Florida
Powmgr

Coywtnl Fiver Uit 3
Dociret Mo. 50308

May 15, 1995
3F0595-14

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Subject: Crystal River Unit 3 Fifth Tendon Surveillance, Additional
Information

References: A. FPC to NRC letter, 3F0894-03, dated August 12, 1994
B. NRC to FPC letter, 3N0994-16, dated September 22, 1994
e FPC to NRC letter, 3F1294-13, dated December 15, 1994

Dear Sir:

The reference letiers contain NRC questions and Florida Power Corporation (FPC)
responses resulting from the NRC review of the results of the Crystal River
Unit 3 (CR-3) Fifth Tendon Surveillance. FPC has discussed follow-up questions
with the NRC staff and is providing this submittal to document and respond to
these questions. FPC is submitiing a background section, a brief conclusion and
two attachments containing a summary of the follow-up questions, our responses
and a study performed by Gilbert Commonwealth to supplement our responses. As
discussed during an earlier teleconference, FPC and Gilbert Commonwealth are
available to meet with the NRC if such a meeting could be beneficial to bring
this issue to closure.

Background

FPC performed the Fifth Tendon Surveillance from November 1, 1993 through
January 4, 1994. The acceptance criteria for the surveillance was contained in
the Technical Specifications applicable at the beginning of the inspection.
However, anticipation of Improved Technical Specification (ITS) implementation
for CR-3 prompted FPC to evaluate the results of the surveillance to the criteria
of Regulatory Guide (RG) 1.35, Revision 3. As the guidance in the RG provides
recommendations when certain parameters are exceeded, FPC provided an engineering
report (Reference A) which contained the considerations, results, evaluations and
conclusions drawn from the surveillance as well as a trend analysis of the dome,
hoop and vertical tendons. The submittal of the report and the inclusion of the
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trend analysis were done to facilitate the interface of the then current
requirements with those that would be germane to future surveillances. The
engineering report was prepared by Gilbert Commonwealth for FPC since they have
bein involved i~ all Tendon Surveillances.

In September 1994 (Reference B), NRC requested additional information. The
requested information is specific to the guidance in RG 1.35, Revision 3 and
associated Regulatory Guide 1.35.1. FPC provided responses in Reference C. As
mentioned earlier, FPC has discussed five questions with the NRC staff in
subsequent telephone conferences. FPC is providing in two attachments to thi.
letter, these questions and our responses.

Conclusions

FPC successfully completed the Fifth Tendon Surveillance. The results of the
surveillance demonstrated the integrity of the Containment Tendon System. The
next tendon surveillance will be performed to more current standards in
accordance with our Containment Tendon Surveillance Program as specified in the
ITS. Lessons-learned from our discussions with the Staff will be incorporated
in our program. We do not believe the results to be an indication of an
unacceptable adverse trend. Thus, FPC is requesting closure of the Staff’s
review of the results of the surveillance.

Sincerely,
. L
“G. L. Boldt,

Vice President
Nuclear Production

GLB:LVC
Attachments
xc:  Regional Administrator, Region Il

Senior Resident Inspector
NRR Project Manager
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NRC Question No. 1

In Table 4, it appears that the elongation for overstress force (0SF) of 3-3/8"
is in error, because it cannot be less than that of lock-off (LOF). A
clarification is in order.

FPC Response

Some of the information provided for the elongation was in error. Table 4 of
Reference C provided data of elongation meacurement during re-tensioning for
Tendon D231 per your request in Reference B. Tendon D231 field end is the only
tendon which recorded 0" for the ram extension at the start of the re-tensioning
process. Since the retensioning of Tendon D231 was performed from both ends, it
has been concluded that there was an omission of the base shim thickness as a
reference point while recording the data during retensioning at the field end of
this tendon. Since the base shim used for each tendon is a 3" thick shim plate,
its omission left the measured values 3" short. Therefore, as the shop end
figures and the final shim thickness look reasonable for tendon D231, an
adjustment has been made to the elongation data tabulated for Tendon D231, field
end previously provided to the NRC in Table 4 of Reference C. The revised table
immediately follows.

The data provided in Table 4 was provided in that format as reguested by the NRC
in Reference B. Elongation as presented in the tables are measured values with
the exception of the recorded elongation at LOF which was not based on measured
data during the retensioning process as were the other values. The LOF figures
were taken from shim thickness records and entered for convenience in the table.
The measurement of elongation at the OSF was consistent with the procedure and
data taken during prior surveillances.

The effects of this adjustment for the D231 recorded elongation was then carried
forward to the calculation made for the elongation percentages. Based on the
corrections made, the percentage elongation calculation and comparison with the
original elongation was recalculated. Since the correction to be made to the
D231 tendon elongation data was to add 3" to the measured values for the D231
field end, there is no effect on the results of the elongation percentage
calculation as originally calculated and as it was presented in Section 7 of
Reference A. Thus, the value of -8.7% is still correct. The conclusion of that
section that the measured elongations present no adverse effect remains
unchanged .
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TABLE 4

(Sheet 1 of 3)

Tenoon I.D.: D231 (Fxero Enp)

Actual Observed Force and Elongation Measurement for
Retensioned Tendons

Elongation (in.)

Total Elongation (c¢)

‘retensioned Force (PTF)

This is the force necessary to bring the tendon into a lightly stressed condition
to remove slack and seat the buttonheads. This force establishes the base for
elongation measurement

Lock-0ff Force (LOF)
This is the force at which the tendon load is transferred to the shim stack from

the ram and is representative of the force at which the tendon l1ift-off occurred
during the monitoring of tendon force

Overstress Force (0SF)
[his is the force maximum elongation is determined.

