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Lawrence F. Wornack
Vice President
Nuclear Technical Services

Oiabfo Canyon Power Plant
PO. Box 56
Avila Beach, CA 93424

605.545.6000

PG&E Letter DCL-99-054

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555- 0001.

Docket No. 50-275, OL-DPR-80
Docket No. 50-323, OL-DPR-82
Diablo Canyon Units 1 and 2
Res onseto NRC uestions Re ardin WCAP-14707

Dear Commissioners and Staff:

On October 4, 1996, PG&E submitted WCAP-14707 (proprietary) and WCAP-14708
(nonproprietary), "Model 51 Steam Generator Limited Tube Support Plate
Displacement Analysis for Dented or Packed Tube to Tube Support Plate Crevices,"
in DCL 96-206. These WCAPs evaluate the impact of corrosion product
accumulation in the tube to tube support plate (TSP) intersections in Diablo Canyon
Power Plant (DCPP) Model 51 Steam Generators. This accumulation'of corrosion
products effectively locks the tubes to the TSPs. PG&E plans to apply the
conclusions of WCAP-14707 to a future alternate repair criteria for primary water
stress corrosion cracking at dented TSP intersections.

PG&E provided responses to NRC questions regarding WCAP-14707 in letters
DCL-98-025, "Response to NRC Request for Additional Information WCAP-14707
and 14708," dated February 23, 1998, and DCL-98-164, "Response to NRC Second
Request for Additional Information - Review of WCAP-14707, 'Model 51 Steam
Generator Limited Tube Support Plate Displacement Analysis for Dented or Packed
Tube to Tube Support Plate Crevices,'" dated November 24, 1998. On March 3,
1999, the NRC provided additional questions regarding DCL-98-164. The questions
and answers discussed are provided in Attachment A of this letter.

Attachment B of this letter is an update to PG&E's response to NRC Question 4 in
DCL-98-164, regarding recent tube pull force measurement data from DCPP Unit 1

(obtained during the Unit 1 9~ refueling outage) and from laboratory corrosion
specimens as discussed with NRC on March 16, 1999.

«r r> "tA
csl904220267 99'04i3
PDR ADQCK 05000275
P PDR ~

Oo)



L
~l

,l

t g

'I,r



Document Control Desk
april 13, 1999
Page 2

PG8 E Letter DCL-99-054

Sincerely,

Lawrence F. Womack

cc: Edgar Bailey, DHS
Steven D. Bloom
Ellis W. Merschoff
David L. Proulx
Diablo Distribution
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Responses to NRC Questions Regarding WCAP 14707

NRC Question 1:

The licensee stated that a tube pulled from plant Z-2 was dented at the 5th tube
support plate (TSP). What was the size of the dent?

I

PG8E Res onse:

Plant Z-2 tube R21C71 had a 2.0 volt dent at intersection 05H.

NRC Question 2:

What model steam generators (SG) were the Dampierre and Ringhals (SGsJ?

PG8E Res onse:

Dampierre-1 uses Westinghouse Model 51 Steam Generators (SGs) built in France.
Ringhals-3 uses Westinghouse Model D3 SGs built in the United States.

NRC Question 3:

The licensee stated none of the Dampierre or Ringhals pulled tubes were dented.
What is the definition ofdented?

PG8E Res onse:

Denting is defined to be an identifiable bobbin dent signal and an indication of tube
deformation from corrosion denting as identified in the destructive exam.

NRC Question 4

There are two leak rate tests on Dampierre tubes with 47-mil drilled throughwall
holes. What type of specimens are these? They are labeled simply A-1 and B-1.
Are they also pulled tubeslTSPs? Where are they from the generators?

PG8E Res onse:

Based on the data in WCAP-14707, Reference 2, Annex 3, the specimens A-1 and
B-1 are tube/tube support plate (TSP) sections removed from the first support plate
of Dampierre-1. The leak tests were performed in the as-received condition.

