOR MATERIALS
4.1 TUBESHEET MATERIAL ... v.cvaussassassnnnnsans
4.2 TUBE SUPFORT FLATE MATERIAL....... crsenes
4,7 TUEE MATERIAL.csuavanasnsonnsornsenaaranunn
4.4 TUBE SUFFLIER: . ceasssseanaans csasavmacesans
4.5 DATE OF TUBE MANUFACTURE..cssetaananacannen
TUBRE MATERIAL FROFERTIES
5.1 ASTM GRAIN SIZE RANGE. .. cecscesnsnsnsannns
5.2 CAREBON CONTENT RANGE (percent)..e«... PP
5.7 YIELD STRESS RANGE (KSi)cusnsanssasasnrasns
5.4 MILL ANNEAL TIME/TEMF (min/deg F).. fensan

c
m

EXFANSION FARAMETERS
TYFE OF EXFANSION PROCESS......

FROCESS USED TO FORM BENDS.....

o- o0~ 0~ A
Hoid k) I

STEAM GENERATOR OFERATING FARAMETERS

QOO W ] ke

HOT LEG HEAT FLUX (BTU/hr/ft"Z2)

STEAM GENERATOR OFERATING TEMF.

NN N S N ] s SE

WATER CHEMISTRY..... crresanaaan

FPRIMARY COOLANT FPRESSURE (psil).us....
HOT LEG INLET TEMFERATURE (deg F)l.seaawnv..
COLD LEG QUTLET TEMFERATURE (deg Flessaeo..

COLD LEB HEAT FLUX (BTU/hr/ft™2)...

RADII OF ROW 1 AND 2 U-BENDS (inches)......

STRESS RELIEF AFTER TUBING (hours/deg F)...

(deg Fluee..-

D-138

STEAM GENERATOR OPERATING FRESS. (psi)......
TYFICAL SLUDGE PILE DEFTH (inches)

TROJAN
FORTLAND GENERAL ELE
WEST INGHOUSE
1130
3411
S/15/76

4

RWOE

S1A
WESTINGHOUSE
/7

20

PRI ¥

. 875

. 050
=88

1.281

. QOQO0

QO 00

FORG. STL.
Ccs

ALLOY 600
WESTINGHOUSE
/7

8

Q37

56—59 (AVG S8.6)
1750-1800 (tubes)

ROLL/EXFLOSIVE
2,1875,3.4685
W BALL MANDREL
NONE



DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
TRICASTIN 4

8. REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION. ecvaencvaenassa
8.1.2 EXFANDED REGION...... cesssesnsenannn
8.1.7 U—-BEND TRANSITION...csueuns esreaunnna
8.1.4 U-EBEND AFEX-~DENTING RELATED...v::ccaw
8.1.5 U-BEND AFEX-NOT DENTING RELATED.....
8.1.6 TSF INTERSECTION-DENTING RELATED....
8.1.7 FPLUGS..2cvasnn- ceemasaras e
8.2 OTHER FRIMARY FROEBLEMS(e.g. sulfur attack).
?. REFORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFFD to 1st observation)
9.1 SECONDARY SIDE IGSCC
P.1.1 EXFANSION TRANSITION....svcesvannsns
9.1.2 TUBESHEET CREVICE«wsssassocssssnsnns
?.1.7 GSLUDGE FPILE REGION. .. ee.occenannncanas
9.1.4 TSP INTERSECTION. s v vwuuevunsasusnanns
.2 INTERGRANULAR ATTACHK (IGA)
2.2.1 EXFPANSION TRANSITION. .. avevscasnann
2.2 TUBESHEET CREVICE. .. ecoscssanncancan
?.2.57 SLUDGE PILE REGION..cuvrsvesanesosnuan

| 9.2.4 TSP INTERSECTION...... .
| @.% DENTINGw:eeaes. et oesmaemmsesse e
| 9.4 CORROSION FATIGUE. s cevenasnennansranenaanna
| 9.5 ERDSIONM-CORROSION..vsnsenass feaeseasenannna
| P FITTING. eseeunrsunsnosnsserannanarnnnnns R
} F.7 WASTABE. . vveononnances Ceenveeiansunnnnnnus
| .8 WEAR. e eeeroenarnans Gt e mwecesereaararse e

9.9 OTHER SECONDARY SIDE FROBLEMS. .o ieeasvsoass

10, INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED.:..csesascanas csactanaas
10.2 TOTAL TUBES SLEEVED. .. evesvsoannonnnanne -
10.3% OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1

11.

8]

11.3

11.4

11.

4]

11.46

D-137



DOMINION ENGINEERING, INC.
EFRI/B5G06G II CRACEING SURVEY

TROJAN

8. REFORTED FRIMARY SIDE FPROBLEMS (Yes/No, Date or
FRIMARY SIDE IGSCC

8.1

8.2

8.1.1

OO0 WO
e e o e

_‘ [
N0 O G

-

EXFANSION TRAMSITION. .cv.ceevaanann

EXFANDED REGION......... cesenrrsaces

U-BEND TRANSITION. cveevenaannnn cxus
U-BEMD AFEX-DENTING RELATED........

U-EEND AFEX-NOT DENTING RELATED.....

TSF INTERSECTION-DENTING RELATED...
FLUBS e s sasusennnanssnnssenss .

FRIMARY FROBLEMS(e.g. sulfur attack)

?. REFORTED SECONDARY SIDE FROBLEMS (Yes/No,Date or
SECONDARY SIDE IGSCC

.1

000000
g ON O

9.1.1 EXFPANSION TRANSITION....coceascanns
9.1.2 TUBESHEET CREVICE. ... enunnnn caae
9.1.3 SLUDGE FILE REGION...c.eeerrasnasas
?.1.4 TSF INTERSECTION..... cree s
INTERGRANULAR ATTACK (IGA)

F.2.1 EXPANSION TRANSITION........ tesunaa
2.2 TUBESHEET CREVICE. .. e vesvsssacanss
2.2.F SLUDGE PILE REGION..eetveavseacssnss
?.2.4 TSP INTERSECTION. ... eneraeeenns .
DENTING. ... ... Crecesnuseannna e ser s
CORROSION FATIGUE. .. v ecuenan cvscanasnaa
ERCGSION-CORROSION. s vt et v e nnnnnanns ceeanee
FITTING: ceeusvenennnannnas e e cesevanan
WASTAGE. v e v s nus Cesensesananans s erean
WEAR. ceveenrnennancnsas eee e ceereanens

OTHER SECONDARY SIDE PROBLEMS....ccivevncana

10. INSERVICE REMEDIAL MEASURES

10,1 TOTAL TUBES FLUGBED. v usvess et enanansnnnan
10,5

10,

11. NOTES

11.
11,
11.
11.
11.

11.

-
o<

=

1

]

4]

TOTAL TUBES SLEEVED. ...+ cveneonacsen veanae

OTHER

{tube expn.,stress relief,peening)..

