JUN 0 5 1882

R. P. McDonald, Chairman

Utility Steering Committee

EPR] Steam Generator Relfability Project
c/o Southern Nuclear Operating Company
P.0. Box 1295

Birmingham, Alabama 35201

SUBJECT: ALTERNATE TUBE PLUGGING LIMITS
Dear Mr. McDonald:

Thiz letter transmits a summary of the meeting bef!ween the EPRI Steam
Generator Reliability Project (SGRP) and the NRC staff on March 10, 1992, at
NRC Headquarters in Rockville, Maryland (Enclosure 1). During that meeting,
staff from the NRC Office of Nuclear Regulatory Research (RES) presented a
number of questions pertaining to the proposed voltage-based alternate
plugging limits. These questicns are provided in Attachment B of Enclosure 1.
The bases for these questions are provided in Enclosure 2 to this letter.
These questions relate to the generic methodology used to develop the proposed
voltage-based limits and, therefore, we request that the EPRI/SGRP coordinate
the industry response to these questions. A response by August 28, 1992 is
requested.

Sincerely, ! g

-

James E. Richardson, Director
Division of Engineering Technology
Office of Nuclear Reactor Regulation
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MEMORANDUM FOR: James E. Richardson, Director

Civision of Engineering Technology

FROM: James T. Wiggins, Acting Chief
Materials and Chemical Engineering Branch
Division of Engineering Technology

SUBJECT: MEETING SUMMARY OF MARCH 10, 1992

A meeting was held on March 10, 1992, with representatives from the Nuclear
Regulatory Commission (NRC), Electric Power Research Institute (EPRI) and
several utilities to discuss on-going work in the Steam Generator Reliability
Project (SGRP). The material presented by EPRI is included as Attachment A.

Steam Generator Programs managed by EPRI have existed since 1977. The
programs macaged by EPRI provide member PWR owners with information on the
status of current research in the areas of steam generator (SG) degradation
and methods to minimize this degradation. EPRIs SGRP, which has existed since
1987, has both U.S. and foreign utility participation.

The major objectives of the work in the area of SG reliability include: 1)
reducing lost capacity due to SGs, 2) reducing repair and maintenance efforts
associated with SGs, 3) reducing radiation exposure from work on SGs, 4)
maximizing SG operational safety, and 5) extending SG life.

fvaluation of industry trends have shown that average capacity factor losses
due to steam generator problems have decreased and that the average age of the
SG at the time of replacement has increased. Additionally, £G tube plugging
rates have remained steady although the dominant degradation mechanisms have
changed. Based on the current rate of SG tube plugging, it is expected that
the average service life of 5Gs in PWRs will be 20 to 25 years. A number of
these improvements are due to research by both U.S. and foreign groups.

Research activities, including non-destructive examination methods for
detecting and sizing of flaws, are currently on-going in the following areas
of SG degradation: 1) primary water stress corrosion cracking (PWSCC) at roll
transitions; 2) PWSCC of hot worked alloy 600; 3)intergranular attack (IGA)
and stress corrosion cracking (SCC) at tube support plates (TSPs), in sludge
piles, and in the free span of the tubes; 4) circumferential SCC; 5) anti-
vibration bar (AVB) wear and fatigue; and 6) denting.

In order to mitigate the rate of SG degradation, research is also being
performed in the area of secondary side water chemistry. The research
includes the following programs: 1) alternate alloy tests, 2) electrochemical
potential monitoring, 3) high hydrazine water chemistry, 4) IGA/SCC inhibitor
testing, 5) alternate amines for AVT, and 6) CREV-SIM and MULTEQ computer
codes. A draft revision to the EPRI PWR Secondary Water Chemistry Guidelines
will be issued early in 1993 to reflect laboratory work and field experience

in this area.
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Since the dominant SG tube degradation mechanism has changed from wastage to
SCC, utilities have begun to question whether or not the current depth based
SG tube plugging limit is appropriate for all forms of degradation. Alternate
tube repair limits are currently being proposed that utilize the relaticnship
between SG tube degradation mechanism, structural integrity, remedial
measures, operational leakage, and in-service inspection capability to define
defect-specific repair criteria that maintain the safety margins contained in
Regulatory Guide 1.121 and ASME Code Section III.

The industry is continuing its development of the SG Inspection Performance
Demonstration Program in order to ensure a current knowledge base and
demonstrated skill level by the analysts and to establish overall NDE system
performance goals.

Staff from the NRC Office of Nuclear Regulatory Research presented a number of
questions and concerns (Attachmen® ?) regarding the details of the proposed
alternate plugging criteria. A ri <o se to these concerns was requested.

Sl
James T. Wiggins, Acting Chief
Materials and Chemical Engineering Branch
Division of Engineering Technology
Office of Nuclear Reactor Regulation

Attachments:
A. NRC and SGRP handout
B. Alternate Plugging Criteria Concerns

i A W. Russell

J. Partlow

R. Bosnak

R.P. McDonald
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Figure 17 - Results from NRC Steam Generator Tube Integrity Program -
Equations for Curves and Similar Plots Reported in KUREG/CR-0718



e
@
3
U
/.‘
L &
X
@ O
o
ve'
-
?
-

r
3

acCKint




cunnpsnvvuacm~oonl%edkwuiandlwoannldL‘lkFunnn

Figure 15 - Reproduced from Westinghouse Report
WCAP-13129, Revision 1
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IGSCC Round Robin Team MO - Array Coil
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Figure 13 - Results from NRC Steam Generator Group Project
Reported in NURSEG/CR-2336 and NUREG/CR-5117
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IGSCC Round Robin Team MO - Array Coil
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Figure 12 - Results from NRC Steam Generator Group Project
Reported in NUREG/CR-2336 and NUREG/CR-5117
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IGSCC Round Robin Team MH - RPC
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Figure 10 - Results from NRC Steam Generator Group Project
Reponted in NUREG/CR-2336 and NUREG/CR-5117
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IGSCC Round Robin Team MF - Bobbin
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Figure 9 - Results from NRC Steam Generator Group Project
Reported in NUREG/CR-2336 and NUREG/CR-5117
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Figure 8 - Results from NRC Steam Generator Group Project
Reported in NUREG/CR-2336 and NUREG/CR-5117
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IGSCC Round Robin Team MD - Bobbin
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Figure 7 - Results from NRC Steam Generator Group Project
Reported in NUREG/CR-2336 and NUREG/CR-5117
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IGSCC Round Robin Team MD - Bobbin
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Figure 6 - Results from NRC Steam Generator Group Project
Reported in NUREG/CR-2336 and NUREG/CR-5117




paj Joday

~-¥J/934NN Ut
123( 04y dAnoJg 20104IUITY WIS JYN WOLY SI|NSAY - G aunbi 4

LT1

|

weaj] uodadsuy

8w

oW

HW 4W 3W aw

iy

rw

HW WW TW MW

dW OW

00

Probability of Detection

>

jeuojiueaua;

siRuIR) Y

12

uiqoy punoy D0S9I

SIiNS8Y QO0d



Team V

100

80 -

60

40 A

20

Estimated wall Loss, %

| ji*—l . 1
0 20 40 60 80
Metallography Wall Loss, %

v

100

Figure 4 - Results from NRC Steam Generator Group Project
Reported in NUREG/CR-5117 and NUREG/CR-5185
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TABLE 1. ODSCC Flaw Dimensions and Bobbin Voltages*