NRC Question 5:

Provide a comparison between a 20 mil throughwall hole and the length of
throughwall pnmary water stress crack corrosion (PWSCC) in terms of leakage. In
other words, what length would a throughwall PWSCC crack have to be to obtain
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about 0.4 gallons per minute (gpm) (0.4 gpm is the freespan leakage the licensee
estimated fora 20 mil hole)?

PGBE Res onse:

Based on calculations using the CRACKFLO code, a leak rate of about 0.4 gpm
would occur at steam line break (SLB) conditions (2560 psi) for a freespan
throughwall crack length of approximately 0.4 inch. WCAP 14707 and 14708 state
that the estimated freespan leak rate for a 20 mil hole at a differential pressure of
2500 psi [approximately SLB conditions] would be about 0.4 gpm.
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Model 51 SG Tube to TSP Breakaway Force Database Update

1.0 Introduction

This letter provides an update to the Model 51 SG tube to tube support plate (TSP)
breakaway force database provided to the NRC in the request for additional
information (RAI) response of Reference 1. The updated database in Table 2
includes one additional data point from a Diablo Canyon Power Plant (DCPP) Unit 1

dented tube pulled in February 1999 and two additional data points from corrosion
dented laboratory specimens. The pulled tube breakaway force was obtained for a
single TSP intersection with the tube cut above the top of the tubesheet and the
tubesheet bored to eliminate any contribution from drag in the tubesheet hole.

Section 2 describes the pull force testing performed on all eight of the corrosion
dented specimens and provides the results of these tests. Section 3 updates the
Reference 1 NRC response and the associated breakaway force data table to
include the additional dented specimen test results.

2.0 Pull Force Testing of Corrosion Dented Specimens

Eight corrosion dented specimens were tested to determine breakaway loads of the
dented intersections. The samples were tested with bobbin, +Point and Ghent
probes prior to pull force testing, and were determined to contain no tube
degradation. All samples were pulled at a displacement rate of 0.1 inch/second
using a 200,000 Ib capacity tensile testing machine. TSP displacement relative to

, the tube was measured using a.deflectometer, a precision device which is used for
such testing applications. One end of the tube was attached to the movable .

crosshead of the tensile machine. A test fixture was used to restrain the TSP collar.
This fixture is a rigid structure which is then secured to the stationary base of the
machine. The upper and lower plates of the test fixture use 1 inch thick steel plates.
Two 1 inch diameter threaded rods are used to connect the upper and lower plates
of the test fixture. Immediately above the plate, a steel angle bracket is secured to
the tube. The distance between the TSP collar and angle bracket is approximately
2 inch. The deflectometer is mounted to the stationary base of the machine with the
sensing arm resting against the bottom of the steel angle bracket which is attached
to the tube. The deflectometer then measures the relative motion between the tube
immediately above the upper fixture plate and the stationary base of the testing
machine. Use of the deflectometer in this mode isolates the motion of the tube
relative to the TSP collar. Elasticity in the machine and attachment between the
tube and machine are isolated, and therefore do not influence test results. The only
system error which influences the deflectometer reading is elongation of the 2 inch
tube length between the angle bracket attached to the tube and the TSP collar. At a
2000 Ib load, the elongation of the 2 inch tube length is approximately 0.001 inch.
At a 2000 Ib load, the elongation of the threaded rods is less than 0.0005 inch.
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Four samples were tested at room temperature conditions and four samples were
tested at elevated (550'F) temperature. The samples tested at room temperature
had experienced ligament cracking in the TSP collar due to a suspected combined
condition of high stress due to the denting process and chemistry. The ligament
cracking in these samples was visually apparent. These samples had a secondary
collar placed around the original collar to prevent fracture of the cracked TSPs
during the pull test. The nominal outside diameter (OD) of the original TSP collars
was approximately 1.70 inch. The second collar was approximately 2.0 inch inside
diameter (ID), 2.5 inch OD. Set screws were used to attach the second collar to the
first. The torque applied to the set screws was only enough to keep the second
collar in place and to prevent radial separation of the TSP collar during the pulling
process. No loading was applied through the set screws to the TSP collar which
could have affected the resistive load capability. The other four samples were
tested at elevated temperature. Heat tapes were applied to the tube and TSP collar.
Thermocouples were used to measure the tube temperature immediately adjacent
to the TSP collar. A second collar was not used for the elevated temperature tests
since no visible cracking in the collars of these specimens was observed. After pull
testing, it was observed that some of these collars had experienced some ligament
cracking; however, it was not comparable to the level observed in the samples
tested at room temperature.