EFFD to 1st aobservation)

YES

EFFD to 1ist ohbservation)

405

ALL ROW 1 UEB PLUGGED




DOMINION ENGINEERING. INC.
EFRI/SG0OG II CRACEING SURVEY
TURKEEY FOINT & (ORIG S6)

1. PLANT DESCRIFTION
1.1 PFLANT NAME AND UNIT NO:seccseasneanrvennans
1.2 UTILITY...urenasusunannssancnassanannnan .
1.7 N&SSS SUPPLIER...tcanssnsausacnvsosarcensons
1.4 ELECTRIC FOWER RATING (MWE) cavcianavnasans
1.5 THERMAL POWER RATING (MWT).eeeerenrecaaans
1.6 DATE OF COMMERCIAL OFERATION. .. scccvunnnen

2. STEAM GENERATOR GENERAL INFORMATION
2.1 NUMBER OF STEAM GENERATORS...sceesannaacss
2.2 GSTEAM GENERATOR TYFE..ceessesraacanananans
2.7 STEAM GENERATOR MODEL NO....oceeciererecran
2.4 STEAM GENERATOR FAEBRICATOR/LOCATION.......
2.5 DATE OF STEAM GENERATOR COMFLETION........

i

. BSTEAM GENERATOR DIMENSIONS
TUBESHEET THICKNESS (inches).cceiursnnssanss
TURE OUTSIDE DIAMETER
TUBE WALL THICKNESS (incheéS)essruannnaraan
NUMEBER OF TUBES PER STEAM GENERATOR.......
TUEBE FITCH (inchesS)eiecscrnonsssrsanaananes
TUBESHEET RADIAL CREVICE (inches).....ev..
DEFTH OF TURESHEET CREVICE

~NOO LR e

PRI T R R |

T

EAM GENERATOR MATERIALS

1 TUBESHEET MATERIAL. ... ccsr i acnananasaas
2 TUBE SUFFORT PLATE MATERIAL. .. cveeunanannn
T TUBE MATERIAL..e.v.icsnesnnsnsaanavnunnans
4 TUBE SUFFLIER.: ceeanvscanareasosnnanaannas
S DATE OF TUBE MANUFACTURE..

bbbk bW

[

ik~ @
m

MATERIAL FROFERTIES
ASTM GRAIN SIZE RANGE:.cccvasveraaran
CARBON CONTENT RANGE (percent)
YIELD STRESS RANGE (ksi)....
MILL ANNEAL TIME/TEMP

o a S

EXFANSION FARAMETERS
TYFE OF EXFANSION PROCESS........ e e neaaas
RADII OF ROW 1 AND 2 U-BENDS (inches).....
FROCESS USED TO FORM BENDS..........
STRESS RELIEF AFTER TUBING (hours/deg

—
C
—~ m
m

o o> C B
Boid B

7. STEAM GENERATOR OFERATING FARAMETERS

(min/deqg Floisseenans

(iNchesS) s ccuavsncanss

(inches)ssaenses

7.1 FRIMARY COOLANT FRESSURE (pSi)sesteve-nenes
7.2 HOT LEG INLET TEMFERATURE (deqg Fl......... .
7.% COLD LEG OQUTLET TEMFERATURE (deg Fl........
7.4 HQT LEG HEAT FLUX (BTU/hr/ft"2) ccesnccanans
7.5 COLD LEG HEAT FLUX (BETU/hr/ft"2).cceneaanna
7.6 STEAM GENERATOR OFERATING TEMF. (deg F).....
7.7 STEAM GENERATOR OFERATING FRESS. (psi)..... .
7.8 TYFICAL SLUDGE FILE DEFTH (inches)...--..a.
7.9 WATER CHEMISTRY....... T

TURKEY FOINT 3=

FLORIDA FOWERZLIGHT

WEST INGHOUSE
&76 -
2200

12/715/72

-

RWOE

44

WEST INGHOUSE
/7

22.0
.875
. 050
3214
1,234
L Q060
18.00

FORG. STL.
cs
ALLOY 600
HUNT INGTON
/7

FART DEFTH ROLL
2.188,3.47

H BALL MANDREL
NONE

e L e =
PO P

603
336

S1lé

2,00

EARLY FHOS, AVT




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY

TUREEY FOINT 3= (

11.

ORIG S6)

REFORTED FRIMARY SIDE FROBLEMS (Yes/No, Date or

8.1

8.2

FRIMARY
8.1.1

A0 U k)

E

SIDE IGSCC
EXFANSION TRANSITION........ cea e
EXFANDED REGION. . co i eieennaanns e aans
U-BEND TRANSITION..... e nes e aa .
U—-BEND AFEX-DENTING RELATED...vvueu.s
U-EEND AFEX-NOT DENTING RELATED.....
TSF INTERSECTIOM-DENTING RELATED....
FLUGS e cnveeanas neesmssasnaes v aeas
RIMARY FROEBLEMS{e.g. sulfur attack).

REFORTED SECONDARY SIDE FROEBLEMS(Yes/No,Date or

9.1 SECONDARY SIDE IGSCC
9.1.1 EXFANSION TRANSITION........ creaaeas
F.1.2 TUBESHEET CREVICE. . civeenaanssnnonss
?.1.3 SLUDGE PILE REGION. . ueueeseresns -
F.1.4 TGP INTERSECTION..:isetesenanannnnoas
2.2 INTERGRANULAR ATTACK (IGA)
?.2.1 EXFANSION TRANSITION. cvianeecrsosenas
-2.2 TUBESHEET CREVICE..... teres i s
?.2.5 GSLUDGE PILE REGION.svasseaesnrnannns
?.2.4 TSF INTERSECTION.....covmaenss cranae
2.3 DENTING......0u.... Prsssesaasncanan e caen
7.4 CORROSION FATIGUE...... Fevese e e e
.5 EROSION-CORROSION. . +sssccrcenmnnnanansaonnns
.6 FITTING. e uwuwans e senene eareaunaes e enn
7.7 WASTAGE..... ... seraarssan cresas st raasens
2.8 WEAR. ... avvnnns s dsercesanne sevearasee e
7.9 OTHER SECONDARY SIDE FROBLEMS........... . .
INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED......... S eeess e s sarman
10.2 TOTAL TUBES SLEEVED. . .wewerns Carer e

10.°37 OTHER ¢

NOTES

11.

11.

11,7

11.

11.

11.

1

8]

4]

tube expn..stress relief,peening)...

D-141

EFFD to 1st observation)

YES

YES

EFFD to 1st observation)

YES

YES

2119

(SEVERE)



DOMINIUN ENGINEERING, INC.
EFRI/S60G I1 CRACKING SURVEY
TURKEEY FOINT 4 (ORIG 8G)

1. FLANT DESCRIFTION

1. 1 FLANT NAME AND UNIT NOu.weswssassnaansaa-ue= TURKEY FOINT 4 (ORIG SG)
UTILITYe s uvencennnnnsanassnncnssnnsannewsnas FLORIDA FPOWERZLIGHT
NSSS SUFPLIER. veescossmnnavrsasannseseranas WESTINGHOUSE
ELECTRIC FOWER RATING (MWE) ccesrasnsanacasas 676
THERMAL FOWER RATING (MWT) vevsnnwonnaenssas 2200
DATE OF COMMERCIAL OFERATION..sesasecsssnasw P/13/73

b b b e
« = »

[3 R L A 8

)
)

TEAM BENERATOR GENERAL INFORMATION
NUMEEFR OF STEAM GEMNERATORS.c.saonssssasnara 3
STEAM GENERATOR TYFPE..eeereacesnncscaanana- RWOE
STEAM GENERATOR MODEL NO..eissscacnncaaceas 44
STEAM GENERATOR FABRICATOR/LOCATION

DATE OF STEAM GENERATOR COMPLETION......... //

PRI R FIEL D

U] B e T

AM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (incheS).usessanasssaaes Z22.0
TURE OUTSIDE DIAMETER (inchesS).cesassewssss 875
TUBE WALL THICKNESS (inches)...:sscssssraas 030
NUMEER OF TUEBES FER STEAM BENERATOR........ 3J260
TUBE PITCH (incheS) esesaensasnsssanesancsna 1,234
TURESHEET RADIAL CREVICE (inches)....ass... 0060
DEFTH OF TUBESHEET CREVICE (inchesS)........ 18.00