(a) Step #]1 and Step #2 are intermediate data required by subsection 4.2 of RG
1.35

Note that the elongation at LOF was taken from shim thickness data on
Enclosure 20 of the surveillance procedure (SP-182). It was not measured
during the retensioning proces

Total elongation as calculated above represents format as requested by NRI
(actual) Gilbert/Commonwealth report used 0OS/ PTF for total elongatior
which gives a comparison of elongation to original installation.
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TABLE 4

(Sheet 2 of 3)

Tenoon I.D.: D231 (Swop Enp)

Actual Observed Force and Elongation Measurement for
Retensioned Tendons

Force Kips Pressure (psi) Elongation (in.)
PTF 359 1500 3-9/16"
Step #1 (a) 540 2360 3-3/4"
Step #2 (a) 1050 4730 4-5/16" "
LOF 1345 6210 6-15/16" (b)
OSF 1535 7090 7-7/16"

Total Elongation (c) = (LOF - PTF) Elongation
= 6-15/16" - 3-9/16" = 3-3/8"

Pretensioned Force (PTF)
This is the force necessary to bring the tendon into a 1ightly stressed condition
to remove slack and seat the buttonheads. This force establishes the base for
elongation measurement.
Lock-0ff Force (LOF)
This is the force at which the tendon load is transferred to the shim stack from
the ram and is representative of the force at which the tendon 1ift-off occurred
during the monitoring of tendon force.
Overstress Force (0SF)

This is the force maximum elongation is determined.

(a) Step #1 and Step #2 are intermediate data required by subsection 4.2 of RG
1.35.

(b) Note that the elongation at LOF was taken from shim thickness data on
Enclosure 20 of the surveillance procedure (SP-182). It was not measured
during the retensioning process.

(¢) Total elongation as calculated above represents format as requested by NRC
(actual). Gilbert/Commonwealth report used OSF - PTF for total elongation
which gives a comparison of elongation to original installation.
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Attachment 1|

TABLE 4

(Sheet 3 of 3)

Texpon 1.D.: D231 (ComposiTe ResuLTS)

Actual Observed Force and Elongation Measurement for
Retensioned Tendons

Kips fotal Elongation
(Average of Shop End (Sum of Shop End
_and Field End) and Field End)

530 7-1/2"

1038

1358
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NRC Question No. 2

FPC stated in its response to question No. 2 that the regression analysis based
on individual data is mathematically identical to that based on average value.
The staff has performed the two cases as shown in the attachment. The trend line
for the two cases have different slopes and the one based on average values gives
a less conservative trend. Please explain.

FPC Response

Although the difference between the results of the two curves is not significant
they are not mathematically identical.

The regression analysis provided in our response to question No. 2 of Reference B
was prepared using normalized averaged data (Figures 6.1, 6.2 and 6.3 represented
the trend for the dome, vertical and hoop tendons respectively). Those figures
are equivalent to Figures 6.1, 6.2 and 6.3 which are being provided as part of
the response to Question No. 3 of this submittal. Also provided in the response
to Question No. 3 are the following figures which are relevant to the response
to this question,

a) Revision 1 (R1) to Figures 6.1, 6.2 and 6.3. These figures are trendin
curves provided in Attachment 2, Appendix A which were prepared using

individual data points pormalized.

b) Revision 3 (R3) to Figures 6.1, 6.2 and 6.3. These figures (also provided
in Attachment 2) are trending curves prepared using all individual data
points not normalized.

As shown in those three sets of figures, and as stated above, the difference
between their results is not significant, as an example, it could be seen that
the plotted trends and projections up to and beyond the 40 years plant life are
well above the required minimum prestress levels. This is also true for the
trend curves of all tendon groups (Dome, Vertical and Hoop).

The analysis prepared by the Staff as an i1lustration of the tendons’ trend based
on individual data is equivalent to our

Figure 6.1 R3, FPC’'s response to your Question No. 3 of this submittal provides
additional design details from the evaluation and comparative study (see
attachment 2). These details address the various methods and data used in the
trend regression analysis.
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NRC Question No. 3

In FPC's response to the Staff question on normalization, you have not adequately
provided the basis for such a procedure. Explain why the fixed tendons (e.g.
D215, 12v20, 56V]1, etc.) had to be normalized every time when subjected to 1ift-
off. Normalization is typically done to adjust the lock-off force in each of the
tengons due to elastic shortening caused by the seating of the subsequent
tendons.

As a simple example, a prestressed concrete beam is to be prestressed by ten
tendons which are to be tensioned and seated one by one. Assume the lock-off
force for each tendon is 100K (kips)and will result in a 1/10" shortening with
a prestress loss of 1K, On the basis of this assumption, the normalizing forces
for the lst, 2nd, 3rd...and 10th sequentially seated tendons are 9, 8, 7,
6,...0k. Excluding other prestresses losses, the normalized tendon forces should
be 91,92,93,....100k. These are obtained by modifying the lock-off force of each
tendon and form the bases of the predicted forces. At the time of 1ift-off, most
of the prestress losses have occurred and the tendon 1ift-off force should be the
actual tendon force and requires no adjustment. It should be compared with the
predicted forces. Obviously, there is no need to normalize the 1ift-off force,
for instance, in a fixed tendon every time it is Tifted off. It is realized that
the prestressed concrete containment shell is under multi-axial prestressing, in
one direction may affect the prestress in the other direction. Therefore
normalizing the tendon forces is an involved process and the sequence of
prestressing at the time of construction must be known. The normalization can
be accomplished only through the use of a computer program.