Table 1 presents the loading data for these tests. 'Data is provided for the
breakaway load, as well as the load at various TSP displacement values. The
breakaway load is defined as the load at which the load-displacement curve slope
changes sign (i.e., load decreases with increasing displacement) or the slope
approaches zero. For samples TSP-29, TSP-32, and TSP-22, the TSP
displacement at breakaway was approximately 0.015 to 0.020 inch. For sample
TSP-24 the displacement at breakaway was approximately 0.04 inch. At slightly
above 0.005 inch displacement and 1700 Ib, TSP-24 experienced a slight change in
the slope of the load-displacement curve in which the load increased by only 100 Ib
while experiencing approximately 0.01 inch of displacement. The load-displacement
curve slope then increased again, where a load increase of approximately 384 Ib
occurred over an additional 0.025 inch of TSP travel and breakaway was reached.
Up to the breakaway point, the slope of the load-displacement curve remained
positive. All other samples experienced a near straight line load-displacement curve
slope from the onset of loading to breakaway. An example of the load-displacement
curve is provided in Figure 1. As seen by this curve, the load path is essentially a
straight line up to,the breakaway point. The resistive load was reduced after
breakaway, but still retained a large resistive capacity. After breakaway and initial
load reduction, as the displacement of the TSP collar increased, so did the resistive
load.

The breakaway loads for the samples with visually noncracked collars (TSP-22,
TSP-24, TSP-26, and TSP-27) ranged from 2184 to 4790 lb. After pull force testing,
it was observed that samples TSP-26 and TSP-27 had part-through wall cracking of
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two of the three ligaments at the ID surface of the TSP collar, but no observed
ligament cracking on the OD of the TSP collar. Sample TSP-28 (visually cracked
TSP ligaments), which had the lowest breakaway load of 320 Ib, was found to have
experienced complete separation of two of the three ligaments due to corrosion.
The cracking was observed both at the ID and OD of the collar. The third ligament
had a part throughwall corrosion crack. Without the secondary collar, this sample
would have "lost" one-third of the TSP (see Figure 2). Sample TSP-31 also had two
completely separated ligaments, same as TSP-28, although the breakaway load
was reported at 750 lb. The breakaway load observed, is therefore, likely due to
friction between the TSP, corrosion product, and tube, and it is assumed that all
denting force was lost prior to resistive load testing. Samples TSP-29 and TSP-32
each had only one ligament cracked completely through the ligament thickness. All
samples, including those with cracked TSP ligaments, retained greater than 180 Ib
resistive load even at 0.4 inch of TSP displacement.

Due to the placement of insulating material on the elevated temperature samples,
the loads reported for sample TSP-22 at 0.3 and 0.4 inch TSP displacement may
have been influenced by the insulating tape being drawn into the crevice region.
Therefore, these two values may be biased high.

OD measurements of several of the collars were taken before and after testing.
These values, listed in Table 1, indicate that no apparent yielding of the collar
occurred during the pull force testing. Measurements were taken along two axes,
90'o each other. The corrosion products located on the collar OD were removed
by a wire brush prior to rec'ording the OD measurements. Even after removal of the
deposits, the TSP collar surface was quite rough, and this may be a source of
measurement errors.