E
K|

4. STEAM GENERATOR MATERIALS
4.1 TURBESHEET MATERIAL. .+ - csenvaanuraanans eseas MNLZMO
4.2 TUBE SUFFORT FLATE MATERIAL..cvarsanaaaanas. C8
4.7 TUBE MATERIAL..:a.a. Cremnasnaanus evarans «sa ALLOY 600
4.4 TUBE SUFPFLIER...csvus esresesesc e eomenss HUNTINGTON
4.5 DATE OF TUBE MANUFACTURE. . cocrwoonnen ssnass /7
5. TUBE MATERIAL FROFERTIES
5.1 ASTM GRAIN SIZE RANGE. tsevwsnanaa ereseesann
5.2 CARBON CONTENT RANGE (percent)...... Pesaans
5.3 VYIELD STRESS RANGE (kSil).caneririnnancenoansn
.4 MILL ANNEAL TIME/TEMF (min/deg Fl.....c..c.n

5. TUBE EXFANSION PAﬁAMETERS
&.1 TYFE OF EXFANSIOM FROCESS. . evrecaranasns .. FART DEFTH ROLL

&.2 RADII OF ROW 1 AND 2 U-BENDS (inches)......
$.7% PROCESS USED TO FORM BENDS..vaeesan==sa--«. H BALL MANDREL
4.4 BTRESS RELIEF AFTER TURING (houwrs/deg F)... NONE
7. STEAM GENERATOR OFERATING FARAMETERS
7.1 FPRIMARY COOLANT FRESSURE (psi)....... sesenn 2233
7.2 HOT LEG INLET TEMFERATURE (deg Fl.«.v.... .o 602
7.3 COLD LEG OUTLET TEMFERATURE (deg F)...... .. o6
7.4 HOT LEG HEAT FLUX (BTU/hr/ft"2) iuesaneennes 104000
7.5 COLD LEG HEAT FLUX (BTU/hr/+€"3).neceenn .o
7.4 STEAM GENERATOR OFERATING TEMF. (deg Fl..... 310
7.7 STEAM GENERATOR OFERATING FRESS. (psi)...... 770
7.8 TYFICAL SLUDGE FILE DEFTH (inchesS)..cc.evn- 1.30
7.2 WATER CHEMISTRY..asasus carana ressasmaazas ... EARLY FHOS, AVT
D-142




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
TUREEY FOINT 4 (ORIG SG)

8. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to 1st abservation)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITIOM...... e se e
8.1.2 EXFANDED REGION..... frassessesananne
8.1.% U-BEND TRANSITION. v e:vsvannssnnaanns
8.1.4 U-BEND AFEX-DENTING RELATED......... YES
8.1.5 U-BEND AFEX-NOT DENTING RELATED.....
8.1.6 TSF INTERSECTION-DENTING RELATED.... YES
8.1.7 FLUGS: . et sansevsnonnananns fes e

8.2 OTHER FRIMARY FROEBLEMS(e.g. sulfur attack).

9. REFORTED SECONDARY SIDE FROBLEMS{Yes/No,Date or EFFD to 1st abservatian)
2.1 SECOMDARY SIDE IGSCC
P.1.1 EXFANSION TRANSITION. cvivveewsasssans

?.1.2 TUBESHEET CREVICE....... canvesssanan
F.1.3 SLUDGE FILE REGION. . .eeesenaacsssans
?.1.4 TEF INTERSECTION...ceeecrenaoennanns

2.2 INTERGRANULAR ATTACK (IGA) :
?.2.1 EXPANSION TRANSITION..... fe st st
F.2.2 TUBESHEET CREVICE..ceeerveonaacannns .
F.2.7 SLUDGE PILE REGION. cveeseveveenaansn
F.2.4 TSF INTERSECTION..ssas.- e ssessanan

?.Z% DENTING..... feresrnennsaan Paesaaser e YES (SEVERE)

?.4 CORROSIOM FATIGUE. . v vaasas Fesaras e e e

2.5 EROSICN-CORROSION. ... eernss sracua venanas

F.6 PFPITTING.w . eewnvneennnns PesssersesanranmEaan

?.7 WASTAGE. ...« nan.s ferrasesaasann crearaseenaes YES

?.8 WEAR........ M ssssaEsasacssan s annenn .

2.9 OTHER SECONDARY SIDE PROBLEMS....... saesaus

10. INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES PLUGGED. v e v eveuasveenaanannasnnss 2498
10.2 TOTAL TUBES SLEEVED.:sewrvassanns csassennns
10.7% OTHER (tube expn.,stress relief,peening)...

11. NOTES
11.1

11.

(3]

11,7
11.4 ) |

i1,

o

11.6




DOMINION ENGINEERING, INC.
EFRI/SGOG II CRACKING SURVEY
ZION 1 ‘

LANT DESCRIFTION

.1 PLANT NAME AND UNIT NO...... Cemsssaass s
2 UTILITY. . iueesonnsaancasaonnnsna e
5 NSSS SUPFLIER.csisesevuveronsernansvsnansnnaa
.4 ELECTRIC FOWER RATING (MWE)....... racauaas
3 THERMAL FOWER RATING (MWT).v.cveearuansnns
.6

DATE OF COMMERCIAL OPERATION.....ctoveenan

)

STEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS. .. ceceenacesnss
STEAM GENERATOR TYFE: .. aveancassnvancanasns
STEAM GENERATOR MODEL NO.:eswaevsaacssnans
STEAM GENERATOR FAEBRICATOR/LOCATION.......
DATE OF STEAM GENERATOR COMPLETION........

FI R R PRI R
A b by o=

TEAM GENERATOR DIMENSIONS

TUBESHEET THICKNESS (inchesS)..c.cceeeennans

TUBE WALL THICKNESS (incheS)..ieveensrnuse
NUMBER OF TUBES PER STEAM GENERATOR...:...
TUBE FITCH (inches).iivienvuueencancnnacnns
TUEBESHEET RADIAL CREVICE (incheS).ssssenss

N R AR -M

A ] O

TEAM GENERATOR MATERIALS

TUBESHEET MATERIAL. e cvuaceranarsanssnnsa

TUBE MATERIAL: . erecrcnananroancansrasnnsns
TURBE SUPFLIER:.cvesveacenscoscssnannnannae
DATE OF TUBE MANUFACTURE. .. euvsnanss e
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Ao M

C

SRy =
m

MATERIAL FROFERTIES
ASTM GRAIN SIZE RANGE....... ceuesaaann cenn

YIELD STRESS RANGE (KSi).vwuuisvaassnnnruns
MILL ANNEAL TIME/TEMF (min/deg F)..cocvees

mawmom-A

o
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m

EXFANSION FARAMETERS

TYPE OF EXPANSION PROCESS. . cuv.svamcnnns .o
RADII OF ROW 1 AND 2 U-BENDS (inches).....
FROCESS USED TO FORM BENDS. s vseveernoanns .
STRESS RELIEF AFTER TUERING (hours/deg F)..

(s 1

TEAM GENERATOR OFERATING PARAMETERS
PRIMARY COOLANT PRESSURE (PSi)ieecevnasvas
HOT LEG INLET TEMFERATURE (deg Flesuuiues.o..
COLD LEG OUTLET TEMPERATURE (deg Fl.......

HOT LEG HEAT FLUX (BTU/hr/f€"2) s rivaanns

STEAM GENERATOR OFERATING TEMF. (deg F)....
STEAM GENERATOR OFERATING FRESS. (psi).....
TYFICAL SLUDGE FILE DEPTH (inchesS)...esss.
WATER CHEMISTRY.. v aseuv... PN feaesaaeaaa
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D-144

TUBE COUTSIDE DIAMETER (incheS).secevenmuns.

DEPTH OF TUBESHEET CREVICE (inches)........

TUBE SUFPORT PLATE MATERIAL...ccencceusans-

CAREON CONTENT RANGE (percent)..seecacasss.