This is the staff’s understanding of the normalization process. If this is not
your understanding, provide an explanation with an example as simple as possible.

FPC Response

Question 3 of Reference B requested the basis for the use of normalization, FPC’s
response to that question explained the use of normalization factors in the trend
analysis provided in Reference A.

In our response, FPC did not clearly note that the use of normalization factors
in the force curves was to adjust the lock-off force for losses due to elastic
shortening, stress relaxation, creep and shrinkage. The reason for normalizing
lift-off forces values on the trend curves developed for this surveillance is to
be able to establish a direct comparison with the force curves. Those force
curves were developed using such normalization and have been used in this and
earlier surveillances to determine tendon 1lift-off force acceptability.
Attachment 2 to this submittal contains a detailed study prepared by Gilbert
Commonwealth for FPC to address the issues in this question related to the use
of normalization factors.
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NRC Question No. 4

In response to Question 4, you claimed it would be a major effort to revise the
graphs in accordance with RG 1.35.1. From the graphs presented in the previous
submittal, it appears that for each tendon you have established the baseline
values for that tendon. Therefore, it should be a simple matter to use these
values to establish the graph as required by RG 1.35.1. An explanation should
be provided why this is not so and how the baseline values have been established.

FPC Response

FPC has utilized the services of our Architect/Engineer Gilbert Commonwealth for
the preparation of the report we provided in Reference A and the graphs we
presented in our December 1994 submittal, Reference C. The cost to produce
revised force curves was estimated to be approximately $30,000. Prior to the
next tendon surveillance, FPC will evaluate the current method of generating
force curves for it ompliance with Requlatory Guide 1.35, Revision 3. As
explained in previous correspondence, there was no requirement nor any technical
benefit to justify the cost of developing new force curves for the Fifth Tendon
Surveillance Report submittal. Attachment 2, as part of our response to question
No. 3, gives background information as how the force curves were developed and
baseline values established
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NRC Question No.5

The response to question 6, infers that the abnormal loss of grease doesn’t
affect the integrity of the tendons. Such a premise may not be acceptable,
unless the effects of the grease leakage into the concrete can be determined to
be harmless. Therefore, the grease injection procedure in your next surveillance
should be carefully monitored to detect any further leakage before such a
determination can be made.

FPC Response

Our response shall not be understood as being unconcerned with the apparent
grease loss. The response to question No. 6 provided in Reference C, stated that
no grease leakage had been detected during walkdowns of the Reactor Building.
Additional ./, Appendix D of the Gilbert Commonwealth Report in Reference A
indicated that there was no evidence of tendon wire corrosion or degradation.
The report discussed that the additional grease added to the tendons may be due
to:
A) Additional shrinkage and contraction losses over time.

B) Additional air voids and settlement into voids over time
C) Monitoring tolerances of grease filling during original installation

We have also stated in Reference C that the grease injection procedure will be
closely monitored. FPC personnel will be visiting other nuclear plants during
their tendon surveillances in the near future. FPC will closely observe several
aspects of their inspection such as the grease injection with the objective of
enhancing our procedures prior to our next surveillance. No other actions are
planned at this time.
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GILBERT COMMONWEALTH STUDY

The following three areas will be addressed:

Were normalization factors typical of a tendon surveillance program
generated and correctly used in the CR-3 surveillances?

Why are the normalization factors applied to the 1ift off forces vs.
the original lockoff forces as shown in the Tables in the
Engineering report. Specifically, why are they used in the tren. .ng
curves? Why was an average value used instead of all data points for
the tendon surveillance group?

Discuss Appendix B of the G/C Engineering Report.

a. Normalization Factors/Background

Normalization factors were originally calculated for the CR-3 tendons during the
completion of the containment design period in the late 1970’s. The engineering
efforts completed in 1980/198]1 documented the methodology and generation of the
normalization factors which is currently applicable. The personnel involved in
the program at that time were actively involved with the subject for many years
and communicated regularly with NRC representatives at that time. During the
second, third and fourth surveillances, the CR-3 program reguirements were
periodically monitored against the evolving Reg. Guide 1.35 requirements as the
document evolved through the 1980 draft version of Revision 3, and into the mid
1980's.

While the force curve base curve is the same as that originally developed in the
early 1980’s, the presentation of the curves changed slightly. The original
lock-off and predicted elastic shortening values were used in the development of
the base force loss curve and this data was shown on curves generated for the
first several surveillances. fThe current force curves as presented in the
Surveillance Procedure, Revision 11 are based on the curve format as revised for
the fourth surveillance. At that time, the "lTower 1imit" and 90% lower lines
were replaced with 95% base and 90% base lines to provide for ease in comparison
with acceptance criteria as presented in the draft version of Regulatory Guide
1.35, Revision 3. While the "lower limit" value has changed, the base curve of
the tendons in the fifth surveillance is the same as thie base values as presented
in the first surveillance (unless the number of effective wires has changed).
The current base 1ine on the force curves is a function of the original lock-off
value and the drop in force due to elastic shortening even though this data is
not currently shown on the curves

At the time the force curves and other development work was performed, G/C’s
Project Engineer for tendon surveillance was very active in the industry on the
subject of tendon surveillance. Furthermore, he was the author of a technical
paper on the specific subject of the normalization factor in tendon surveillance.
The same calculation procedures as originally developed and used throughout the
past four surveillances were again used as the engineering basis for work
performed in this past fifth surveillance. However, the trending data and curves
as presented in the Engineering Report were newly prepared for this surveillance
based on the requirement of the new Revision 3 of Reg Guide 1.35 issued in 1990.
Prior to 1990, overall results and trends were still evaluated but not with the
same type of curves,
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At the beginnina of the engineerina work for this last surveillance, it was
recognized that Revision 0 of Reg. Guide 1.35.1 was formally issued in July,
1990, The effect on the CR-3 program had not previously been explored since the
completion of the last CR-3 surveillance in 1987/1988, several years before the
Reg. Guide was issued. A brief review was made for Florida Power Corporation to
compare Revision 0 of the Regulatory Guide as issued in 1990 with the earlier
draft version of the document dated 1980. This review concluded that the
construction of the curves was very close to the latest requirements of the new
Reg Guide version but not exact. G/C kept the CR-3 tendon program reasonably up
to the requirements of the two Reg Guides as they evolved through the 1980’s,
since our engineers were actively involved in on-going issues. However, FPC was
not committed to this version of the Reg. Guide for the fifth or prior
surveillances.