Digital photographs were taken of the samples prior to and following pull force and
leak testing. Samples TSP-22, -24, -29, and -32 show that corrosion products
originally within the crevice remained attached to the tube OD surface following the
pull testing, and suggest that the corrosion products do not readily fracture into
smaller pieces. Scratches on the tube OD surface show that the hardness of the
corrosion product exceeded the hardness of the tube OD, which also suggests that
the corrosion products have not broken up once a load is applied to the TSP collar.
It is believed that a weak shear plane is developed in the corrosion products during
TSP displacement and motion of the plate is along this shear plane.

3.0 Overall Tube to TSP Breakaway Force Database

The development of an overall pull force database to support limited TSP
displacement in Model 51 Steam Generators (SGs) with dented TSP intersections is
described in this section. This section, including Table 2, updates the information
contained in the response to NRC Question 4 in Reference 1.
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To obtain direct measurements of the pull force to move a tube relative to the TSP
in an. operating SG tube removal operation, the tube must be cut above the top of
the tubesheet and the tubesheet bored slightly prior to the tube removal. The force
required to initiate tube movement is then the force required to breakaway the tube
from the TSPs included in the tube removal. An average breakaway force per TSP
is then the total force divided by the number of TSP intersections spanned by the
tube section removed. Ifthe tube is not cut above the top of the tubesheet and the
tubesheet bored, tube drag within the tubesheet can often be as large or larger than
the breakaway force. This type of tube removal cannot be used to estimate the TSP
breakaway force.

To date, seven pulled tubes have been removed from Model 51 SGs by FTI with the
cut made above the top of the tubesheet and the tubesheet bored so as to permit
determination of the TSP breakaway forces. One of the tubes was removed from a
DCPP Unit 1, dented TSP intersection and five were removed from nondented TSP
intersections. The seventh tube, R21C71 from Plant Z-2, had a dent at the fifth TSP
while the other four intersections removed were nondented. This tube is classed as
nondented since the differences in breakaway forces between dented and
nondented intersections when averaged over five intersections would have a small
influence on the average breakaway force. The measured breakaway forces are
given in Table 2. For removal of the DCPP Unit 1 tube with a dented TSP
intersection, the pull force increased continuously until a breakaway force of 2566 Ib
was reached at a displacement of 0.285 inch, after which the load decreased. The
pull force as a function of displacement increased rapidly to 1434 Ib at 0.042 inch
displacement and was about 1927 and 2282 Ib at displacements of about 0.108 and
0.157 inch, respectively. It should be noted that the loading rate for this pulled tube
was a slow, step-by-step increase. Pressure was slowly increased in approximately
100 psi increments and then conditions were stabilized while displacement was
recorded. The overall breakaway force loading and measurement process took
about one half hour. As seen in Table 2, the breakaway force for this DCPP Unit 1

dented TSP intersection is essentially the same as found for the corrosion dented
laboratory specimens. The data for Plant L in Table 2 are also provided in WCAP-
14707 (Reference 2) and were obtained from the utility at the time of the tube
removal. The data for DCPP Unit 2 (removal from two nondented TSP
intersections) and Plant Z-2 were obtained from Reference 3. The DCPP Unit 2
tube had an average breakaway force of 500 Ib per TSP intersection compared to
the overall average for the six tubes of 1638 Ib per TSP intersection. The lower 95
percent confidence on these six nondented tubes is an average breakaway force of
298 lb. For the seven (six laboratory and one pulled tube) dented intersection pull
force measurements, the overall average is 3196 Ib and the lower 95 percent
confidence value is 1490 lb.

The Dampierre-1 tube pull force measurements of Reference 2 were evaluated to
identify measurements that result in an independent force versus displacement test.
Independent is defined to be measurements on a specific tube/TSP intersection as
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contrasted to multiple force measurements on the same tube as a function of TSP
displacement. The Dampierre-1 SGs are Model 51 SGs manufactured by
Framatome to the Westinghouse design. The independent Dampierre-1 force

, measurements are given in Table 2 for comparison with the direct measurements of
Model 51 pull forces described above. The average room temperature pull force for
the Dampierre-1 tube/TSP intersections is 2968 Ib which is somewhat higher than
obtained in the pulled tube tests. It cannot be determined, whether the differences
between the Dampierre-1 and pulled tube results are due to the methods (tube pull
versus removed tube/TSP) or to plant differences. In either case, the differences in
pull forces are insignificant in that both data sets provide large margins against the
breakaway force required to prevent TSP displacement in a steam line break (SLB)
event. From Table 11-1 of WCAP-14707, the largest SLB force on any plate and
tube location is 59.6 lb. As mentioned above, the lower 95 percent confidence on
the data of Table 2 is at least 298 Ib for a nondented TSP intersection.