Specimen Maximum Ol Surface | Haw Bobbin ormalized |
Number Depth, % Length, In. |VYoltage, Volits | Voltage, Volits
B-6308 26 1“""""—'%',41 . 61
B-46-02 31 1.06 1.00 3.61
F-10 37 0.25 1.62 5.85
F-15 38 0.25 2.38 8.59
B-30-10 38 0.53 1.37 4.95
B-61-07 42 0.25 0.43 1.55
BA7 43 0.66 1.48 5.34
B-63-01 44 1.14 0.46 1.66
B-62-08 42 1.43 2.04 7.36
B-61-03 47 0.69 0.62 2.24
E-11-06 50 0.64 1.31 4.73
E-0707 58 0.45 3.44 12.42
3-6202 61 0.50 1.71 6.17
3-46-04 58 0.70 0.37 1.34
B-55-04 59 0.91 1.92 6.93
B-63-06 59 1.1 1.82 6.57
B8-50-07 76 0.81 2.2 8.01
E-1103 86 0.44 457 16.50
B-1008 99 1.08 7.24 26.14

-

* Data from NRC Steam Generator Tube Integrity Program-Phase 1]



Points of interest are that longer (above 0.8") through-wall flaws exhibit low
burst pressures and even relatively short but deeper flaws also exhibit low
burst pressures. Figure 17 shows for example that a tube with 0.4-inch long
through-wall flaw can withstand about 3,500 PSI priiiure but 2 C.2.inch jong
through-wail flaw would withstand only about 1200 PSI pressure. A tube with a
0.5-inch long flaw at 50 percent through-wall penetration would withstand
about 6,500 PSI pressure at 80 percent through-wall, 4,000 PSI at 90 percent
through-wall, 3,400 PSI and the 0.5-inch long flaw, 100 percent through-wall,
wouid withstand approximately 2,500 PSI.

Because voltage does not directly relate to crack length and depth for crack
morphologies of interest, a good correlation between voltage and burst
pressure is not expected. For example, short tight cracks (deep or through-
wall) would produce a low voltage and a high burst pressure, however, a long
tight crack (deep or through-wall) could produce a low voltage but also a low
burst pressure. Similarly, a series of short tight cracks, axially aligned,
with short 1igaments in between would produce low voltage and low burst
pressure. Figure 18 shows a plot of voltage vs burst pressure used by
industry in support of alternate tube plugging criteria. The 95 percent lower
tolerance Timit on the data is shown. Besides the large variability of a
Tactor of two in burst pressure and one to two orders of magnitude in the
voltage, the plot lacks data for the tight long flaws or tight short flaws,
axially aligned that could produce low voltages and low burst pressure.



Leak Rate/Crack Size Predictions and Variabilities

Assuming for a moment that a) through wall cracks can be reliably detected and
their length accurateily sized b) the amount of crack growth, any changas in
cracking mechanism and morphology, and growth outside of original zones can be
reliably predicted and c¢) particular cracks will not approach critical sizes
during the next operating cycle and are left in service, then these cracks
must be monitored during operation to assure that they will not approach
critical size. To accomplish this monitoring, leak rate measurements and
specifications are established. Unfortunately, for the types of cracks of
interest, correlations of leak rates to crack sizes and measured lTeak rates
vs. predicted leak rates (from fluid flow and fracture mechanics models) show
approximately two orders of magnitude variabilities, Figures 14 and 15.

N 1 . The variability is due to
several unknown or uncontrollable factors. The length of cracks varies from
the inside surface to the cutside surface, these lengths are not always known
or easily measured in service; the leak path for IGSCC is variable and highly
tortuous; cracks can be very tight and of variable tightness. Further, in
service, cracks can become fouled with small particles and/or corrosion
products and may be surrounded by support structures and corrosion products.
Under these conditions it is difficult to relate leak rate to crack length (to
assure it is below critical length). Furthermore, through-wall cracked tubes
in steam generators leak very 1ittle inservice whether the cracks are short or
long because of tightness, fouling, and constriction by corrosion products or
support structures. So, critical-cracks cannot be distinguished from
subcritical ones based on observed leak rates. Furthermore, the approach of
cracks growing to critical sizes cannot be determined since very small changes
in leak rates are expected in service. Finally, when hundreds or even
thousands of tubes may be leaking a very small amount, how does one
distinguish those tubes that have cracks of, or approaching critical size
under MSLE conditions? How many are there? Small leakage does not
necessarily mean short cracks.

A recent draft EPRI report attempts to shov correlations between leak rate and
EC probe voltage, Figure 16. These correlations are used in submittals to
support alternate tube plugging criteria. The log - log plot of Figure 16
shows very little correlation of voltage with leak rate. Five orders of
magnitude variability is shown for leak rates at a given voltage and one to
two orders of magnitude variability in voltage for a given leak rate. The
correlation coefficient for this plot is reported as 0.73 which also indicates
very poor correlation. This plot also lacks data for cracked SG tubes which
produce Tow voltages.

Burst Pressure vs. Degradation

The NRC tube integrity results indicate that tubes with short flaws exhibit
more strength than tubes with longer flaws of the same depth, alsc tubes with
shallow flaws can withstand considerably more pressure. Figure 17 shows plots
from an empirical equation derived from the data for EDM notches and validated
by testing of stress corrosion cracks. It is not surprising that tubes
removed from service have exhibited high burst pressures; this can be
predicted for short through-wall flaws or for other reasonably deep fi_...
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Uniform intergranular attack has been experienced which essentially produces a
thinning from an integrity point-of-view. Other uniform intergranular attack
progresses to a given depth, then is accompanied by cracking through
additional depth in the tube. Still anviner form, cellular intergranular
attack, is a network of axial intergranular cracking connected by
circumferential cracking. At different plants and within the same generators,
axial and circumferential cracks have been found. In the tube support plate
region, cracks have occurred in tubes within the thickness of the tube support
plate but have also grown beyond the support plate region and axial cracks
have also been accompanied by circumferential cracks. Although, at first,
cracks may be noticed only within the tube support plate region, cracks may
grow beyond the support plate region in time. Research studies have shown
that even for materials that are difficult to crack, once cracks are initiated
their growth is sustained and the crack growth rates are similar to those for
materials that are more susceptible to crack inftiation. To varying degrees,
the crack itself may act as a crevice and growth is sustained. Therefore,
cracks that initiated in the tube support plate crevice region could grow
beyond the original crevice. After the different cracks are observed, the
modes of cracking are recognized; however these cracking phenomena have not
been predicted nor their occurrence easily controlled. The various
mechanisms, causative factors and synergism between important parameters are
not well understood. Even if the effect of some of the important parameters
such as chemistry were well understood, their contrel in crucial locations
such as in crevices is difficult if not impossible to achieve. Concentration
factors, of different species under different conditions, from the bulk to the
crevice as high as 10* to 10° can be expected. >

To summarize the above discussion, several modes of cracking have been
experienced in U.S. steam generators and several modes can be experienced in a
given unit. The cracking modes can change with time and cracking that might
have initiated in a given region, tube support plate for example, can extend
beyond that region. The mechanisms, interactions and causative factors are
not well understood or controllable and the cracking phenomena were not
predicted a priori. Laboratory testing of the same heat of material under the
same environment and loading conditions produce crack growth rates differing
by an order of magnitude. Conditions in an operating plant are not so well
known or controlled and even higher variability in growth rates can be
expected. Thus, changes in mechanisms, growth of cracks beyond given regions
and crack growth rates cannot be reliably predicted. Therefore no assurance
can be provided for cracks found during an inspection (even if accurately
sized) that they will not reach critical size during the next operating cycle.