The original tendon stressing sequence is known and was used in the latest
calculation of the Normalization Factors. Calculations for the normalization
factors (NF) all are a function of the original stressing sequence, the lock-off
force at original stressing, the average original tendon lock-off force, the wire
stress relaxation and the calculated elastic shortening loss, as well as other
specific considerations for the CR-3 plant. Each factor was calculated at the
time the individual tendon force curves were generated for inclusion into the
surveillance procedure, and each NF is printed on every individual tendon force
curve. A separate force curve has typically been prepared for each selected
tendon, its adjacent tendons and some alternate tendons. Each curve represents
the summation of all predicted losses resulting from elastic shortening, stress
relaxation, creep and shrinkage. There are calculations which provide the
equations used for the CR-3 normalization factors. The expression for the basic
normalization factor used for CR-3 is as follows:

NF, =

a F', * [(N-2n + 1)/2N] + F,(0) *[(Fag (0)/F; (0)) -1] * [1 - Sr(t)]
Where,

NF, is the normalization force factor for a particular tendon in Kips.
F',, s the total elastic shortening force loss for the particular tendon.
N is the total number of stressing sequences for the tendon group.

n is the stressing sequence for the particular tendon.

F.(0) is the lockoff force for the specific tendon at original stressing
Fagl0) 1s the group average lock-off force at original stressing.

Sr(t) is the wire relaxation (%/100) at time t, from test data.
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b. Use of Normalization Factors.

The trending curves as presented in the Engineering Report as Figures 6.1, 6.2
and 6.3, were prepared new for this surveillance period as a formal method of
addressing Reg. Guide 1.35, Section 7.1.6. As such, the curves had never
before been reviewed by the NRC.

Typically, the average liftoff force, as measured (not normalized) is plotted
on the individual force curves where it can be readily compared with the
predetermined values of base, 95% base, and 90% base as required per Reg.
Guide 1.35. The surveillance procedure was revised so that this comparison
could be easily done by the contractor and allowed for the decision for
additional required work on adjacent tendons to be made within the
requirements of the surveillance procedure.

The approach taken on the new trending curves was to take the measured 1iftoff
values for each tendon group and to add the normalization factors as shown on
Tables 6.1, 6.2 and 6.3 (see pages Al, A2 and A3 of Appendix A to this study).
Based on the small number of data points, it is believed that it is more
conservative to include the data in a normalized manner than based only on the
measured results. To illustrate, suppose that the small sample of dome
tendons as selected on a random but representative manner all had very high
negative normalization factors and the normalization factors were ignored in
the trending plot. Then the plot of measured liftoff values would show a non-
conservative trend line plotted higher in the vertical scale than that of the
normalized data. By using the normalization factors, this small sample bias
is eliminated and is representative of the average force condition for the
inspected group.

Another concern raised by the NRC is with the average values used for the
plotting of the trend curves. At the time the original plo*s were prepared,
all data points from the individual tendons were tabulated on Tables 6.1, 6.2,
and 6.3 and normalized averages computed for tendons in each surveillance
period within a group. Plots were prepared by plotting the averages and using
the regression feature of the program to determine the trend line. The
resulting curve was compared against curves also prepared from best fit
curves using all the data points. This was specifically done at the time of
initial issue as a means of checking the best fit curve to be included in the
Engineering report. The results at that time indicated that the averages used
for the plots as presented were representative of the data and that there was
no significant difference between them and the plots using all data points.
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To further review and study the recent NRC concerns, the data in the Tables
and Figures has been re-tabulated and is attached for review. Revised Figures
were prepared to review the affect of using the normalizing factor vs.
omitting it; as well as averaging the data vs. using all data points. The
curves were prepared using similar scales allowing comparisons to be made
between them.

Curves representing the reworked data are attached as an Appendix and include
the following:

Dome Tendons
Figure 6.1 Normalized averages of liftoff data.
Figure 6.1 Rl Normalized data, all tendons data points.
Figure 6.1 R2 Not normalized averages of liftoff data.
Figure 6.1 R3 Not normalized all tendon data points.
Table 6.1 RI Averages for measured liftoff data.

Hoop Tendons
Figure 6.2 Normalized averages of liftoff data.
Figure 6.2 Rl Normalized data, all tendons data points.
Figure 6.2 R2 Not normalized averages of liftoff data.
Figure 6.2 R3 Not normalized all tendon data points.
Table 6.2 R] Averages for measured liftoff data.

Vertical Tendons
Figure 6.3 Normalized averages of liftoff data.
Figure 6.3 Rl Normalized data, all tendons data points.
Figure 6.3 R2 Not normalized averages of 1iftoff data.
Figure 6.3 R3 Not normalized all tendon data points.

Table 6.3 Rl Averages for measured liftoff data.
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COMPARATIVE RESULTS

Comparison of Averaged data vs. All data points, Normalized
Dome Figures 6.1 vs.