COLD LEG HEAT FLUX (BTU/Rr/ft™2) censuasnnns
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COMMONWEAL TH
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DOMINION ENGINEERING, INC.
EFRI/SG0OG II CRACKING SURVEY
ZION 1

8. REFORTED FRIMARY SIDE FROELEMS (Yes/No, Date or EFFD to 1st observation)
8.1 FRIMARY SIDE IGSCC

8.1.1 EXFANSION TRANSITIOM........... ceean
8.1.2 EXFANDED REGION. 2w s eusrnnnnan [
8.1.3 U-BEND TRANSITION.w.wescsnanssannmsas YES
8.1.4 U-BEND AFEX-DENTING RELATED.........
8.1.5 U-EEND AFEX-NOT DENTING RELATED.....
8.1.6 TSF INTERSECTION-DEMTING RELATED....
8.1.7 PLUBGS.. ¢ eciunrsanranansnnns P eaes e e

8.2 OTHER FRIMARY FROBLEMS(e.g. sulfur attack).

?. REFORTED SECONDARY SIDE FRORLEMS(Yes/No,Date or EFFD to 1st abservation)
9.1 SECOMDARY SIDE IGSCC
F.1.1 EXFANSION TRANSITION. .vvswe-. ceerrun
?.1.2 TUBESHEET CREVICE. .. vvsnnans crsenans
. 9.1.F SLUDGE PILE REGION...vcsnvrsassannns
F.1.4 TSP INTERSECTION. .. s esersaseansannnasn
9.2 INTERGRANULAR ATTACE (IGA)

?.2.1 EXPANSION TRANSITION. .. cverenannsas .
?.2.2 TUBESHEET CREVICE.....ccvvunarsan=a. YES
9.2.7 SLUDGE PILE REGION. . cteeoraunensaans . YES
P.2.4 TSF INTERSECTION. ..ienceerenernanans

.7 DENTING..wseseenvnnsnrssansnanas creaeas ... YES

7.4 CORROSION FATIGUE..veveeesnnaanan e e

9.5 EROSION-CORROSION..... cesuussasesamassnann

9.6 PITTING........ crrencencenannans ceseramenue

P.7 WASTABE. . eericueennnnnnessnssnarsnnnsans ...« YES

2.8 WEAR....eevoerenns cee s esaena crssasessss YES

9.9 OTHER SECONDARY SIDE PROBLEMS.....cccvvea..

10. INSERVICE REMEDIAL MEASURES

10.1 TOTAL TUBES PLUGGED. . evueuveessonnsans veaa. 498

10.2 TOTAL TUBES SLEEVED. i svesasscsnnan frra e

10.32 OTHER (tube expn.,stress relief,peening)... ALL ROW ! UEB FLUGGED

11. NOTES

11.1

11.2

11.3

11.4

11.5

11.6




DOMINION ENGINEERING,

INC.

EFRI/SG0G II CRACKING SURVEY
ZION =

]
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FLANT DESCRIFTION

FLANT NAME AND UNIT NOuseaeancnnens
UTILITY....
.% NSS5 SUFFLIER....s.s .
ELECTRIC FOWER RATING (MWE)........
THERMAL FPOWER RATING (MWT) . cuvevvanns
DATE OF COMMERCIAL OFERATION.......

STEAM GENERATOR GENERAL INFORMATION

NUMBER OF STEAM GENERATORS.....caas
STEAM GENERATOR TYPE. .. :ecvcecananas
STEAM GENERATOR MODEL NO.....vsasss
STEAM GENERATOR FABRICATOR/LOCATION
DATE OF STEAM GENERATOR COMFLETION.

U bR

[SESRAN SN S|

STEAM GENERATOR DIMENSIONS

TUBRESHEET THICKNESS (inches).
TUBE QUTSIDE DIAMETER (inches).....
TUBE WALL THICKNESS (inches).
NUMEBER OF TUBES FER STEAM GENERATOR
TUEE FITCH (inches).ssiecaaancsnaans
TUBESHEET RADIAL CREVICE (inches)..
DEFTH OF TUBESHEET CREVICE (inches)

STEAM GENERATOR MATERIALS

4.1 TUBESHEET MATERIAL. ...
TUBRE SUFFORT FLATE MATERIAL....... .
TUBE MATERIAL.:vessacescunsnanansss
TUBE SUFFLIER.... crscasannas
DATE OF TUBE MANUFACTURE.
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[
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MATERIAL FROPERTIES

ASTM GRAIN SIZE RANGE.
CAREBON CONTENT RANGE (petrcent).....
YIELLD STRESS RANGE (kSi)..vovaananas
MILL ANNEAL TIME/TEMP (min/deg F)..

mae -

[am
m

EXFANSION FARAMETERS
TYFE OF EXFPANSION PROCESS.....ccn.s
RADII OF ROW ! AND 2 U-BENDS
FROCESS USED TO FORM EBENDS.
STRESS RELIEF AFTER TUEBING

oo
Bl B e 1D

TEAM GENERATOR OQFERATING FARAMETERS
FRIMARY COOLAMT FRESSURE (psi)
HOT LEG INLET TEMFERATURE f{(deg F)..
COLD LEG OUTLET TEMFERATURE (deg F)
HOT LEG HEAT FLUX
COLD LEG HEAT FLUX (BTU/hr/ft"2).
STEAM GENERATOR OFERATING TEMF. (deg
STEAM BENERATOR OFERATING FRESS. (ps
TYFICAL SLUDGE FILE DEFPTH (inches).
WATER CHEMISTRY.s:ccevuun.  ee

NN NN NN NN W
VOo~NoeWE=k-m

D-146

(hours/deg

(BTU/hr/$t"2) s ea v

(inchesS) csuesas
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F)owean
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ZION 2

COMMONWEALTH EDISON

WESTINGHOUSE
1085

2760
11/15/74

4

RWOE
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WEST INGHAUSE
/7
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.875
. 030
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1.280
. DOL0
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WEST/HUNTINGTON
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FART DEFTH ROLL
2.1875,7.468S5
WH BALL MANDREL
NONE
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‘ DOMINION ENGINEERING,

INC.

EFRI/SGOG II CRACKING SURVEY
ZION 2

10.

11,

REFORTED FRIMARY SIDE FROELEMS (Yes/No,
8.1 FPRIMARY SIDE IGSCC

a
—
[

DOm@Wom
T = = s s
AN Uk R

8.2

EXFANSION TRANSITION........
EXFANDED REGIOM....vevianunn
U-BEEND TRANSITION..cessaauan
U-BEND AFEX-DENTING RELATED.
U-EBEND APEX-NOT DENTING RELATED..
TSF INTERSECTION-DENTING RELATED.
FLUBS . s earcnssnssnnasncesannnanns
FRIMARY FROEBLEMS(e.g.

Date

or EFFD to ist ohservation)

sulfur attack)

YES

REFORTED SECONDARY SIDE FROBLEMS (Yes/No,Date aor EFFD
%.1 GSECOMDARY SIDE IGSCC
?.1.1 EXFANSION TRANSITION........
?.1.2 TUEESHEET CREVICE...cicerune

?.1.3 GSLUDGE PILE REGION.a«eveseaesasanens
?.1.4 TS8P INTERSECTIOM. ... cieeeranuanasnnas
7.2 INTERGRANULAR ATTACK (IGA)
?.=2. EXFANSION TRANSITION........ cicaaans
P.2.2 TUBESHEET CREVICE....ccavuaeareenans
%.2.3 SLUDGE PILE REGION..... sasassaanarun
2.4 TSF INTERSECTION. e eeewesvenasnnnans
2.3 DENTING....... sacaans srsarsssssssassaasunne
.4 CORROSION FATIGUE. cennnerersnaansnsnsnsanns
7.5 EROSION-CORROSION. v esceosarssesonsasessnse
?.6 FITTING...owwnn.. e e EraasesserEssana e E s
7.7 WASTAGE...... fe v e aEsaa s rsatrr e s e e .
9.8 WEAR. . twwvsoeroaesnnaasnsnsrsnanansnns cermsae
2.9 OTHER SECONDARY SIDE PROBLEMS....cse.oiveues
INSERVICE REMEDIAL MEASURES
10.1 TOTAL TUBES FLUGGED. ... .ccseseansoonrannnns

10.2 TOTAL TUBES SLEEVED. uenvsevvanncasncnsss

10.73 OTHER (tube

NOTES
11.1

11.