Recent proposals try to use a "voltage growth rate" obtained from consecutive
eddy current ISIs as a measure of crack growth rate. As discussed previously,
for the cracks and crack morphologies of interest, there is no unique
correlation between the voltage and the crack length or depth (parameters of
interest to structural integrity) therefore the voltage growth rate cannot be
used as a measure of crack growth rate.



phase angle for detection and sizing of flaws. Recently a parameter has been
emerging, the voltage (or amplitude), as a measure of tube integrity. This
parameter does not uniquely measure the Tength or depth of flaws, the critical
parameters from a structural integrity point of view. Table 1 shows data from
laboratory produced part-through-wall stress corrosion cracks. For various
crack morphologies of interest the voltage is not expected to relate to tube
integrity for the following reasons: 1) For flaws of given width and depth a
correlation exists of increasing voltage with length up to a flaw length of
approximately 0.5 inch. Longer flaws will not produce a larger voltage than
this saturation level; this saturation of voltage for approximately 0.5 inch
long flaws and longer is based on the coil design. 2) The voltage produced
can be related to the tightness of the cracks; if the cracks are tight enough,
and conductivity paths exist, low voltage response is expected whether the
cracks are short or long. Of course from a structural point of view the
larger flaws are more important and the voltage parameter would not
distinguish between them. 3) The voltage produced is insensitive to critical
crack morphologies. For example a number of short, tight cracks (deep or
through wall) axially aligned with short ligaments between them would produce
a small voltage indicative of the tight short segments of the cracking. From
a structural point of view such cracking would behave 1ike a long crack i.e.
tubes would have low pressure holding capability; under pressure the 1igaments
would join to produce critical length cracks and high leak rates. The voltage
response from such cracking would not predict the structural integrity.

Cracking Mechanisms and Growth Rate Variabilities

The discussion on crack detection and sizing reliability indicates that
important cracks can be easily missed and those that are detected cannot be
adequately sized. Even if important flaws were adequately detected and sized.
the crack growth rates, both in terms of depth and length, are required in
order to estimate the crack sizes at the end of the operating cycle, before
the next inspection, to assure that accepted cracks remain below the critical
size by a reasonable margin. Research results show that variabilities of one
order of magnitude can be easily expected in crack initiation times and growth
rates for environmentally assisted cracking even under test conditions where
samples of the same material are exposed to the same environment,
temperatures, stresses, etc. Much variation in the operating environment of
steam generators exists for the power plants in the U.S. Conditions of water
chemistries, temperatures and thermal hydraulics can differ from plant-to-
plant; geometries, crevice conditions, heat of material, temperatures, water
chemistries, stresses, etc. can vary even within the same steam generator. As
a consequence, many different types of cracks have been experienced at
different U.S. steam generators and even within the same steam generator.
Primary and secondary side cracking has been experienced. Cracks in tubes at
various locations has occurred such as in the tube sheet crevice, at top of
tube sheet, in free span zones, within the tube support plate regions, at
U-bends etc. Fatigue cracks, intergranular corrosion cracks, intergranular
attack and crevice cerrosion cracks have been experienced. Some of the
intergranular cracking is associated with stress such as at dented regions,
other intergranular cracking is not associated with any significant stress
such as at crevices in undented regions. Several forms of intergranular
attack and combinations of intergranular attack and cracking have occurred.

3




to ensure mainterance of structural integrity in cracked steam generator
tubes, cracks must not exceed certain sizes during operation and tubes with
cracks above these sizes must be removed from service. Cracks present in
tubes during a yiven incpeiiton must not reach critical sizes during uperaiion
before the next ISI. This requires that cracks must be reliably detected and
accurately sized, that the sizing errors are known and that crack growth rates
(both in depth and length) are known for the wide spectrum of conditions and
mechanisms that occur in steam generators. Furthermore, if cracks are
accepted they must be monitored durin? operation to ensure that their sizes do
not approach critical sizes which would place the tubes at risk of large leak
or rupture during 2 MSLB. The information from the monitoring must relate
directly to crack size. No single factor mentioned above by itself can assure
maintenance of structural integrity, these must be applied together. Reliable
crack detection and sizing is required along with accurate estimates of crack
growth rates and reliable leak rate/crack size correlations for monitoring
crack evolution and stability during operation. Discussions related to these
capabilities follow.

Crack Detection and Sizing Uncertainty

Some of the most extensive research conducted to evaluate flaw detection
probability (as a function of flaw size) and flaw sizing accuracy was the
inspection of the Surry generator removed from service. Figures 1-4 show the
flaw detection probability as a function of flaw size and flaw sizing accuracy
obtained from EC IS] teams. Plots for all the teams and for the best team

are shown. These data are for flaws found in the Surry generator i.e. wastage
and combinations of wastage and pitting. These flaws are considered to be
large volume flaws and easier to detect and size than small volume flaws such
as cracks. It is expected that the performance for cracks would be even less
reliable. To supplement the data from Surry, a round robin was conducted on a
18-tube bex containing laboratory produced stress corrosion cracks. Sixteen
tubes contained cracks of various lengths and depths. The depth of four
cracks ranged from 25 to 40 percent through-wall, the remaining 12 ranged from
40 percent to through wall. The lengths varied up to 1.5 inches long.
Although the total number of flaws in this test is relatively small, some
trends are evident from the results. Four organizations inspected these tubes
using several techniques a) the standard field practice techniques that met
code and regulatory guide requirements and b) alternate techniques to
represent the organization’s best efforts and techniques. Figures 5-13 show
some typical results. The probability o€ detection for these flaws ranged
from 0.2 to 0.75 and on the average was a,nroximately 0.5 for either
conventional or alternate techniques; the conventional technique used the
bobbin coil while the alternate techniques included rotating pancake coil,
array coil and an alternate bobbin coil design. Sizing accuracy was poor.

The throuch wall flaw was sometimes missed and other times reported as a
shallow flaw. Of particular interest was the poor length sizing ability even
with the alternate techniques, where flaws up to 1.5 inches long were missed
or sized at 0.2 to 0.5 inches. Note that some of these cracks are of critical
length or longer and the EC would classify them shorter than critical length.

The above discussion on flaw detection and sizing is based on techniques and
parameters in common use. Multifrequency procedures, using amplitude and



Enclosure (2)

STEAM GENERATOR TUBE INSPECTION, INTEGRITY AND PLUGGING ISSUES

The following discussion addresses issues related to operation of steam
generators with through-wall cracked (leaking) tubes. Two general areas are
discussed; 1) engineering design philosophy and the policy of defense-in-depth
and 2) technical issues related to assurance of maintaining tube integrity of
cracked steam generator tubes during reactor operation.

ineeri ~in-

General Design Criteria (GDC) of Appendix A to 10CFR50 require that the
reactor coolant pressure boundary (RCPB) have an extremely low probability of
abnormal leakage, of rapidiy propagating failure and of gross rupture.
Further, the RCPB is to be designed to permit periodic inspection and testing
to assess the structural and leak-tight integrity. Using materials that
exhibit leak-before-break behavior, maintaining leak-tightness of the RCPB and
conducting inservice inspection (ISI) to assess structural and leak-tight
integrity are important elements of defense-in-depth for maintaining safety
and are not meant to allow operation with a Teaking RCPB. The GDC indicate
and the NRC staff has interpreted that through wall cracks in the RCPB are not
acceptable. Several recent actions attest to this interpretation: 1) GOC 4
on exclusion of dynamic ¢ffects from ruptured pipes does not apply to
materials susceptible to degradation; 2) ASME and NRC rules for evaluation of
cracked stainless steel pipe do not allow operation with pipes containing
through-wall cracks even though these pipes may exhibit leak-before-break.
Pipes with cracks deeper than 75 percent through-wall must be repaired; 3) NRC
guidance for leak monitoring of RCFB allows for a small amount of unidentified
leakage, however, if leakage is from a through wall crack, the component must
be repaired; 4) NRR comments from review of a proposed revision to Regulatory
Guide 1.121 required the guide to state that through-wall flaws of any type
and identified cracks of any size are unacceptable. Since the steam generator
tubes comprise over 50 percent of the RCPC surface area and hundreds, even
thousands of tubes could be leaking with an alternate tube plugging criteria,
it is important to adhere to the policy of non-penetration of the RCPB.