6.1
Hoop Figures 6.2 vs. 6.2
Vertical Figures 6.3 vs

R1 Same Tinear slope.

R1 Same linear slope.

6.3R1 Curve with all data points
slightly lower

Comparison of Averaged data vs. Al]l data points, Not Normalized

Dome Figures 6.1R2 vs. 6.1R3 Same linear slope.

Hoop Figures 6.2R2 vs. 6.2R3 Same linear slope.

Vertical Figures 6.3R2 vs. 6.3R3 Curve with all data points
slightly lower.

The conclu:ion from the above two comparisons is that there is no
significant difference between the plots of the average values vs.the
plots of all the data points for tendons in the group. This was true
whether the normalization factor was used or not

The results from comparisons of normalized versus not normalized data are:

Comparison of Normalized vs. Not normalized Data, Averaged Liftoffs.
Dome Figures 6.1 vs. 6.1R2 Lower slope without normalizing factor
Hoop Figures 6.2 vs. 6.2R2 Slightly lower slope with normalized
data
Vertical Figures 6.3 vs. 6.3R2 Slightly lower slope without
normalizing factor

Comparison of Normalized vs. Not normalized Data, Averaged Liftoffs.

Dome Figures 6.1R1 vs. 6.1R3 Lower slope without normalizing factor.

Hoop Figures 6.2R2 vs. 6.2R3 Lower slope with normalized factor.

Vertical Figures 6.3R1 vs. 6.3R3 Slightly lower slope without
normalizing factor.

The conclusion from the above two comparisons (with vs. without normalization
factors) 1s not consistent among all groups of tendons. The dome and vertical
groups show lower slopes on the curves without normalization factors, while the
hoop group shows a lower slope on the two curves where the normalization factors
have been included
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CONCLUSIONS

The use of the average point representing all data points from individual tendon
measured liftoffs does nct affect the results as presented. Mathematically, the
best fit curve is not significantly different than the same curve generated using
all data points.

The approach taken on these new trending curves was very similar to the approach
taken for the comparison of average normalized liftoff forces with the minimum
required prestress levels for the CR-3 containment (per Enclosures 40 and 41).
That comparison has essentially been in place since the first surveillance.

Based on the review of the additional force curves for the dome group, the lowest
force occurring out at 40 years after SIT is on the curve using all data points
and without normalization factors. A difference of about 60 kips exists between
the normalized vs. not normalized points. See Figures 6.1R1 vs 6.1R3.

For the hoop group, the lowest force occurring out at 40 years after SIT is on
the curve using all data points with normalization factors. A

difference of about 30 kips exists between the normalized vs. not normalized
points. See Figure 6.2R1 vs 6.2R3.

For the vertical group,the lowest force occurring out at 40 years after SIT is on
the curve using all data points and without normalization factors. A difference
of less than 20 kips exists between the normalized vs. not normalized data making
this an insignificant difference. See Figures 6.3R1 vs 6.3R3.

Note that the comparison Figure generated by the NRC in the Reference 4 response
varies from the attached figures since the NRC example curve starts in year 1 on
the log scale. The first surveillance period for CR-3 actually starts later on
the log scale for each tendon group. The corrected NRC figure would be
comparable to the attached Figure 6.1 R3 and the results are basically the same.
In all cases, the plotted trends are well above the required minimum prestress
levels for the plant. Projections out at the 40 yr.point are still well above
the required minimum prestress levels for the CR-3 containment

L; Discuss Appendix B of the CR-3 Engineering Report

The information presented in Appendix B of the Reference D Engineering Report is
based on the overall results of the surveillance. As part of Surveillance
Procedure, SP-182, Rev 11, the contractor was required to record the actual
measured liftoff forces for each tendon (average of both ends) on each individual
force curve and on Enclosure 4] of the Surveillance Procedure. Once the entire
group was completed, a normalized average of the tendon forces was calculated and
conpared with the minimum required prestress force as determined from an original
design basis calculation for that tendon group. This procedure has been in place
since the first surveillance and was left in the procedure for this past
surveillance since FPC compliance to the latest Reg Guide 1.35 Revision 3 was not
fully established or accepted by the NRC.

Normalizing factors necessary for the completion of Enclosure 41 were computed by
engineering and presented in Enclosure 42 of the Surveillance Procedure. The
calculation of the normalization factors was completed just prior to the
surveillance, when tendons were selected, the force curves were generated, and
the surveillance procedure was revised and updated to be in compliance with Reg
Guide 1.35, Revision 3. During the surveillance, an additional tendon was
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selected for evaluation which was not previously scheduled for the surveillance,
therefore requiring the addition of another normalizing factor on Enclosures 41
and 42 of the Procedure. Also, during the surveillance, minor errors were
discovered on some force curves which affected the normalization factors. Since
none of these additions or corrections had any affect on the actual field work,
it was not necessary to revise the surveillance procedure to correct the
Enclosures at that time. The correction was held for documentation in the final
Engineering Report, along with other data and field deviations being
dispositioned as a result of surveillance effort.

The presentation of the revised Enclosure 41 and 42 as shown in the Engineering
Report, Appendix B, Pages 2 and 3, was made only to formally document the
revision as it was a deviation from the Surveillance Procedure, Revision 11 as
used by the Contractor. The revised information was also factored into the
contractors report during the review process for that report. The explanation on
page 1 of Appendix B provides a brief summary based on the above discussion.
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4. Request for Clarification of Responses to RAI’s and telephone discussions
with the NRC.