35 ]

11.

oA

11.4

11.

w

11.6

expn.,stress relief,peening)...
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DOMINION ENGINEERING, INC.
EPRI/SGOG II CRACKING SURVEY
ZORITA 1

10.

11,

400000 wQ

REFORTED FRIMARY SIDE PROBLEMS (Yes/No, Date or EFFD to ist observation)

8.1

8.2

REPORTED SECONDARY SIDE FROBLEMS(Yes/No,Date or EFPD to 1st abservation)

7.1

S ONDM S

INSER
10.1
10.2
10.3

NOTES

11.1

11.2

11.3

11.4

11.5

11.6

FRIMARY SIDE IGSCC
8.1.1 EXFANSION TRANSITION. .« sessevevenaas
2 EXPANDED REGION...cesvesvannvsanaans
T U-BEND TRANSITION...w.csosanssassacns
<4 U-BEND AFEX-DENTING RELATEDu:ocvenas
.9 U-BEND APEX-NOT DENTING RELATED.....
.1.6 TSP INTERSECTION-DENTING RELATED....
8.1.7 PLUBS...vesssuascannnssansssassssnonas
OTHER PRIMARY PROBLEMS(e.g. sulfur attack).

SECONDARY SIDE IGSCC

F.1.1 EXPANSION TRANSITION.«:ceeoaveosanans
9.1.2 TUBESHEET CREVICE.:cescesecasssvnnnas
9.1.%7 SLUDGE PILE REGION««swevsanesssanens
?.1.4 TEBF INTERSECTION.:aeceesosenencasanne
INTERGRANULAR ATTACK (IGA)

?.2.1 EXPANSION TRANSITION.cscenossnsasasas
?.2.2 TUBESHEET CREVICE«.ccsceecasneennnns
9.2.3 SLUDGE PILE REGION:coscesesoncanenss
9.2.4 TSF INTERSECTION..:wveecnsancssannnas
DENTING.o2ssveesavensssannsanassnsnnasanssans
CORROSION FATIGUE. s s evensncnananvsanannnna
EROSION-CORROSION. svuucesssssavsvansasanans
PITTING. s eesessvaoncsnaansnscsansnanananuasns
WABTAGE. e vceessncessssncnsssnsannsaananans

WEAR. . it uaecennsecnncennsasnnuasasnnnannnns

OTHER SECONDARY SIDE PROBLEMS....ccvea.cnne

VICE REMEDIAL MEASURES

TOTAL TUBES FLUGGED.....cccvuasusensassanas
TOTAL TUBES SLEEVED. .. ccevcucoccasnassansnn
OTHER (tube expn.,stress relief,peening)...

D-148
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YES (MINOR)

YES

YES

YES
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DOMINION

ENGINEERING, INC.

EFRI/SG0OG II CRACKING SURVEY

ZORITA 1

1. FLANT DESCRIPTION

1
.4
.5

6

FLANT NAME AND UNIT NO...cssceaanaccanansns
UTILITY. e eavsnsnsanasnsunnnsnsncssnnasnasacnns
NSGS SUPFLIER.vsveccsesasnnnanscananssnnnans

ELECTRIC FOWER RATING
THERMAL FPOWER RATING

MWE) e vevecnsnnnavsas
(MWT) ccaaveennannennsns

DATE OF COMMERCIAL OFERATION....ececcncaves

2. STEAM GENERATOR GENERAL INFORMATION

B
—

[RRARAN BN

‘MUMBER OF STEAM GENERATORS....secivnanuinees

STEAM GENERATOR TYPE...ceesusscarsscnsnnnss
STEAM GENERATOR MODEL NO..vcssssseencscnnas
STEAM GENERATOR FABRICATOR/LOCATION..caasan
DATE OF STEAM GENERATOR COMFLETION.....v...

I. STEAM GENERATOR DIMENSIONS
TUBESHEET THICKNESS (inches)..ccccaccsnnnnn

.1

NO-U Pl ks
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PRS-
m
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o0 004
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TUBE OQUTSIDE DIAMETER

(inchesS)esrecessnnaas

TUBE WALL THICKNESS (incheS).scissoaccsasas
NUMEER OF TUBES PER STEAM GENERATOR.:veess.

TUBE FPITCH

(iNChEeS)evacsrancssssannennennns

TURESHEET RADIAL CREVICE (inchesS).eciceassss
DEFTH OF TUBESHEET CREVICE (inches).......

AM GENERATOR MATERIALS

TUBESHEET MATERIAL . sc. i vauvnoneansssnnns
TUBE SUPFPORT FLATE MATERIAL..cccvsanvssaansns
TURE MATERIAL . ccvevenecvasaverssvansanans
TUBE SUPPLIER.. s eesssscsseascusnannnsonnns
DATE OF TUBE MANUFACTURE...ccseesennorusnas

MATERIAL FROFERTIES

ASTM GRAIN SIZE RANGE...cecsenrsessanstssasrs
CAREBON CONTENT RANGE (percent)...ecesvncens

YIELD STRESS RANGE

(kSi)euneansnanansns

MILL ANNEAL TIME/TEMF (min/deg Fl...sesssn

EXFANSION FARAMETERS
TYFE OF EXFANSION PROCESS:. .. ccvvscnnarnans

RADII OF ROW 1 AND 2 U-BRENDS

(inches)..

FROCESS USED TO FORM BENDS....ecvenennasas

STRESS RELIEF AFTER

TUBING

AM GENERATOR OFERATING FARAMETERS
FRIMARY COOLANT FRESSURE

(PSi)eweeceans

HOT I-EG INLET TEMFERATURE (deg Fl......

COLD LEG OUTLET TEMFERATURE
(BTU/hr/+t"2) . 0.

HOT LEG HEAT FLUX
COLD LEG HEAT FLUX

(deg Fle.s.

(BTU/hr/ft"2)saauenn

STEAM GENERATOR OFERATING TEMP. (deg F).
STEAM GENERATOR OFERATING PRESS. (psi)..

TYFICAL SLUDGE PILE

DEPTH

(thours/deg F)..

(inches) ceervonse

WATER CHEMISTRY. .ttt veencrosnssonsnsnannan

D-149
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?

10-18-93 02:59PM  FROM PCI LAKE BLUFF T0 1616764142 P002/003

n“ FIELD MACHINING, WELDING,

EnergyServices TOOL DESIGN & ENGINEERING

October 11, 1993

Mr. Robert Van Wagner
Consumers Power Company
Palisades Generating Plant
27780 Blue Star Memorial Hwy
Covert, MI 49043

Subject: Independent Film Review of Pressurizer PORV and PSS Line
Dear Mr. Van Wagner:
The film and results of the welds I reviewed are listed below. The

review was of final radiographs as well as root radiographs of the
welding on the PORV line.