The 17 tubes removed from Dampierre-1 include results for TSPs 1, 7 and 8 and
rows from 5 to 41. The 7 pulled tubes from domestic plants include results for the 5
lower TSPs and rows from 2 to 30. These results support a conclusion that the
breakaway forces show no significant dependence on tube or TSP location.

The Dampierre-1 data of Table 2 show about a 9 percent pull force reduction from
cold to hot conditions and about a 37 percent reduction for chemical cleaning. The
cold to hot factor correction in Table 4-2 of WCAP-14707 was 15 percent. The
difference is that the WCAP factor was based on data for all TSP displacements
while the Table 2 data include the smallest displacement value for each tube/TSP
intersection. When data for only 0.08 inch displacements are used to obtain the
cold to hot factor, the factor becomes 1.04. The room temperature data, as shown
in Table 4-2 of WCAP-14707, tend to show increased pull forces with increasing
displacements while the high temperature data show no significant dependence on
displacement. To provide margins in the application of the WCAP results, a
reduction of 15 percent will be applied to room temperature measurements to obtain
operating temperature values for TSP displacement analyses.

The reduction in pull force capability for chemical cleaning in Table 4-3 of WCAP-
14707 is a factor of about 50 percent while the results in Table 2 show a factor of
37 percent. Again the differences are due to the WCAP averaging data for all TSP
displacement values while Table 2 uses only the smallest reported displacement
values. To provide margins in the application of the WCAP results, a reduction of
50 percent will be applied to pull forces obtained with no prior chemical cleaning for
application to TSP displacement analyses for chemically cleaned SGs.

As discussed in Section 2.0 above, pull force tests have been completed on eight
corrosion dented laboratory specimens with the results given in Table 1. The results
for specimens TSP-28 and TSP-31 were obtained with the TSP cracked through the
entire thickness at two locations as shown in Figure 2. Due to the severely cracked

5
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ligaments, these two specimens are not included in the database of Table 2.

~

However, even with the cracked ligaments, the pull forces of 320 and 750 Ib exceed
that required to prevent TSP displacement in a SLB event, and provide a lower
bound pull force for the low probability case of severely cracked TSP locations. The
severe cracking of the laboratory specimens, which would result in a loss of a piece
of the TSP in field applications, has not been found in domestic SG inspections for
TSP indications.

Two additional tests were performed at room temperature and four at operating
secondary side temperature of 550'F. For the two tests of TSP-29 and TSP-32
performed at room temperature, the collars simulating the TSP had also previously
developed cracks during the denting process at a hole in the collar for a bolt
supporting the TSP. Only one ligament was cracked completely through the
ligament thickness for these two specimens and the data are included in the
database of Table 2. To prevent the cracked collar from opening wide during the
pull force tests, a second collar was placed around the cracked collar and secured
by three set screws as described above in Section 2. Only a low torque was applied
to the set screws to keep the second collar in place during the pulling process. The
average pull force of the elevated temperature tests is higher than the room
temperature tests but the spread of the pull forces overlap between the two test
conditions. The pull force for sample TSP-24 may be low as the bolt passing
through the collar had to be repeatedly impacted to remove the bolt. This impacting
may have loosened the gripping force of the magnetite/dent on the tube section. It
can only be concluded that there is no apparent difference between the room and
operating temperature conditions. The average pull force for all six dented TSP
tests is 3301 Ib, which exceeds the 2395 to 2698 Ib pull forces for all nondented
data and the 1638 Ib pull forces for the nondented pulled tube data. The pull forces
were measured as a function of displacement following initial breakaway. Following
breakaway, the loads to displace the TSPs for the specimens without cracked
ligaments, decreased reaching minimum pull forces of 1400 to 2200 Ib at OA inch
displacement (see Table 1). OD measurements of the collars before and after the
pull force testing indicate that no apparent yielding of the collars occurred during the
tests. Most of the corrosion products within the crevice remained attached to the
tube following the pull force testing. These results indicate that the breakaway
forces for dented TSP intersections can be expected to exceed or at last equal the
upper end of the nondented breakaway force values.