TABLE &t R
SUMMARY OF DOME TENDON FORCES THROUGH FIFTH SURVEILLANCE
SORTED BY SURVEILLANCE NO. / TENDON NO. @ P9
) %9 16 PM
Mcasured Lower Limit * | Lower Lim#t Measured Mcasurcd Nommshzing | Normalzed Mnmum
LA Off |Surveillance] 95% Basc per |per Tech. Spec. vs. vs Facior Foree Reyuured
Number | Reg. Guide 135 Reg. Guade Tech Spec NF 3+9) Avg Force
(Kaps) (Kaps) (3-5¥5 X 100% | 3-6)6 X 100% (Kaps) {Kips) (Kaps}
5 6 7 8 ] 10 1"
159 i 1351 124% [1E] 73 11 in 1215
1644 i e 1249 B ns 2% 1672 1213
1511 i 1463 1243 33 ne 141 e 1218
1524 1 17 1249 10 neo . " 1215
1513 i s 1249 [T 211 86 an 215
1se2 i 1401 1245 s »1 o 149 ms
st = 3 P 2 s AR R m [T &

.47 2 13% im ns ns -53 15% s
1587 2 e 149 126 7 - 1485 1218
1594 2 5.3 1249 "s e R 1 (335 1215
132 2 129 1249 s n2 ”» 154 1215
1481 2 125 e se 7o » 1520 s

Aoge o i g s Sou e 9 B 1 i< RS :»:‘;’i;-m
130¢ 3 ” 1249 59 LR ] » n» s
133 3 ¥, 23 1249 33 71 L] 1954 21
15 3 un 1249 u7 Iis »n 1822 7
4% 3 15 i3s 196 4 1488 1218
1508 3 1295 ns -12 4% (P13

o m 5 FREY A SR B3 2 3 w
82 4 ¥4 %3 -1 Lo ms
177 < 775 11 is (¥, 218
1618 + 1375 177 »s 112 1508 218

(10 3 ¢ SEEEs B 5 © Aveeage i
15 1240 M9 s ns n 1545 215
1425 12% 1249 e i 1 1642 1215
s 124 1249 12 69 » 137 m’ms

142 % iz Avoiape B ed

1501 1S 202

. umwmhmmlwlmmﬁhw”lumm
specificd by R G 135, Revision 3 (Previous jower limits were sl approxunately 97% Basc )

fade IMOMES XIS

AR UL IELEEY"

1v a8eg

w
-
=
o
o
—
I’

=
w
=
=
(2]
—
©
o
=
-
5]
ey
<
——
o
L nd
°
-
<
L)
g
-
w
"
—
o
>

v Xipuaddy



$1-56904¢€

2 jusuyoelly
U0 LSS tuwoy Aaojenbay J4eaidony 'S ‘N

FPC — Crystal River Unit #3 FIGURE 6.1
.ndon Survei - P :
I‘(‘ndO",\"urve'“Gnke Program seses Avg. Al Forces in Surveilionce
Dome Group Trend of Losses G8900 Min. Required Avg. Force
TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
10

2 3 . 3 s ’ L

} — ¢+

1215 Kips

— et —
10/27/93 1 10 15 20
SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT)




(11S ¥314v SHV3IA) 00R3d JONVTIEANNS G3NG3HOS

Page A3

¢! i

¢
——t
— e

¥6/80/2

19
—— - e ———
& sdni GLZ!

Appendix A

4
"

0orl O

3
L )
A
O
™"

00G1 =
v

w

- 0091

(SaviA) ININIOVId INOQ 3I3¥ONOD 30 IV 39OVH3AY ¥ildv 3NU

gasso] jo puail dnoi 3wWo(]

azsog Bay paanbay U ceeeo ) : ,
AJUDIPSAING H SI0N0 4 $3333 ﬂ.mﬂ.;ﬂ,_/.._.\% m«..:,.“_@.‘nu).n:ﬂ,. ucpu )|
A 1’9 3¥NOU c# wun 1Ay [03sAI)

) 3

U, S Nuclear Regulatory Commission

3F0595-14
Attachment 2




TENDON FORCE (KIPS)

1600

1500

1400

1360

1200

FPC - Crystal River Unit #3
Tendon Surveillance Program
Dome Group Trend of Losses

TIME AFTER AVERAGE DATE OF

FIGURE 6.1 R2
eepes Avg. All Forces in Surveiilonce
——— Min. Requiwwed Avg. Force

CONCRETE DOME PLACEMENT (YEARS)

2 juswyoeily
§1-56%04¢€

i 10
2 3 . s . 7 . i 3 .
3 .\\ . Using Liftoft Averages. Not Normaized
= Phead
T
3 '\.\
3 .
] ¥
\\ ’
i >
-
) ®
: g2
+ s -+ + 1 t t Jo—faling >:
02/07/95 1 3 s 10 15 20 25 30 33 40 >

SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT)

FULE: DOMESORZ

uoissiuwo) Aioje|nbay J4eaiony 'S ‘n-



TENDON FORCE (KIPS)

1700

1600

FPC — Crystal River Unit #3
Tendon Surveillance Program

Dome Group Trend of Losses
TIME AFTER AVERAGE DATE OF C

FIGURE 6.1 R3

eeeer All Forces in Survedlance
Ga630 Min. Requwed Avg Fforce

ONCRETE DOME PLACEMENT (YEARS)

1 10
2 3 . Y . T 8 ® 2 s s
: u.ue-n—gnnm
»* .
-1 -
- 3 .
- ‘\
B \
1 : e A n
*
t \\
» -
i t
'\\
« N - \\
- . -

g 1215 Kips — - -
} i 3 e 3 + 3 3 i &
02/07/95 1 3 s 0 15 20 25 3 ¥» 0
SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT)