WELD UTILITY INDEPENDENT

LINE NO. NUMBER RT DATE EVALUATION REVIEW (TDG)
PCS-4-PSS-IP1 XR20 9/19/93 Acceptable Agi'ee with Interpretation
‘ PCS-4-PRS~IPI XR2 9/93 Acceptable Agree with Interpretation
PCS~4~-PRS~IPI XR3 9/93 Acceptable Agree with Interpretation

PCS=4-PRS=-IPI XR5 9/21/93 Acceptable Agree with Interpretation-
PCS-4-PRS-IPI XR6 9/22/93 Acceptable Agree with Inter_pretation
PCS-4-PRS-IPI XR21 9/23/93 Acceptable Agree with Interpretation

PCS~6-PRS~IBI XR1 9/93 Acceptable Agree with Interpretation
(RV1040)

PCS-6-PRS-IAI XR1 8/93 Acceptable | Agree with Iﬁterpretation
(RV1039)

PCS-6~PRS-ICI XR1 9/93 Acceptable Agree with Interpretation

- (RV1041) |

PCS=4~PRS~IPI XR4 9/93 Acceptable Agree with Interpretation

PCS-4-PRS-IPI XR1 8/93 Acceptable Agree with Interpretation

PCS=-4-PRS-IPI XR1A 10/2/93 Acceptable Agree with Interpretation
PCS5=4-PRS=-IPI XR1l * 10/93 Acceptablq Agree with Interpretation
‘ PCS=-4-PRS-IPI XR2 * -10/93 Acceptablé Agree with Interpretation

* NOTE: These welds were previously identified as XR2 and
XR3, but renumbered after cut out.

One Energy Drive « P.O. Box 3000 « Lake Bluff, lllinols 60044 « (708) 680-8100
Branch Offices: Atlanta, GA ¢ Ashiand. VA = Banning, CA



10-18-03 02:59PM  FROM PCI LAKE BLUFF T0 16167641429 P003/003

o PCI*

In addition to the above radiographs I reviewed the film for the failed
weld PCS-4-PRS-IPI Weld 1A, dated June and September, 1993. The film in
June clearly showed a linear (crack) like indication from station marker
9%-12. The September, 1993 radiograph shows the crack running across
the weld into the stainless pipe. I was asked if that indication could
be "slag". I said no due to the fact that it is adjacent within <%"
from the root, it did not have the normal slag=~like appearance rough
jagged and irregular appearance. The indication appears to me to be a
base metal crack at the ID. I received the construction radiographs
dated 10/31/6%9 and the film does not meet code requirements for density
etc. Interpretation with this radiograph in the area of concern was not
feasible.

It appears that radiographs are in the as-welded condition for the Gas
Tungsten Arc Welding interpretation would be adequate, but for the
Shielded Metal Arc Welding process the stringers could mask indications.
The Ultrasonic ISI inspection appears to be performed with no or very
little surface preparation. I suggest that a review of the surface
preparation details be performed to enhance the ultrasonic examination
results.

If I can be of any further assistance in this matter, please feel free
to contact me at (708) 680-8100.

Sincerely,

Timothy O. Grubbs

V.P. Quality Assurance
TDG/k1s

101193.L1
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ENCLOSURE 4

Consumers Power Company .
Palisades Plant
Docket 50-255

MICROHARDNESS TEST RESULTS
FOR THE BASE METAL AND FRACTURE AREA

‘ October 20, 1993




Knoop Microhardness (HKJOO)

260

240

220

180

Palisades PORV Nozzle

Microhardness

38.6 R

36.8 R

i 34.8 R
Buik

32.8 R

30.4 R

27.8 Re

24.9 R

99.6 Ry

fraciure

97.1 Ry

94.2 Ry,

90.9 R

87.1 Ry

200
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Consumers Power Company

Palisades Plant
Docket 50-255

CPCo RESPONSE TO INFORMATION REQUEST 15
(1987 PORV Examination Results)

October 20, 1993



7.\

ULTRASONIC INSTRUMENT

Mfg/Model No. KB /ISP /O

ULTRASONIC INSTRUMENT LINEARITY RECORD

. - VERTICAL LINEARITY
Serial No. I/E05 -/ TH#E
Fi : Actual (Calculate) Actual
ilter Secting /'//i No. Higher 1/2 of Acceptance | Lower
Calibration Block Signal | Higher Limits” |Signal
Type < Beam o A/ L | wo | (5o | (#5555 52
Serial No. fRJ /0742 2 G0 ( 457 ) | (s2)=(520)| 5
Transducer 3 Y, (w0 ) | (3)=(4))| «o
:is- {ﬁ;}f 4 70 (35 )| (320)-(42)]| 34
ze Yo " 0D Ve
Frequency _2, 255,75 3 17 (320) | (252N 35
Serial No. 6 27 (25) | (20)-G2)| =25
Straight Angle 3 N YT = )
Beam ( 7 Beam (%) #0 20 -5 20
‘ 8 30 ( yy ) (v)=(22)| 5
HORIZ 9 22 (0 V(S5 )} o
ONTAL LINEARITY 10 y £4§/ 1 EZAZRI P
Back Grid |Acceptance *Acceptance Limits are 1/2 of the
Reflect.] Loc. Limits Higher Signal + 5% FSH.
1 1 1 ' Signal amplitudes are in % FSH.
2 Z 11.90-2.10
3 3 {2.85-3.15 . ,
& #_|3.80-4.20 AMPLITUDE CONTROL LINEARITY
S S 16.75-5.2% Inicial d3 Resulr | Acceptance
6 & $.70-6.30 Amplitude Change Limics
7 7 6.63-7.3% 80% FSH | Dowm 6 322 - 482
8 K |1.60-8.40 80X FSH |[Down 12 | /2 163 = 24%
9 9 [18.55-9.48 6% FSH [Up 6 | £ |643 - 962
10 10 10 203 FSH |Up 12 | £=2 64T ~ 962

("r Accaptable
This instrument is considered:

./,"/('74) Not Acceptable

Teat perforned by: Fivce CFEST Tavel Z. Date_folle/s3
Test approved by:w AL Lavel ~/ fs Date 2%

* Llevel II or III approval. Only required vhen
'~ Level 1 performs the linearity verification.




pd
PlanuUnit _ /Rl L8 L2

Comp/System ULTRASONIC o7 e, LEd-C
Procadure No. _;_WL
Zone LS - f2- LSl CALIBRATION DATA SHEET ST Ne. s Rev. £
Contract No.__ 2/ /257 Cal, Block No, ~— ,012“ a2
SEARCH UNIT Surface (10/00) ___ o0 |
Block/Comp, Temp _ 48 O¢; 29 O¢y l
Scan Augle: £ 9° Mode:g, pe | AVDAIA ~ .|
Fixturing {if any): / . : 0o 0 WELD i TO WELD “
iz Hpad | \DENT| SWEEP [ AMPL [ATTEN | SWEEP | AMPL ATTEN"
Size & Shaps: 34 ~ . _ POS % d8 PQS % d8 .}
Frequeney: 2, 2.~ Y= SCAN AREA ;‘: ’;‘; ij j; \ \ .
Serial No/Brand: 33403 4434 0° WRv ", ?0 7:7 37 | Z& ™ 2
Measured Anglse: o ¢ 0 Mat'l ) 4\\ '
Cable Type & Length:pg /7ty o 711 LToWeid 74 .
CouplantBrand: S v —pgcar Il To Weld . 100%
Couplant Batch: 473&/4‘ 90 Z 2 3 3
80
INSTRUMENT SETTINGS CAL, CHECKS TIME 10 N
Mfg/Modal No.: A28 Z/gn-/2 || Initial Cal, /#2220 60 <
Serial No.: 3/ # 74~ (544 Intermediate N2 S0
_ 40 -
Qamping 579 4 4ip7 Intermadiate N3 30 X
Mode Select: 9, ,.c0 < Reitct: 2 || Intennediate ) ° N
. : ; 10 ,
Frea.: 2 247, /45 Rep. Ratezg Final Cal, 525 0 luwu uuHuu Tmmmmm
Filter: /g Video:a//glack: @ Screen Divis 3 .
Sweep Length  C:vl  Fipez reen Oivisions, 10= 25— in,
- - NATION Recordable Scen
Sweep Delsy  C:wlp Fizgzy || EXAMI Indications | Limitation
Gain0%0qD) C: ¥ F: oy WELDIAREA COMMENTS
P— Gy F Yes | No | Yes | No
3in o Py | =
* YT SOW a7 47 204 P\ Mun ! 7% 4 Aosaca B Sare £O
Scan Sensitivity T2 4 2 s ¢ Y
~ INSTR, LINEARITY CAL,
High | Low H Low =
] : igh ) \L,:
1| @2 | ¢85 3
Bt T p (s
70 1357 % f
o130 |9 EXAMINER LEVEL 2= DATE /= o/23_
AMPL, CONTROL LINEARITY | EXAMINER ol \EVEL AL DATE allf
initiah Ads. Resit | REVIEWER Il LEVEL DATE
80 4 39 Authorized Inspection Ageney ____ DATE
80 | -12 220 ADDITIONAL SHEETS? (Cheek Box)
40 +8 E2 | continustion 1% | summet % |
20 +12 .7 Supplemants [/g| Other Y/ "" Lot /L
~ e ARITNIAN A 18 A/0GY