TSP displacement measurements were also performed on a tube/TSP section
removed from the retired Ringhals-3 SGs as reported in Reference 4. The tubing for
this SG is 3/4 inch diameter. The forces measured as a function of displacement
were: 1530 Ib for 0.04 inch displacement, 2150 Ib for 0.08 inch displacement,
2397 Ib for 0.16 inch displacement, and 2380 Ib for 0.24 inch displacement. These
values are consistent with the breakaway force measurements of Table 2. For a
more consistent comparison between measurements of 3/4 and 7/8 inch diameter
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tubing, the 3/4 inch tubing results should be increased by the ratio of the tube
circumferences since the forces are a function of the tube to TSP contact pressure
and area. When the Ringhals-3 data are increased by the 1.17 diameter ratio, the
agreement with the Dampierre-1 data is even further improved. The value for
0.04 inch displacement increased by the 1.17 factor is included in the pull force

'atabase of Table 2. These results further support the large magnitude for the TSP
breakaway forces compared to the relatively small values required to prevent TSP
displacement. Destructive examination of Ringhals-3 tube/TSP intersections was
performed to characterize crevice deposits as reported in Reference 5. These
results support the strong similarities in crevice conditions between different plant
SGs as noted in Reference 6.

Bases for Minimum Measured Breakawa Force

Based on a required breakaway force of 60 Ib to offset the maximum SLB hydraulic
load of 60 Ib at any TSP intersection (Table 11-1 of WCAP-14707) and, thus prevent
SLB TSP displacernent, a room temperature value of 60/0.85 = 70 Ib is the required
minimum breakaway force measurement. Ifchemical cleaning has been applied,
the minimum room temperature breakaway force measured prior to chemical
cleaning is 140 lb. AllTSP breakaway force measurements, as given in Table 2,
show substantial margins against a 140 Ib breakaway force requirement even at the
lower 95 percent confidence on the force measurements.

In addition to preventing SLB TSP displacements, the magnitude of the breakaway
force influences the number of tubes that will displace relative to the TSP due to
thermal cycling from hot to cold conditions. The analyses for the hot to cold
displacements are given in Section 10 of WCAP-14707, Revision 1. Tubes adjacent
to peripheral TSP supports are potential candidates to displace relative to the TSP.
Any indications in the tubes that separate would remain inside the TSP at hot
standby and full power conditions such that burst continues to be prevented by the
presence of the TSP. However, tube movement relative to the TSP could break up
the magnetite in the crevice and permit increased leakage from packed or dented
crevices. Consequently, a dented TSP leakage model would not be applied to
tubes subject to displacement in hot to cold temperature cycles. When the
breakaway force is at least 100 Ib, the number of tubes that displace in hot to cold
cycles is expected to be small although this analysis has not been performed.
Therefore, an elevated temperature minimum breakaway force of 100 Ib would be
established for ARC applications. Final analyses could lead to a modest change to
this 100 Ib requirement. Based on pull force data obtained without prior chemical
cleaning, a room temperature measurement value of 100/0.85 = 120 Ib is then
required for SGs with no planned chemical cleaning or 240 Ib for SGs with planned
chemical cleaning. Ifthe measurement is made in a SG following chemical
cleaning, only the 120 Ib requirement is applicable since the effects of chemical
cleaning would be included in the measurement.
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The database of Table 2 demonstrates substantial margins against the minimum
required breakaway force requirements of 120 to 240 lb., To simplify analyses for
pull forces and to reduce test requirements, pull force data for nondented TSP
intersections will also be conservatively applied for dented TSP intersections. The
Table 2 results indicate that breakaway forces for dented TSP intersections equal or
exceed those for nondented intersections since the contact force between the hard
magnetite in the crevice and the tube is at least equal to the force required to
deform a tube.
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Table 1. Corrosion Dented TSP Pull Force Test Data
Sample Test