TECHNICAL ISSUES

If it is decided that it is acceptable to operate a nuclear power plant with
the primary pressure boundary violated, i.e. with through-wall cracked steam
generator tubes for the situation under discussion here, then a strong
engineering case needs to be made and actions taken to assure maintenance of
structural integrity. The important parameters relating to the structural
integrity of steam generator tubes are the crack length for through-wall
cracked tubes and the crack length and depth for other cracks. Cracked tubes
can exhibit no leakage, small leakage or large leakage and burst behavior
under normal operating and accident conditions. For through-wall cracked
tubes, with axial cracks, the crack-length at which large leakage or burst
occurs (critical crack “ength) under MSLB condition is approximately one-
inch. Various combinations of crack lengths and depths for part-through-wall
flaws can lead to burst under normal operating or MSLB conditions. Therefore,
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How well do we understand the various mechanisms of cracking? What are
the causative factors and synergisms? What assurance is there that
cracking mechanisms will not change during operating cycles? Why
wouldn’t existing cra2cks grow beyond the initial! locations, i.e. outsiae
of support plates for crevice corrosion cracking? What are the crack
growth rates to be applied to estimate crack length (or depth) at the
end of operating cycle?

What reliable correlations exist between crack length and measured or :
predicted Teak rates? How do Teak rates measured inservice relate to

crack Tength considering corrosion products, fouling, residual stresses,

etc. which tend to restrict leakage? What changes in leak rates are

expected and can be measured as cracks approach criticil lengths?

In the Monte Carlo evaluations used to predict expected leak rates under
normal operating and accident conditions, how are non-detections of L
through-wall cracked tubes considered?




ATTACHMENT B

CONCERNS REGARDING THE ALTERNATE PLUGGING CRITERIA

It 10 is decided that it is acceptable to operate SGs with through-wall
cracked tubing, thereby eliminating the leak tight integrity of the Reactor
Coolant Pressure Boundary (RCPB) as a very important element in defense-in-
depth for maintaining safety, then a strong engineering case needs to be made
to assure maintenance of structural integrity during operation. To maintain
structural integrity, flaw length must remain below a critical length. Key
issues in assuring structural integrity are knowledge of:

a) the through-wall flaws present

b) the crack length and accuracy of measurement

¢) the cracking mechanism and crack growth rate

d) the crack size and progression from leak rate monitoring

Questions and comments related to these issues are as follows:

1.

What is the probability of detection (POD) for deep and through-wall
cracks as a function of crack length? Past experience and results
indicate a low POD.

What is the accuracy of length and depth sizing?

If voltage is used as a measure of tube integrity, how is voltage
related to length (and depth for deep flaws)?

- Voltage saturates as a function of length below the critical
length.

- What is the voltage response for tight cracks - even if
long?

- What voltage response and variation is expected for
effectively long cracks made up from a series of short
cracks axially aligned with small ligaments in between?

Tubes with short cracks, even if through-wall, will exhibit high burst
pressures. However, tubes with deep partially through-wail flaws (85
percent and Jreater) and through-wall flaws approximately 0.6 inches
long will exhibit burst pressures below the differential pressure
experienced during a Main Steam Line Break (MSLB).

- Again, from the voltage, what is the flaw size for these
flaws?

- In the burst pressure versus voltage correlation, were
effectively long, tight cracks (expected of producing low
voltage and Tow burst pressure) considered?

Regarding voltage versus leak rate, considering five orders of magnitude
scatter in the data and correlation factors of 0.7 to 0.8, is it
considered that a reasonable correlation exists?




Sampies
- Survey of Existing Sampies
- Review of Database of Pulled Tubes
- Development of Sample Matrix
- Specification of Fabrication
-- NDE Verifiable, Direct or Indirect Method
{Short term, October 1992)
- Pitting, Thinning, Wear, Impingement

- Requiring Metallurgical or Qualified Sizing

Technique (Longer Term, 1993)
\ - PWSCC, IGA/0QDSCC J

—

/ EPRI/ NPD
( Status of Implementation Program \
| Development

- Appendices G & H Completed 9/91, approved by
SGRP Tech. Advisory Group 11/91

- Implementation approach developed 11/91 and
efforts at the NDE Center started 12/81

~ Survey of available SG tube samples completed 1/92
- Development of IDB Is underway
~ Development of training materials is underway

~ Development of interactive software shell for PD
\prognm integration is under contract nogotlatio—n/

fese)-




oAnmtmnodindmsssvalmExmldau
acquisition/analysis techniques
- Text Matorial
- Laboratory ECT data sets
o Demonstrated Analysis Skills
- Tested on all damage mechanisms
o Thinning 0 Wear
0 IGASCC 0 impingement damage
o Piiting o PWSCC

K -{NDEC 292 l-—J
—{EFRINPO}
APPENDIX G - ANALYST QUALIFICATION \

* LY
Frameviewsr ECTAnalysis |,
Training Window Window
R stest
Score > 80%on 50
Randoméy Selected
Doeations No Retest
Yes /'L
ECT Dsta
Sets Fall Some?
Paes aii?




S.G. Performance Demonstration Schedule
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Defect Mechanism Specific Tube
Repair Limits are not new to U.S. Industry

Site specific applications sirsady sxist at some plants

B E Criterion, Some relaxation if cracks are st & specified
distance bsiow top of 1ude sheet.

Eining degradation, justifies & plugging limi of 63% sllowabie
wall loss for tubes sxperiencing pitting.

Wastage, justifies & €7% plugging repair limit for steam
generator tube thinning.

\_ o

B o B

/ Ll Defect Mechanism Specific Tube \
Repair Limits are Thoroughly Investigated
and Applled in Europe
. Wm&y depending on defect mechanism and SG

. mmwmmtwmmml)
& gumar for sefety
MQMMumnmmm
fubsshest or tube support plate.
Roduced Tech Spee ek imit
INSpact for steam generator relisbliity and tubes 8t & defect
mnmu.m&u&m’&um&u
for growth rate)
--wwmmmma

Demonstrete thet tube burst biilty is not compromised
Including degradation d»&“thm:vyu.

. PWMM.MMMMG!M

~ "o absohvte reilance on LBB.
!mal/

\
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Alternate Tube Repair Limits

INDUSTRY RESPONSE

Utilize the relationship between tube degradation
mechanism, structural integrity, remedial messures,
cperational leaksge, and in-service inspection capability to
define defect-apecific repakr critaria that maintain Reg. Guide
1.121 and ASME Section il marging.

. NRC 392

o A

Plant rational Advantages of Defect
Mechanism Specific Tube Repair
Limits for Steam Generators

Avokd prerature/ unnecesssry tube plugging
+ Optimize steam genarstor svailability
«  ALARA principle considerations
+ Mzintain flsx®ilkty for long-term repair options
« Maximizs the aveilsbie heet ransier aree

© Optimizing the cost-etfectivenass of the steam generator repair
and inspection program

o ==/




Status of Generic Defect Mechanism
Specific Tube Repair Limit Documents

© PWR Steam Generator Tube-Plugging Limits: Technical Suppon
Document tor Expansion Zone PWSCC In Aol Transitions -
ssued December 1990, deals with muRtiple axial cracks

Updated (Rev. 1) 1o includa the possibility that circumierential
cracking can occur - issued Decembar 1991,

Alternate Repakr Limits for OD SCC st TSPe. deais predominantly
with axial cracking, 1o be issued by March 18, 1992..