Comp/System Legqg/ 0/ RER ULTRASONIC

Plant/Unit Mggﬁ ) UT Ne. T F’ 1‘ 07
-
|
\

Procedurs No. s70 -4#0- 20 7 Rev A
Zone _LLS =12 =P8 - 24/ CALIBRATION DATA SHEET  §TNo, . v 9 e
Contract No. 2/ 7 CalBlockNo. /g
Surface (10/00) ___ o0 ]
SEARCH UNIT Block/Camp, Temp _Z.2 °F/ i o 98/ |
Scan Angle: £47< Mode:g /.y o AVDAIA |
Fiemring G any): 2 | . 0° or)TO WELD || TOWELD i
1X 9 yh 04474%‘ IDENT SWEEP | AMPL |ATTEN |SWEEP | AMPL |ATTEN \
Sze& Shape: 25 7 25 . POS | % d8 POS | % 3|
- i
Frequency: A_f/ﬁ/,//é SCAN AREA ;; ﬁf; ‘f/ﬁ jj :;7; C;Z ;;
% ; , ;
Serial Na/Brand: /424 / /43~ || 09 WRV ", 14 3 2 T
: ;o 0° Mat' e L_jéd ed GO o7 |
Measured Angle: S 2778 |30 |gf L, i
Cable Type & Lengthipe /7ift/ o ¢ L ToWeld D 7 24 \,\”
Couplant Brand: S, o reae [l To Weld 100% : — : .
. . A Seav g 3
Couplant Batech: D 7 39 /44 CC a4 ‘ >
INSTRUMENT SETTINGS CAL, CHECKS TIME 70 \\
Mig/Model No.: A8 £/8D-/2 || Initial Cal, e :g Y:\\ *
Serial No.: 3/ #74~ /544 Intermediate N/ 40 NN
Damping {ﬂém Intermediate N/R 30 Sty
Mode Sclect: Sz Reject: Zeg Interinediate B 1: ~ 1C
Frea,: /42 Rep. Rateyy Final Cal, [ 7.58 0 d_Lu_mHm LU
Filter: /8 Videa:a//gdack: £ , Screan Divi‘siom"lﬂib - g 10
Sweep Length  Ciwgp  Fi/zs5 s - ="
: - MINATION Rogord'lhlc _Scan
Sweep Delay  C:vp Fifsies EV?EALD JAREA Indications | Limitation
00 ey B - COMMENTS
Gain 0° or) 27#* : &4 Yes | No | Yes | No
Gain || 74 4
* 3,7 SOW a7 47 200 FH\ Mo ! |4 2l . |
Scan Sensitivity __ TZ o4 %" % ¢ Sace Lo T Lidow |
INSTR, LINEARITY CAL, \\
High | Low High ! Low -
1 ¢
1 20 45 |8 /‘11\
#$0 —
2 0 .
22 i Tap|ir | ' o~
3 35 8 . .
8| g l30 191170 ‘ exAMINEmEVEL_ﬂ DATE &/ 73
AMPL, CONTROL LINEARITY EXAMINER .7 . LEVEL ~~Z¢ DATE 9277, B
Initial ads Result | REVIEWER LEVEL DATE
80 X} 39 Authorized Inspection Agency DATE
80 | 12 _ ADDITIONAL SHEETS? (Check Box)
40 +8 Continustion % | BuamPlet 17
l » 7, Page of _/
20 +12 /4 Suppiements {V/g| Other > |

TR ARIIIAD A 18 A/BH



Z

ke (04093

Plan/Unit (252 L85 uT No. _ [ ERUH -2

Comp/System ULTRASONIC Procedure NO.S20-240-207 Rev. 7
Zone LS - 4S- LA 3 = L4/ CALIBRATION DATA SHEET ST No, o Rey. wir
Contract No. __ 2/ L25 7 i eal. Block No. - N7

Surface (10/00) 20 |
SEARCH UNIT Block/Comp, Temp _&2F %/ 529 Of/ |

Scan Angle: 5.9 < Mode: / ) AVDAIA .

Fixturing (if any): o : 0% arJTQ WELD Il TO WELD
1X 9 YLy mE IDENT SWEEP | AMPL JATTEN | SWEEP | AMPL |ATTEN

Size & Shape: 28, L prm ) _ POS | % 48 POS % d8 i‘

| #7222 |50 |47 !

Frequency: SCAN AREA i

-~y d,"f””’% Ty o\l # (5 |57 N |

Serial No/Bran .,2742/54 g/ 74 | - ; o \ge s |69 2 ll

Measured Angle: S 0" Mat'l il ‘ K\ |

Cable Type & Length: pe. /7ghgt/ 427 || LT0 Weld 7R i

Couplant Brand: S o rpome Il To Weld ’2 100% 1 . : : |

Couplant Batch: D239 /44 90 + 3

80
INSTRUMENT SETTINGS CAL, CHECKS TIME 70 <

Mfg/Model No.: A28 £/80 /2 Initial Cal, Jy.2% | 60

Serial No: 3/ F 74~ /545 Intermediate N9 ::

Damping 5 4 yp7 Intermediate N8 30 < |

Mode Select: 0192 Reject: 2ec | Intennediate AU 13 L-,,L |

WH”. Ratewg Final Cal, 2,0/ 0 Hwﬂuu un bbb o |

Filter: oy Video:a//gJack: 72 4 5 wi 10

Screen Divisions, 10= 2, 5~ in,
Sweep Length  C:vg F‘éi’é'a =
: - MINATION Hogotd_lblc _ Scan
Sweep Oelay Gy Fipgziy EXA Indications | Limitation
Gain 0° oD C: 27 F: a8 WELD/AREA COMMENTS
c'”// F. Yes | No | Yes | No

Gain || : 4 )

* 37 SOV Za7 47 BonF M\ Man #/ |74 j ogrrs B e £io

Scan Sensitivity __ a4 % &/ A Saer Lo 7 Lza0n

INSTR, LINEARITY CAL, \\
High | Low High | Low
L] 1 »
1| 92| ¢4 3 R
MﬁL

2| g0 |90 |5 2

3170 135 I3 Z -

ol 191120 EXAMINER T 2Pl \EVEL_ZZ_ DATE /2/r2/73 _
AMPL, CONTROL LINEARITY EXAMINER P, . . LEVEL A2 DATE all?
Initial ads. | Remit | REVIEWER i LEVEL DATE
. 80 -8 39 Authorized Inspection Agency DATE

80 | -12 ADDITIONAL SHEETS? (Check Sox)
40 +8 Continustion % | BesmPlot 17
20 +12 .74 Supplements V] Other v/ P‘P L _of L