Temp.
oF

Dent
Voltage

Load at 0.005"
TSP

Displacement

Load at Breakaway
0.010 in. TSP Lpad
Displacement

()b )

Load at
0.1 in. TSP

Displ ~

Load at
0.2 in.
TSP

Displ.

Load at
0.3 in.
TSP

Displ.

l.oad at
0.4 in.
TSP

Displ.
Sam ples with Non-Cracked TSP Collars

TSP-22 550 6.88
TSP-24 550 4.48
TSP-26 550 5.52
TSP-27 550 2.64

1750 Ib

1500 Ib

500 Ib

650 Ib

3000 Ib

1800 Ib

1125 Ib

1125 Ib

4790
2184
2737
4537

2600 Ib

1700 Ib

2750 Ib

2800 Ib

2300 Ib 2150 Ib

1400 Ib 1400 Ib

2150 Ib 2050 Ib

2500 Ib 2000 Ib

2200 Ib

1400 Ib

2050 Ib

1500 Ib

TSP-29 70 1.9
TSP-32 70 8.57
TSP-31 70 1.76

1600 Ib

1000 Ib

100 Ib

Sa mples with Cra
N/A (2)
2000 Ib

200 Ib

eked TSP Collars
3000 Ib

2560 Ib

750 Ib

1670 Ib

1650 Ib

750 Ib

800 Ib 400 Ib

1400 Ib 1000 Ib

850 Ib 850 Ib

180 Ib

650 Ib

750 Ib
TSP-28 70 5.43

Sample

280 Ib

Pre-Pull Colla
Upper Edge

280 Ib

r Diameter
Lower Edge

320 Ib 320 Ib

Post-Pull Collar Diameter
Upper Edge Lower Edge

360 Ib 360 Ib 400 Ib

TSP-29
TSP-32
TSP-22

1.719/1.708
1.703/1.713
1.702/1.706

1.712/1.710
1.708/1.709
1.699/1.700

1.718/1.708 1.719/1.708
1.700/1.716 1.710/1.710
1.705/1.705 1.700/1.700

Notes:
(1) Breakaway load was experienced at TSP displacement values of 0.02 inch to 0.04 inch
(2) Exceeded full scale plotter setting of 2000 lb. Peak load is tracked by the tensile machine, therefore, even though

plotter full scale was exceeded, peak load was tracked.

Note: Sample 24 may have been damaged during handling, and pull force values may be low. During disassembly,
machinist repeated impacted sample with a hammer to remove the spacers and bolts which held the TSP collar at the
desired elevation.
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Table 2 - Average TSP Breakaway Force from Model 51 SG Tubes
Plant Tube Dented

Yes/No7
No. TSPs in

BF
Total Breakaway

Force (BF) - Ib
RTAvg. BF 547F BF per
per TSP (Ib) TSP (Ib)

Chem Clean
RT BF per TSP

Pulled Tubes: Nondented i»

Diablo Can on-2

Z-2

R2C66
R29C70
R30C64
R18C70
R11C27
R21C71

No

No
No
No

No <'>

2, TSPs 1-2

3, TSPs 1-3

3, TSPs 1-3

3, TSPs 1-3

2, TSPs1-2
5, TSPs 1-5

1000
7955
2775
4955

. 4600
9000

500
2652

925
1652
2300
1800

Pulled Tubes: Dented
Diablo Can on-1 R16C57
Laboratory Specimens: Dented

TSP-29
"'SP-32i')