FILE: DOMEIDRY

¢ juewyoelly
#1-56%04€

uoiLssiuwwe) Auoje|nbay Jeaidny :§ ‘-

y xipuaddy

gy abeg



TABLE 82R1
SUMMARY OF HOOP TENDON FORCES THROUGH FIFTH SURVEILLANCE @ Feb 95
SORTED BY SURVEILLANCE NO. /| TENDON NO. o e a2 P
Ongwnal | Mcasured s"‘ah‘] Lower Lunt * | Lower Limd Measured Messured Normahzing | Normahzed | Mummum
Tendon Lock OIf Lt Off 95% Basc per |per Tech Spec vs vs Factor Force Reguired
Number Furce Force Number | Reg Guide i35 Reg Gude Tech Spec NF 3+9) Avg Force
(Kips) (Kips) (Kips) (Kips) (3-5)/5 X 100% | (3-6)/6 X 100% (Kips) (Kaps) (Kips)

L = = e e S S - - e A | 10 1)
13H10 1608 152e i " 1249 6 ne -7 1507 1725
1IHI9 1623 a8 1 nwn 1249 | ns by 1938 1252
17 1829 iy 1 11 1M ns ne st s 2
i3 1623 1608 ! 1341 149 93 ne L) 1087 172
oM 1653 1, 1 03 K} L5 2
A6H9 1867 483 | i % 1“3 1252
a7 1617 457 1 87 3] wn 125
avtHes 164e ek i 172 -2 1344 1252
SIHI 1615 1474 1 180 ] 152 1252
62N 1639 157« i %0 (3] 159 125

_ Awessge & T e & 3 ¢ oiis v ; Avomge | P33 )
1M 1852 ] 2 e i e Fo R - 150 s
1332 1833 s 2 1405 1249 e »0 53 155 152
1343 1841 i3 2 135 1245 s 27 » 1642 1252
MM 1621 155 2 1447 149 5 n? e 1497 1252
ISH2S 1626 4R 2 1454 1249 43 “s 40 13% 172
15148 1653 1822 2 1401 1249 0’ ¥ -53 1568 1%
404l 1599 548 2 191 1249 "3 ne 4 in 52
SIHI0 sl isn 2 1505 1 4% ne ol “n 12%2
SIH 160% s 2 149 18 13 n3 L 159 12%2
S1HYT 1600 1567 2 1335 1249 4 355 > 1853 n
o= 7] o T P E Pl N R e Avenge 1847
13H19 16823 e 3 1354 149 52 "o b 14 1252
13148 16 1540 3 s 1249 50 ns 26 152¢ 1252
MY 160 138 3 2 i o3 63 L e 1252
ISHAG 1600 458 3 1458 1249 e e? 42 13% 252
410 862 1544 3 L44s 1249 (%) ne " 1634 s
427140 1851 1400 3 “y 1249 16 i7a 152 1618 1%
46H10 1048 “n 3 1437 i 19 in3 40 “n 152
SIMIe 1601 1424 3 1460 1249 29 140 -0 13% 125
SIS 1581 1492 3 12% 1249 153 95 ine 1610 15
6IHM 1620 1546 3 1000 1249 s ns ” 1616 1252
Avangt ( 2 e e T P - Avenge. | s«\l- i e

o

00€D THIS LeVisranw

TYPeAl et 7A8CES

SH /o

¢ juswyoelly

oV 28eyg

b1-S6%04€

uoLssLwwo) Auojenbay aeajony S N

¥y Xipuaddy



Fie HOOPS XLS

TABLE s2R
SUMMARY OF HOOP ‘ENDON FORCES THROUGH FIFTH SURVEILLANCE - re
SORTED BY SURVEILLANCE NO. / TENDON NO 05 30 42 M
[ | Ongmal Mcasured Lower Lunst * | Lower Limg Mcasured Measured Normahzing | Normalzed Mummum |
Tendon Lock OH Lt Off Surveillance! 95% Basc per |per Tech Spec v vs Facior Force Reguired
Numbecr Force Force Number | Reg Gusde 1.35 Reg Guade Tech Spec NF 3+9) Avg Force
(Kips) (Kips) {Kaps) (Kips) (3-5)5 X 100% | 36)6 X 100% (Kips; (Kips) (Kips)
i p. k] T ) T v i % . w 1}
L ) 1436 . 1390 1249 7 166 T T ~ 2% |
1 3140 153} 1470 B 1407 1249 45 n? n 1423 1252
ety | w7 140 ‘ 1357 1149 ¥ Tk s e 1252 |
T Siwae | el T + 142 1249 21 e ™) 1341 1252
it | 1631 1362 . 1313 1249 16 96 o 1426 1252
L Avasge T i y—— 7T
3SHI 1640 1572 $ 1352 1249 163 239 ) 1591 1282
e | e 1560 5 1360 1249 TE] 49 12 1572 1252
ot | e 1425 5 1363 1249 30 1 12 11 1252
e | 16%0 1375 s 145 1249 48 01 n 119 1252
wond | 1667 1300 5 1402 1249 73 r 0 1268 1252
Prevv i T 1382 s 1378 12¢9 03 06 ] 1375 1252
ssHaT T T 5 17 1249 T R 3 wes | 12
o | 1624 1435 5 1351 1249 32 Y n s T
" Aveings 1480 A vunege M
) 1491 66 194

* Lower bmit values for Survaillance | through 3 were revised io represent 95% Basc valuc currcolly

spec tied b

yRG

i 35, Revision 3. (Previous lower hmts were al approxunaicly 97% Basc )