\_ -

DAl aRC- e .

ot N

Alternate Stean Generator Tube Repair Limits
for Certain Defect Mechanisms Focus on

True Measure of Structural Integrity

For Example:

+  Eddy current voltage based plugging criterion for OD SCC at tube
HHPOM piatas mandates sction be taken in & voltage range which
can be acourstely measured and depth is not 3 considerstion

- Vokage range |s dictated by burst pressure capability of the
tubs and lsakage considerstions with Reg. Guide 1.121 and
ASKME Section W Conservatism Incorporsted

. mmwmrmmmmmnwnmmm
deals with thet which directly influences tube burst

\_ ./

By o R}




f U.S. Utility li.dustry Takes Initiative to \

Define Generic Defect Mechanism
Specific Tube Repair Limits

« Prepare Indu reviewed and od documaents lishey
EPRI for m.','.'..':. Repslr umn:‘?g:’::cm defect n:e“r?wm.‘m'
susceptibie PWR plants

+  Document would be used with sits-specific submitial to NRC
with appropriste modifications whers needed (individual
utilities will submit shortly)

+ Thay are "living documents” being reviewed and updatsd by
industry
vt oup will In the near future formaily submit a request for
8 f:cyn."Spoe. change to allow oppkumwol dafact sp':mc
repalr criterla as reviewed and approved by NRC

- Methodclogy for deveiopment of dafect specific i
criteris pr.‘:gonw in Tech. Spec. g

« Coordinstion for document mmnm’ oad updating performed by

\ the Steam Genarstor Project ‘
A NRC 392

B it A ]

EPRLNP !
/ T Industry “Ad-Hoc" Committee for \
Alternate Repair Limits for EZ PWSCC
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Alternate Repair Limit for Tube Support

Intersections Iincurring Predominantly
Axial OD Stress Corrosion Cracking (ODSCC)

Tube Repak Limit

Tubes with bobbin coll indications sxcesding 4.5 voitg
will be repaired

SLE Leakage Criterion

Predictad SLB leak rates from tubes left in service must
be less than 55 gpm for sach S/G, includ
considerations for NDE uncertsinties and

growth rates
Elther a deterministic or probabilistic leak rste
analysis may be performed
K NRC 132
DABRC VEP e 18 O ——

o= 2

Alternate Repair Limit for Tube Support
intersections Incurring Predominantly
Axial OD Stress Corrosion Cracking (com,)

inspaction Reguirements

. AiMWoﬁlhwﬂm:ﬁolummmau

hot leg TSP intersections snd all cold leg intersactions
nﬁmm»nhn‘vﬁxn&wm

+ Ali tubss with bobbin coll indications »1.5 voRs st TSP

Intarsections shail be inspected using RPC The
RPC results shail be evaiuated to suppon Omo the
dominant degradation mechanism.




EPRUNP I \

Tube Burst Test Results

2 Vear P aocion ceengl
L Poagnn wena
L \\ ".» JEE 2w L

’ Alternate Rr:P‘" Limit for Tube Su fon lntcmcﬂona\
ng

Incu Predominantly Axial OD Stress
Corrosion Cracking

£ ]
e g
Te
B i .
e
Sigrei e Frggirg Lamae

“% vaitn

Vgt p—————
"R e m e W o om oW m
IFEICETC Degtr @ Tres grewall)
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EPRUNP ™

EZ-PWSCC Axial Crack Configurations Acce tabhh
Continued Service per the Guidance in this ument

OIS dad TR R La ) gty the
} a1a PR g s wrss (R o el e (e
’ Wl abie Tach demgin g

f 7 Wltphe avial (TACKS wiih ~PACIRE DetweeR
JorrEn AL St TR GRUaRTY (han oo rgual &
{ mm bl s sl mme angd #sial lengin
- SRRl L TURE SN TEIN DO PR PP LT R 2
0 - e L1
Multupie sxial Tahd wuh MCAK Dt own
\ J Laer2a Admcent auial tacks v thas 10 mm

o Uam e LU mm g and aial lgngeh eee

han of suual o | DA athow sbie cTack
\ eNgIn facl LAY
HAC 192

CASC AN e

EPRUNP \
f EZ-PWSCC Axiei Crack Configurations That Should be Repsired

Per The Guidance in This document

Tredominstely sl (TACRS (B | whare
i (he anial enEth @ preau (han Ihe
» Il A LTk IOREIN 4t A

Muliipie anel cracks wah spacing
\ x”le Tl et AMCPN Anial CTACRS el than
. Al dam ) toae 10 M) and sl
. @ engin greater than 1/] the sllowatie
-0 rach lengih tas | TA)

e ./

RS T ]




Alternate Repair Limit for Tube Support

intersactions Incurring Predominantly
Axial OD Stress Corrosion Cracking (cont)

Operating Leakage Limits

+  Piant shutdown will be implemented If normal operating
lsakage exceeds 150 gpd per S/'G

Exclusions from Tube Repalk Limht

« Tubes with RPC Indications not sttributable to ODSCC
and clrcumferential Indications shail be evaiuated for tube
repair based on 8 40% depth limiL

\_ T

DABIC B 1T

Altarnste Tube ir Limits Established for
Expansion Zone Primary Water Stess Corrosion Cracking
&1 Roil Transitions (EZ PWSCC)

EPRI Repory NP-8984-L, Rev. 1 (December 1891)
mwwnmm(mm,
Based on published tube bure! date
Axisd oracks onty
- PRepsir ¥ chrownhrontial crack ls Indicated
- Reswict spacing betwoen sdjscent exial cracks
+ Enhenced inepecton
« 100% retating pancals coll (RPC) in sMected sreas
- Allowanos for RPC uncerainty
« Allowsnee for erack growth betwesn [nspections
«  Reduced w0 lesk rete it (0.1 w0 enance
ot arar-t e A "

¢+ Limit number of cracked tubes In service o imi lsekage lor postuisied
[ ]

Developed tor huil-depth roll trensitions
« Correction for wbeshee! constraint

© Applicable, but over<onservative, lor partisl depth roll ransitions
«  Application of NRC Reg. Guide 1.121 sslety taciors
NAC V2

Bt o NI
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«  Initiate work
{Septamber

IGA wit]

¥

\

Future Actions

« Complste 34 Inch tube testing and deta report (June 1992)
+  Only ¥4 Inch data
- Combined 34 and 7/8 inch dsta
* Compiete 3/4 inch generic support document (June 1992)
HNot yei pianned

f:r’ ;;mu mechanism-spacific degradation forms
1
. 3>me SCC

- Cracking st dentsd interssections
«  Froe span cracking (e.g., In siudge plie)

NEC Ye2

DAL MR T
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Program Objectives

= Establish an indu Y-wide data analyst and | -
g training and quali..ation program to ensure a !

! current knowledge base and demonstrated skiil

 level ;

|~ Establish NDE system performance e.g. , g'
| procedure (technique), instrumentation, ang ]
|
|
(.,

demonstration methodology - for all damage
mechanisms

o vt j

individual analyst - using a performance /

EPRI/ NPD

g )
| Development of Capability To implement

SG ECT Performance Demonstration |
Appendices G & H

= The industry is developing source materials and
impiementation protocol through EPRI at the EPRI
NDE Center.

- This Capability (source materials ) will be
transportable and intended for program
implementation by utilities or other third party
providers of qualification services.




Status of Industry SG Inspection
Performance Demonstration Program

Mohamad Behravesh

Steam Generator Reliability Project
Annual Meeting With The NRC
NRC Offices, Rockville, Maryland
March 10, 1992

1 EPRI/ NPDr ﬁ\\

| Background

|

. = The industry program for SG NDE Personnel
Qualification and Perfurmance Demonstration was |
last presented to the NRC on October 1, 1991 |

~ The program was developed by an industry group
representing utilities, NSSS, and ISI vendors and it
is described in two Appendices to the SG IS!
Guidelines;

~ Appendix G, Personnel Quaiification '
~ Appendix H, Performance Demonstration J

\ @_/
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EPRI/ NPD

Implementation Task Groups Membership

J. Benson, NEU G. Boyer, FP&L

B. Curtis, ANA H. Houserman, Zetec
| R.Ingraham, W D. Malinowski, W
. R. Mariow, CONAM R. Maurer, ABB CE
. D.Mayes, Duke S. Redner, NSP

T Richards, B&W K. Wachter, RG&E

Chuck Welty, EPRI

Gary Henry, EPRINDE Center
Steve Brown, EPRI Consuitant
Ooug Harnis, EPRI Consultant

| Mohamad Behravesh, EPRI Project Manager

L

e £

o Centrakzed Dsts Base
- Purposs @ 0 provide uniform training and examination source
matenal for employer implemented dsta analyst qualificstion
and technique gqualification using protocols established in
Appendices G & M.
0 108 intisiized using EPRI deveioped source matenal with continued
updates e.g., IDB maintenance, on a yearty basis
0 User Responsibilities
- Implementation (training & qualification)
- Certification
- Record keeping (non-centralized)