TSP-22
TSP-24 i'i
TSP-26
TSP-27

Yes, 5.1v

Yes, 1.9v
Yes, 8.6v
Yes, 6.9v
Yes, 4.5v
Yes, 5.5v
Yes, 2.6v

1, TSP1 2566 2566

3000
2560

4790
2184
2737
4537

Removed Tube/TSP
Nondented"'ampierre-1

Ring hals-3i'i

Pulled Tubes
(Nondented)

Removed
Tube/TSP

Dampierre-1 &
Ringhals-3 Data

(Nondented)
Aii Data

(Nondented)

Dented
Lab Specimens

Dented
Pulled Tube

and
Lab Specimens

R10C90, TSP 8
R10C91. TSP 8
R9C91 ~ TSP 8
R9C93, TSP 8
R42C59, TSP 7
R42C60, TSP 7
R42C61, TSP 7
R5C94, TSP 8
R6C93, TSP 8
R12C92, TSP 8
R12C93, TSP 8
R11C91, TSP 8
R11C92, TSP 8
R40C66, TSP 1

R40C67, TSP 1

R41C66, TSP 1

R41C67, TSP 1

Not Identified

No
No
No
No
No
No
No

No
No
No
No
No

No
No
No

Dam pie rre1
Ratios

All Dented
Lab Data

Combined

All Dented
Data

Combined

Average
Std. Deviation
Lower 95%

Average
Std. Deviation
Lower 95%
Ratio Hot/R.T
Ratio C.C./no C.C.

Average
Std. Deviation
Lower 95%

Average
Average
Std. Deviation
Lower 95%

Average
Average
Std. Deviation
Lower 95%

11

2644
3471
2464
1313
3103
4496
4339
3192
1686

1790

1638
812
298

2850
1081
1065

2395
1135
522

2780

2709

3301
1091
1501

3196
1034
1490

3260
3664
1798
2068

2698
905

1205
0.91

2698
905

1205

3562

3562

1574
2023
1799
2091

1872

1485

0.63
1872

1485
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Table 2 - Average TSP Breakaway Force from Model 51 SG Tubes (continued)

Notes:

1. Breakaway forces for pulled tubes given only for tubes cut above the TTS. Forces are
values for initial tube movement.

2. Data obtained for tubes and TSPs removed from the SG. Forces are values for smallest
reported TSP displacement.

3. TSP collars were cracked during the denting process. A second collar was applied around
the original collar to prevent further separation of the TSP during pull force testing. Set
screws were used to attach the second collar with only enough torque applied to the set
screws to keep the second collar in place.
Sample 24 may have been damaged during handling and the pull force value may be low.
During disassembly of the collar supports, the machinist had to repeat impacting the sample
with a hammer to remove the spacers and bolts which held the TSP collar at the desired
elevation during the denting process.

5. Ringhals-3 pull force of 1530 Ib was increased by 1.17 factor for ratio of 7/8 inch to 3/4 inch
tube circumferential contact areas. SG was chemically cleaned in 1989 and the tube
removed in 1995. Pull force judged to be typical of SGs without chemical cleaning due to
extended time between chemical cleaning and tube removal.

6. Tube R21C71 from Plant Z-2 had a 2.0 volt dent reported at the fifth TSP while the other four
intersections removed from this tube were nondented. This tube is classified as nondented
since the differences in breakaway forces between dented and nondented intersections

'henaveraged over five intersections would have a small influence on the average
breakaway force. Therefore, the pull force data from these six tubes is referred to as
nondented pulled tube data in this table.

12
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Figure 1

Typical Load-Displacement Curve From Pull Force Testing of Dented TSP
Intersections
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Figure 2
Schematic of TSP Collar Showing Separated Ligaments

TW Crocked Ligament
Part TW Crack
Sample TSP-2S

TSP Collar schematic showing location oF
ligaments separated by corrosion on samples
TSP-31- and TSP-28
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