~» R AARCRCAN a |Ba. /8GN




Verification Time
Final Calibration/Hr

5. Angle AJJA *  FullScreen = 41" Metal

AMPLUTUDE CONTROL LINEARITY CHECK

@ Examiner _NiC [ }\{t\}f Level _TI[ Date __10-10)-93 Sheet No. @H_ﬂ}
CONSUMERS POWER COMPANY : Ui
NONDESTRUCTIVE TESTING SERVICES Examiner 4/ 1A Level NDT Company ___ C./e
ULTRASONIC SYSTEM CALIBRATION REPORT Project No. 149315 228048 Requesting Dept /S/
Job Location Pa [LSgd;e § Total Hours Worked A
. et Urop Tabte
Search Unit #1 #2 #3 44 #5 /” Bewy 19N verification Block Serial No.__/ 1755/
. m et On. wamwe 5 y
Brand Name Ooua?mﬂh Sone ﬂbﬁ 10 a Calibation Reference Standard
. Y
Serial No. &g_ H&?J D.MDAES . T Material Type SS  serial No. 144-FH
Size 29 ....5_ 4315" L") - s ——~ ‘4/ Diameter ll“ Thickness l. IZS
Frequency (MHz) 215 1% % m 1 2 —T
Angle ()' 35' 55° _i ¢ Ultrasonic Instrument USK-?
Measured Angle AR Y5 é)’ﬁ. L I Serial No. Sel] Due 3- 5-
Wave Propagation LS ‘S L ‘ 0y n Search Unit Cable - l’."l o (?
Instrument Settings 3 pas 2 Type/Length : 1738
Sweep Range Z.rlh I.\D 5: | 2.1 2 Number of Connectors J)M:
Sweep Delay. Z 'j,b 110 (0.5 ' . , , Couplant Sowlrgg 40 Batch No. Q [ ,ﬂ j
Reference Gain (dB) ) j_Ls_ m é_LS, &LB, _ 0 1 2 3 4 s '3 7 s 2 10
) . n s SCREEN HEIGHT LINEARITY CHECK
Reject 0% Ok Ok O% |
Dampi E a Jf\ E s £ b 100% FSH SQI B0 _*%FsH  50%FsH 15125 *% FSH
ping ) \ \! aa)aid 4 ‘-I 5 : 2 -
Rep Rate Hl;l) \ \ [&ﬂ 1. Angle O - Full Screen = 1,5 " Metal 90% FsH ——5———’ WFSH  40% FSH—M % FSH
. - . 80% FsH_40 /40 esrsH  30%FsH IS /15 % rsh
Filter M Quh. 2. Angle 35 *  Full Screen = 'S " Metal
o o B 70%FsH 35 135 esrsn 20%FsH_[D /1D *%FsH
Initial Calibratiovir 1400 1440 140l 140] | | 3. Angle ?_‘H'm *  Full Screen = Z * Metal 3 -
s 60% FsH_30 / %FSH  The second r::;gc(tgrss’t‘\agsm
Verification Time 1932 1500 154y 16l 4. Angle {9 *  Full Screen = _2_" Metal |\ ification _1 to meat .m‘p“'mde linearity.
1951 1S 169 003
A0 190 1965 1906
10

] 11 . 3.
T — v/ 4} (Y, Y] — p——— 80% FSH -6 db 1 4] (32-48)%
809 FSH-12db 147 19 * (16-28)%
Remarks _AJ 1} serial No._3743-010%) catpue [-/8-9¢ 40% FSH +6db g() /| €0 * (64-96)%
Temperature: Cal Block §QB'E Item @"@ 20% FSH +12db L 182 * (64-96)%
*Verification ”\\t
Examiner &42 / ﬁ“%dz“?c Page { of | Reviewed By Level Date
Rev 1292




@ . Examiner gu‘ LO[A b& unP h €y level ][l  Date_ /4-/0-93  SheetNo. W vas)
CONSUMERS POWER COMPANY Examiner M /A Level _4 /¥y  NDT Company (& f G
NONDESTRUCTIVE TESTING SERVICES . ;
ULTRASONIC EXAMINATION REPORT Project No. _ 2. 493 Li 2280498 RequestingDept __ | S/
Job Location P Q ‘ 154 ul-o S Total Hours Worked /11
NDTProcedure VO T- T -01 Rev /) PERFORMED | Percentage | Scan Tan | systemcatibration
/ Ll - q 3 BEAM DIRECTION YES NO Scanned Hour Hour Sheet No.
T/ Axial Downstream [ 959, © 1 15405 1 {700 Remarks Te
Interpretation Requirements: Axial Upstream v /[ Va [ _t_})_‘uﬁﬂ:
Code /A Year AJJA__ Section iglﬁ part U1 x 3: Cd { {/ [\ ﬁﬂL
) [V
Other Reference P sl IS] Slﬂi (o A CCW DS 1% \ \ sk.m____
oW US s \
. '-L | fSS . . Totweld W s ]
Mate.nal Type “ Joint Design Bm - Tofweld C C,L\_) - " NA N
Nominal °'a'“g°;nt—12——A "°'“'“°E"‘"°“—Lﬂ5— Weld Crown: A. Height _, )7 fsutsce = @, A Sorrmed L o0 mfA o
Weld Type a enA 1) L oo B. Width ~

L
System Name p (.S LineNo. P(G-/?- L- Thickness at: ;:; 5""‘&555 & T *v', T 3 Lo Rule No. A)/ﬂ
T3 4 = 1 wWO/MO /{)/ﬁ
% L L2 Wy W w w3 Wi
emid | indication | OOCH | s5ox L so% ] sox | sox w max | so% | sox Search Unit Evaluation
Number Na. DAC Max DAC DAC mMp Max MP DAC MP [ location | Angle Beam Direction | NRI | RO | RP
Z IR N om Lo Lo\ om | g Lom Vo Yom \om L um | OJm | dim)  rm A
Notel 2 e;f_jﬁ_ | thel refelence anl ID
R G éo me f\/ Trllica of
W-ad an lamplhde of ot
E i / P f Revi dB Level Dat
xaminer é:ﬁ{izé 22;1 ﬂz,,iﬁ age / o _(_ ReviewedBy eve ate ——




@ Examiner E i ‘]gﬁé L‘Alm ﬂb[1¥ Level __JI[ Date _ )\ -[-93 Sheet No. m
CONSUMERS POWER COMPANY

Examiner AIA Level _J/# _ NDTCompany CPh
NONDESTRUCTIVE TESTING SERVICES : :
P .
ULTRASONIC EXAMINATION REPORT roject No 2493} 5. 22 8094 Requesting Dept 1S/
Job Location Pn lisade s Total Hours Worked __4 J//}
P s s .
NDT Procedure NOT- 0T -0l Rev ) O PERFORMED | Percentage | - Scan scan | system Calibration
j“ / ¢ Y44 BEAM DIRECTION YES NO Scanned Hour Hour | SheetNo.
- Axial Downstream v ‘Dn% [845 1700 |} pemarks A
Interpretation Requirements: Axial Upstream “ s / yd
Code AJIA  Year (R Section_g)/A Part_Lit xzz ‘; ( {\ (
Other Reference CCW DS / -\ )| \
CCW US v ) / )
Material Type ) (_5 [Z le Joint Design Qn-rf Io::r’e:: ((_::3 j \II, V [
- T - |75 ek ¥
Nominal Diameter lz Nominal Thickness Weld Crown: A. Height £ ush  [surface < Scanning |
.,t( Id B. Width ¢ Condition M{)a‘fh Surface oo AW
weldType___ No22)c 1o Soft © Thicknessat: 51 22
System Name &S Line No. - [2-PS). - 12 130 3 R ) 4 & LoRuleNo. _AJ/A
T-3 L1lS .I"lo . womo___J A
% L1 L2 ) Wy wW W) wy
temiD | indication Das:t 50% L S0% 50% 50% w Max 50% 50% Search Unit Evaluation
Number Ne. DAC Max DAC DAC mp Max Mmp DAC MP 1 Location | Angle Beam Direction | NRI | RQ | RPI

#) Jon Jomlom | dnlomboslon Lun |8 om VA vl Vos|l  om |

Examiner &id 4%“%"24 Page / of / Reviewed By Level Date
. Rev 12/92