3 =




- EPRI/ NPD '-—-—- ——

SG Eddy Current Inspection
Performance Demonstration

\‘\

~TRANNG ™

L)

{

/-. EPRI/ NPOF —

Utility Oversight and Technical
Input / Review

- QOverall guidance and oversight provided by

SGRP Technical Advisory Group's Subcommittee
Chairmen

~ Technical input and review are given by individual

industry experts through participation in various
Task Groups and contracted etforts




\
interinii System

- Computer -Based Analysis
- Manual Training (Book)
- Design and Operating Experiences
(CE, W, & B&W)
-~ Acquisition & Analysis Techniques
(CE, W, & Baw)
- Pulled Tube Experiences

rzm

Sheli Software

Eunctions
o Intsgration

- Text matoried

- Written questions

- ECT data sets
0 Usar Friendly

- Menu driven system access
0 Security

-mwummwm
examination data sets

\- ./
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Industry Data Base

o System built around Zetec HP/UX
Eddynat system with optical 5 A
networking & storage |

o EPRI Prepared Source Material
- Descriptive test for training
- Written Questions
- ECT data sets for training & Opticai Disk
qualification

\ @_/

gy “d
Overview of Appendix G Implementation \
Goal: |
To Be In Place By October 1992 |
Approach for Industry Database (1DB):
Interactive Computer-Based Training System
(HP &/or IMB) Fully Integrated by 1993
- Training Data Sets: CE, W, & BaW
- Qualification Data Sets: CE, W, & BAW
- Retest Data Sets: CE, W, & B&AW

b -

e
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Alternate Steam Generator
Tube Repair Limits

An Industry initiative

Devid A Steininger
Technical Advisor

Steam Generstor Project Offics
Elsctric Power Resssrch instiiute

. ==/

DA e

f Steam Generator Tubes are Experiencing \

Multipie Defect Mechanisms
Primary water stress corrosion crack! 9.g., within the tubasheet
region, (3., EL PWSCC), axisl and clrc:" il
Secondary side stress corrosion cracking (ODSCC), axis! and
chourrd srontial
- :lmmphu intersections, and
tubo shast reglon

. Wmmxavommwnmumm.m

Fratting and wear
+ Secondary side westage
«  Denting
« Fatigue

==/
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/ U.S. Plugging Practice To Date

In General Consists Of:
Plug @ »40% thru wall degradation (Le., depth) ss indicated by eddy
current using "bobbin coil™ phase relationship

Originatad during the days of steam genersior "tubs wastage” as
the tube defect mechanism

Plug all "crack-like” indications as indicatad by RPC Interrogation

BC inapection “riggered” by & bobbin coll distorted phase
signal

No specisl mandated Inspection technique other than bobbin coll

& 3% sampie plsn is indicsted

\M change in "Tech Spec” ek limi
— NRC 33 V
- e ) .

A EPFINP }

MI.JH}'P;Q Defect Mechanisms Have \
t

Resulted In NDE "False Calls” and

Excessive Tube Repair

PROBLEM:

For some tube degradation on mechaniams (e.g., short, axisl
780 corrosion cracks, 1GA), the 40% repale o ferion
chalisngse current MDE tsc hnclogy. Moreover, tube burse
teats inc © ete thet, for thess forms of tubing degradation,
integrity ¢ arging are maintained will heyond the 40% thru-wall
limlt

Can lead to extended inspection campaigne and 1o tubes being
removed from service unnecessarily (e.g., recent sxperience of
Portland Genersi Electric st thelr Trojan piant)
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Results

Alternate Tubing Ailoy Comparison \
- Update -

< Almost « 100 references have besn identified. Most references
dealt with SCC testing in 10-50% caustic, pure/primary or AVY
water, and pltting snvironments.

< »110of the references had comparative results for siloy 680 TT
vs. B00 mod. for 12 of the 19 corrosion lasues.

»18 of the references had comparstive results for 690 MA or TT
va 800 MA or Nod. for 15 of the 19 corrosion issues.

Corrosion issues of pitting In chiorides and wastage in
sulphates previously thought 1o be unsupported by data were
found 1o have some references.

NRC-3%2
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EPRUNPD "
Pianned Secondary Chemistry Guideiines Revision )

. Lnbormry work and flaid sxperience warrants another revision

+ ltams to consider Include:
© Use of sdvanced/altarnats amines for iron minimizstion
+ Anlon-to-cation ratio as s crevice pH indicator
- Use of plant chemistry modeling 10 deveiop she-specific limits
+ Oxygen va. ECP of feadwater
- Other monhoring improvements
- Elsvatad hydrazine operstion
- Optimization of hideout return processes

- Sodium phosphate chemistry restment possible AVT - phosphate
conversion

+ Modifications 10 boric scid trestment practice

Kom shouid be svallsbie by 193

P n——_— NRC.3%2



T-4 a- 667"8!99'0
Cravice pH

\o

m Crevice pH vs Number of Outages \
(Cumuiative Prompt Hideout Return)

10

NRC-3%2

Boric Acid lmborstory work is finished
- Floid effoctiveness Is & mater of major concern
Thankm studies have paseed the screen
inhikion of , Bng are now testad for

+ Other Inhiblors: are will undergoing screening tests

- Wodes of Application Being Considersd

- Off-line soaking with mors concentrated soiutions
- On-line additions

- Colioids! dispersions

3

EPRINPD \
’ Status of Alternate inhibitor Work for OD IGA/SCC

mwmﬁlMyuummmv“umm

tosts for




EPRUNPD \

First Model Boller Test of Titania-Silica Gel Compound

25 day test, cayUaLS with thania-siiica inhibitor
-+ white deposits in ssch crevice end In siudge
+ distribution and composition of cravics deposits

Weight % Top 13 Middie Bottom 173
n 068 0.38 0.29
5102 12 28 32
Ne 0.18 0.84 0.18
< Thania has sufficlent solubiiity 1o penetrate packed or sccontric
crevices.
+ R degradation observed on tube surface

s

EPRUNPD \

Alternate Tubing Alloy Comparison
- Updale -

Approsch
Reviewrecord all parsonal end EPRY references

anuw.mummm
documesntation

Creats new corrosion issus cstegories on table N required

Assign iNersture reference numbers 10 sach of 19 corrosion
|ssuss/slioy categores

Conmmmhubmbuhmmomn
references, and then attempt ocvjective ranking of slioys

s

NRC-3%2
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CREV-SIM & MULTEQ Cycle Chemistry \

PROGRAM OBJECTIVE:

. Dovololr;\n approach for making reai-time cravice chemistry
predictions from routinely measured blowdown chemistry
parsmeters, leading 10 improved prediction of corrosion mode and
sr.ovldhg the basis for correlating blowdown chemistry 10 corrosion

mage.

TECHNICAL APPROACH
+  Assume crevice hideout la controlied by local bolling rete In crevices

+ Total crevice hideout rate Is known from racer Injection tests and Is
proportionsi 10 blowdown concentretion.

+  Distribute total hideout 1o crevices basad on available superhest
+ Integrate crevice inveniory cver time

+ Calculste and trend locsl pH using MULTEQ
chncl nputs based on observed hideout return

NRC-392

o N

BLOWDOWN
CHEMISTRY
\
PLANT CREV-SIM
DESIGN k. ) . MULTEQ
PARAMETERS
t
CREVICE
CHEMISTRY
PREDICTIONS

e
;




TEPRUNPD -
Alternate Amines for AVT \

Programn Objective

+ To reduce kon ransport and srosion corrosion in single snd
two-phase fiow

« To provide aborstory and loop test data showing the beneficis! and
side sflects of advanced AVT using iow-volatiity amines

Results Achoved

Morphotine-AVT In wide spread use. Mas reduced ron ransporn by 2-3
times in U.S. PWR's

Flvs oop tested amines appear 10 be acceptable substitutes for
Emimonia of marphoiine

Ethanolaming best of the five svailsble commaercially

© 1,2 dlamino ethiane best for copper-ree cycies - but tends 1o strip
sodium from condensets polishers

Statue
w&d fleld triais expocted iate 1092 or 1993
] - st NRC-392

Ea = = 4

LD \
.
( S

Aming Mol W PPM @ 9.1 Steam/liq % Decomp
Ratic n icop @ 288°Cw

ummary of Amine Properties from Loop Tests

ETA #1 2 2.38 -2
DAE L 08 ~0.41 ~ 30
AP ¥ ~-12 &0
R o) 17 2.4 0.2 -7
bRk oe 1.2 1.8 4
MORPH 1 52 ~12 -9
NH3 17 08 ~3.5 o

393
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EPRINPD \
Boric Acid Effectiveness

Boric acid continues 10 be recommended 1o mitigate secondary side
caustic induced IGSCC ang genting

In order 1o maximize boric acid etfectivensss 1o minimize and
lower $G corrosion potential are still rmn:m

- Elovete feodwater hydrazine 1o 50-100 ppb I possidie

< Physically remove all copper components and chemically ciman
residusl copper from secondary system

- FRalse feachorater pM as high as practical 1o minimtze traneport of
hematits and magnetiis

+ Tube's should be removed from the $G's to reguisrly sgseas tube
bundie condition.
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PWR Steam Generators
Secondary Side Chemistry, Corrosion
& Materials Issues

J P N Psine
A R Mcliree
T. O. Passell
C.R. Wood
P. J. Millett

EPRI-NRC Meeting

\ March 10, 1992
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Secondary Side Topics

- Baorke Acid Effectiveness - survey resuits

«  Allemate aming restment update

- CREV-SIM and MULTEQ Experience

- Status of work on Aternats inhibitors

- Allarnsts tubing slioy etudies

- Planned secondary chemistry guidelines revision
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SECONDARY SIDE CHEMISTRY ISSUES

IGA/SCC Inhibitor Testing
* Inhibltors testing is foliowing EPRI and U.S. lsad,
«  Boric scid and sodium phosphate being tested.
Modsl bollers are being readied for use in Sweden and Spain

*  Side stream modei boller st Ohl {Kansal) is provid chemistry
d:?.lha has been used 1o validate high umm:?eom
codes.
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SUMMARY

EPRI's an-going worid-wide Information sxchanges
provide considerabie insight imo $G PWR operations.
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SECONDARY SIDE CHEMISTRY ISSUES \

Elecirochemicai Potential Monitoring

* Test programs in Germany, Sweden and Finiand.

+ PWR Powaer plant instalistions st Bibils, Ringhals, Loviss, and st
many BWR's.

Concsions:
Probe iife about one cycle.

Valuable insights Into oxidizing transients. Can be much mors
sttective than O monitors.

- ECP measw ements suggest nesd for higher
hydrazine operstion.

vTY combines ECP, pH and high emperature
conductiviy, "
EPRI-Utliity tests sre planned for iate 1992,
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SECONDARY SIDE CHEMISTRY ISSUES

High Myarazine Weter Chemistry

+ KWU recommends 70 - 100 ppb Hydrazine in biowdown based on
fieid end laborstory ECP measuremants.

R B L s e
In tsadwater reapactively.
+  Abmars: oparutes with sbout 100 ppb hydrazing in fesdwater.

I Units: 400-500 ppb hydrazine in feadwster st Ohi
Tekaham, Genkal siies,

. MNermmmh azine-high smmonis 1o
protect sgainst eroslon corro . Much simpler than aminss
chemistry and claimed as etfective.
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AVE WEAR/Fatigue

* Not a serious probiem in Europe, but has led to AVE replacement in
Baiglum and plans for repiacement in one Spanish unit.

+  EDF has measured aversgs wear growth rates of 2% of wall Per yaas.
In one tWbe growth rate was messured 8t 14%.

. AVlmumbuummmemumu Afler Mihams 2
event il units have had or will shortly have AVB's replaced with @
new MH-Wastinghouse design.

Tubommnbpimyuuulumnllmz

+ Tube fet I8 & major concem for Ontario Hydro et the Candu
Cualg‘:n. Fmgaungrwmwnlmethm

$.G.s. Reason not undersiood.
Ao M/

OCCURRENCE OF AND REMEDIAL MEASURES FOR:

DENTING
. Mmbmmmtnmml Japaness, Koreen, Beigian ang
. noaoomunmmmmmmmmmm

« PWBLCIn 600 TT in dented tubes has been cbesrved In new
Mhlﬂmm
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IGA/SCC at TSP's, in SLUDGE PILES, on FREE SPAN TUBES (CONT)

+  Remedial sctions:

in Japan, Spain and Sweden: Use of boric scid, Increased
hydrazine leveis and modifications to chemistry controd
systems. EMectiveness not apparent in some cases

cmemumwummwmmbuu
Effectivensss not apparent in some cases.

in France: hier blowdown limits on sodium, more officient
mnhgg. Full height chemical cloaning and use of boric

scid sre being ev
In Belglum: Tighter limits on €88 snd periodic
uudg? lmchc.“ Chemical clean ﬂw.l
250 and of Dosl 4 planned. Use of sodium is baing
consicersd.

- Japanese still bellevs thet SG's with 10 sodium
phosphate are much less susceptibie o

.}.\ M/
/m 00 CIRCUMFERENTIAL SCC \

Affecting two units in um, thres units in Spsin and
nvnrummm n Fm:“g

Normqmm In the roli ransition but sise in the free span
#t Dosi
+ May limit 3G e In some units.

18 Activities In Europe:

. uunm-mwmm:pm m::-mu
frequant inspactions. ance BONS Mmode
mmmmszamwnmd orential mode
bobbin coll or RPC.

© Alemates plugging criterls are in place, based of correlations
m-bumumavomnnmwuwm
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f IGA/SCC at TSP's, in Sludge Piles, on Free Span Tubes \

+  Growing problem at many units in Spain, France, Beiglum, Sweden
&nd Japan.

Aftecting 17 of 20 French units with LTMA tubing and dritied hole

BUppOns.
Al supports: cmbrmbbmomybrﬁmwhdom
Replacemants:
* Primary cause of pianned Genkal 1, Ohl 1 & Takahama 2
répiacemants.

Primary cause of St Laurant B1 possible replacement
Primary cause of Tihange 1 posaible replacsment.
Significant cause In Almaraz 1 & 2 and Asco 1 & 2 planned
reglacements.

Significant cause in Ringhals 3 possible replacement,

o L*"E»/
r IGA/SCC at TEP'a, In Studge Plies, on Free Span Tubes \

ISi Activities In Europe:

«  Ertensive 8, N0 saf loms &t su Revised
] mmwmmm“mndm.
1 bobbin coll voltage in Sweden.

mm-mmmmmmulﬂhulMMMm
VORAGSS and pulled tube bursi strength. Take credk for TSP,

Cw.dmwmmumbmydm

anmna.unnmmmnm
casen, mm«:mmuuhnﬂmhtbhw
yoars examinstion.

- wmm«mmw«
. uooaqmmmnmmwmubm

in Spain, tubs sxaminations have shown svidence lor acid or
alicali st differsnt units,

© Japanese sssuma caustic for inftistion In sl cases.
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PWSCC at roll ransitions (cont.) \

Remedisi Actions:

- Roto and shot peening performed after initial start up is belleved 1o
hav:::wod QCCuUrrenca with allay 800 LTMA but not 1o have
hatt

- Due to cracking with kise rolied alioy 800 TT tubing, EDF Is shot
fmhg thek newer SGa 4 -

hot Reduction #t Ringhais 3. Growth rete reduced. Detection rate
epparently not sffected.

- For part-depth roi! units: Jepaness hydraulic + roll re-expansion
and shot pesnad has been successful (several cycies)

- For ~depth roil units: At Doel 2, re-expansion foliowed
md‘:a‘n plating on ID have been satistactory 100 dats. (one c:c'lo)

- Nicke! plating appears succassful to prevent Inftiation and growth,
(saveral cycies)

. Sluvh&‘l: ssidom used in Ewo::: expansive, interferes with
Inapections, can't repakr above the sieeve. In Japen slooving is
common at saversl elevetions in sach slesved tube.

\-mnu relisf heat restment of u-bends appesrs successful 1o date.

h. ez,
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PWSCC of hot worked alicy 600

+ PWSCC of hot worksd alicy 600 has occurred in
- Mechanial tube phigs
=  Prossurizer nozzies
=~ Control rod drive mechanisms
+ Studies are being inkisted 10 sxpiors crack growth rates,
- Rark susceptiblity of diftersnt heasts
« Finlte sloment analysis (CRDM cases)
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SECONDARY SIDE CHEMISTRY ISSUES

Alternate alioys tests
Electrochemical potentiai monttoring
High hydrazing water chemistry

+ IGA/SCC inhibior testing

b2 e/
R B

Mzjor prodlem st many units in France, Beigum, Sweden and Jepan
Espacially a prodiam for plants with kiss rolie.

- Smummm-uhmﬂmomuunmm
Tansitions cracked through wail

Repiacoments:

~ Primary causs of Damplerre 1 replacement.

- m”doou:mlmylmm

= Major cause of Ringhais 3 possibie replacement.

- 8 causs In Almaraz 1 & 2 end Asco 1 & 2
gnificant planned

51 Activities in Europs:
- Erteneive RPC inspections, no ssfety problems,
umu:u' Plugging criteria. (g
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Recent Steam Generator Experience K
Europe - Canada - Asia

Year End: 1891

bl
NRC - EPRI Status Meeting

March 10, 1992
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o )

SUBJECTS COVERED

OCCURRENCE OF AND REMEDIAL MEASURES FOR:

PWBCC et roli transitions
« PWSCC of hot worked alioy 800
+ IGASCC 8t TSP's, In siudge plies, on fres span tubes

+  Clreumterential SCC

© AVE waar/Fatigue
Dertting
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Major Tasks and Key Contacts

E2 B Contast Task Dawcrioting WUy Comas

R Jones (415-848-2700) w::“m :.l. ww o
P Puing (412-365-2078) Matorisie end Compmion K. Cruig (437 684.4208)

C. Wood (£15-858-2379) Cycie Chomistry B Esher (T04-373437Y)

Q. Selbardioh (475-865.21080  Therme-Hydraulica R Poarson (312-388-1121)
snd Vidr sthon -

W Botvaveah (015855-2388)  Insarvice Ingpection o Smith (T16-54-2700)

U. Stebninger (415-855-2018)  Assawement, Repeir P Bavw (19546 7704)
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Assessment

Based on current plugging rates, the Eversge sarvics life
of original equipment steam genarators in PWRe
worlidwide s projected 10 be 20 to 28 yesrs. The average
Qe of the original squipment units in .S, plants is now
<13 ysars

~ Most original equipment steam generators will have o
be replaced within the plant Iife. Many U.S. units wil
have 1o be replaced within the next 10 to 15 years.

Nk e
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Planned R&D Response

« To minimize future industry costs, additions! B&D Is planned aimed
a1 the development and deiivery of lechnoiogy 10
+ Further extend the itfs and increase the reliability of originei
SQUIDMant steam goanerziors

Reducs the duration of repiscement outsges and the
sssociated rsdigtion sxposures

< Assure that replacement units can meet utiiities’ Ife and

retiablilty gosis
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Percentage of Steam Generator Tubes
Plugged Due to Denting in U.S. PWRs

Percentage of Steam Generator Tubes
Plugged Due to Denting in U.S. PWRs
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Steam Generator Experience Trends

Aversge capschty factor losses have decreased from 3%
(1979-1984) 10 2.5% (1985 1990) and ihe Eversge age of units that
heve had 1o be replaced has Increased from 10.4 years
(replscemants thru' 1884) 1o 13.4 yesrs (replacements since 1988)

Sieam generator tube plugging rates have remained steady for
savers! ysars but the dominant degradation mechenisms have
continuad to change

= Some problems (s.g., denting, have been solved but other
problems (e.g., stress corrosion cracking st tube Bpport plate
Intersections) have emerged and ere rapidly Increasing in
importance.

N
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Percentage of Steam Generator \
Tubes Plugged in U.S. PWRs
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SGRP Scope
[~ Salaa oo Tapacaman
e ()
1 Dafire Covmes 'm:'vt-“ 1 Devwiop Long Range
i m‘:“- mnu & RepwirRopiace
:E&M‘ .M-WW'. 2 Derewiop Wnproved
:uu -u-.n.. ‘ b Configurstion
1 henens Cormsmnces | Flegiacemens, Fepulr
Aativiion
& Time
b Rbarecom

SGRP Performance Measures

© Number of tubes plugged/yess

¢« Number of tube lesk outsges/yesar

« 54 reigted capacity loss/yesr

« Mumbaer of tube ruptures/yesr

«  S5Q sge 2t replacement

+  Repiscemont outage durstion and radistion exposure
+  Service Iife of replacement genersiors

S e




Summary of SGRP
Scope and Plans

R L Jones

N e
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* Reduce lost capacity due 1o steam generators
+ Reduce repair and maintenance effors
* Reduce radiation exposure

* Maximize steam generator operational safety

+ Extend steam generator life
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Ltility

CEGB
CRIEPI
EdF
Electronucieaire
Ontario Hydro
Spanish Utilities
Swedish State Power Board

N T

SGRP-NRC MEETINGS

« Annual Meetings on Program Status (5/13/91)
« Special Topical Meetings

- ISl Performance Demonstration (10/1/91)
- Tube Repair Criteria - ACRS (11/6/91)
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U.S. Utility Participants
in SGRP

All EPRI - member PWR Owners (33)
- Current EPRI non-members sre:

« Amencan Electric Power

« Consumers Power

« Southern California Edison
« Virginia Power

omaet
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Grant Bason Northeast Uilities

R P McDonakd (Charman) Alabama Power

Stave Rosen Houstor Lighting & Power

Donald Schnel Unon Electre Company

Robert Smath (Vice Charman) Rochester Gas & Electre

Ban Withers Woll Creek Nuciear Operating Comp.
James Zach Wisconsin Elecine Power

\

Executive Group

N
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Year

1987

Budget

steam Generator Reliability Project

Budget $ Millions

4.4

Stearn Generstor Pellabiity Project
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Steam Generator Reliability Project

Introduction

R. P. McDonaid

S e
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EPRI Managed
Steam Generator Programs

SGOGI SGOGHE EPRI EFR EPRI
Pertod TR 8388 TTB6 '7-92 99
4D EMont (SM) kL 26 n W 43
Utilfty Mombers 24 48 kL] ks 33

“To be mpproved
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Steam Generator Reliability Project
Annual Meeting with NRC
NRC Offices
Oue White Fiint North
11555 Rockville Pike, Rockville, Maryland

March 10, 1992

AGENDA

1:.00 PM Introductory Remarks R.P. McDonald /NRC

1:10 Summary of SGRP Scope and Plans RL. Jones

1:20 Overview of NRC Plans for SG-Related Work NRC

1:30 Secondary Chemistry Modeling and JP.N. Paine
Improvement

2:00 Status of Generic Damage-Form Specific D.A. Steininger
Alternate Tube Repair Criteria Documents

2:30 Comments on Generic Alternate Tube Repair NRC
Criteria

2:50 Status of Industry SG Inspection Performance M.M. Behravesh
Demonstration Program

3:20 Comments on Industry Program and Status of NRC
SG Mockup and IST Reg. Guide

3:50 Closing Remarks RP. McDonald/NRC

4:00 Adjourn-