.

x>
LS
N
A

>
e
L
o
O
- o
3
®
=
L

4

LY o8eg

wJ
-
&
el
wn
—
v

|

UoLSS LWwoy) Aaojenbay Jeaany

v Xipuaddy



TENDON FORCE (KIPS)

FPC - (érystol RiverPUnit #3 FIGURE 6.2
Tendon Surveillance FProgram teeee Avg. All Forces in Surveillance
Hoop Group Trend of Losses S000 Min. Rogubed Aoy Forcs
TNEAFTERAVERAGEDATEG’CONCRETEWMJ.P[ACENENI(YEARS)
10

1
3 . R ) L] ? L L] i 3 .
1600 i
: Using Liftoft Averages, Normakized
.o Bl
-4 \\
1500 <
] i .\
1400 \
1300 -
1252 Kips - .
1200 -
-
1100 + : + + 4 p—p—t—
1 3 S 10 3 25 » 3

10/27/93
SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT)

p1-56904¢E

2 juauyselly
uoissiwwo) A403e |nBay Jea|dny ‘S ‘A

¥ xipuaddy

gy afeg



TENDON FORCE (KIPS)

FPC — Crystal River Unit #3 FIGURE 6.2 B
All Forces n Surverllance

Tendon Surveillance Program teser
Hoop Group Trend of Losses e o b
TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

i 10
r | 3 L ] s . 7 L) L] 2 L} . S
1700
.
B o '. Using Al Data Points, Normaiized
E
’ t
1600 - » .
" '
. i 3
* \\ L
1 = L o -
1500 = .
) . S 8 .
: . .
-3 \
1400 . e —
—‘ -
— ' \\
- .
1300 -
- 1252 Kips L e ’ ot
b 14 + N
12/08/94 1 3 s 10 15 20 25 30 3 4

SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT)

?1-56904¢€

uo LSS Lwwo) Auojenbay JeajdaN ‘S ‘N

¢ usuyoryy

ddy

v Xipua

6V ey



TENDON FORCE (KIPS)

1600

1500

1400

1300

1200

FPC - Crystal River Unit #3
Tendon Surveillance Program
Hoop Group Trend of Losses
TIME AFTER AVERAGE

FIGURE 6.2 R2

vg. All Forces »n Surveilionce
GOS80 Min. Required Avg Force

DATE OF CONCRETE WALL PLACEMENT (YEARS)

¢ jusuwyoe)ly

E

i 10
3 . 3 ] ® . 2 3 .
}
— u.unlwnmu
=~
\
- \\‘
. * \
F s
. 1252 Kips . . TR 4}_l
ﬁ

02/07/95

b !
¥

-

SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT)

8-4»

g4

s+

B

% 01V ofeg

P1-56504€

uoLssuwo) AJoje(nbay Jealony ‘S ‘n.’

y Xxipuaddy



TENDON FORCE (KIPS)

1700

1600

1500

1400

1300

FPC - Crystal River Unit #3
Tendon Surveiillance Program
Hoop Group Trend of Losses
TIME AFTER AVERAGE

FIGURE 6.2 R3

teres All Forces in Suivellionce
GO900 Min. Required Avg. Force

DATE OF CONCRETE WALL PLACEMENT (YEARS)

p1-G6504€

2 juewydely

=
-
i
E
o
X
=
=
o
<«
=
—
=
-
o
=
<
L ]
i
(%]
%)
C—
o
b |

i 10
s . ? ] . 2 M .
] Uning Al Data Points. Not Normaiized
— >
s -
~ . -
*
= ‘ *
J = .
\ '
-
i e S
3 . I
: ; R
3 . . \
R > B
. : \
= .
-3 L
L 4
: 1252 Kips - = x o | .
S <
o
: 4 =3
¢ H—14 + i 8=
02/07/95 ' 3 5 10 15 20 25 30 35 40 ?_)

SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT)

R
2
-



@

TABLE 63 Rt
SLﬂIlh&RY(];VERT“:ALfTENO(NIF(xN:ESIT“I)UG&lFEWTlSUEVEHJJUU:E
SORTED 8Y SURVEILLANCE NO. / TENDON NO. 2 Foo ¥
el
; s ol - 3 e s,
| Original Measured 1 Lower Limt * | Lowe: Limu Mcasurod Mcasured Normalizisg | Nermalized | Muvosum ‘
Tendon Lock Off | Lt Off |Survesiiance| 95% Bascper |per Tech Spec vs ve Foice Requiurcd
Numbcr Force Force Number Reg. Guude 1 35 Reg. Cuide Tech. Spex G3+9 Avg Force
- (Kips) (Kips) Kips) Kips) | O-5VS X 100% | 3-66 X 100% (Kips) (Kips)
i 2 3 4 S 6 7 X 10 3]
T390 : 7] 1349 ) k) n 812 1149
s : 1458 1249 e Y N ™ T
e e | ) T 1245 37 %7 » 7™ m_i
1% ] 1436 1249 w7 73 » 1551 1149
1y%e : 7™ 1249 ') ] « 1599 i1ee
[ 1878 | 1465 1349 s 43 . 1682 1149
1719 1 1563 1248 Y e P 617 T1e8 |
1653 > % 1687
1718 2 1516 12e8 TE) e s- 1604 1149
1740 2 1487 1248 194 w3 ‘ el 1w
T 2 1497 1248 55 2% » 1547 1149
1568 2 a7 1249 ') 5e x ™) T
= 1683 2 [P 1249 167 " ) 1708 1149
= 1707 ) 1561 1248 e 7 0 1608 1149
T ? 1524 1249 10 %3 | « 1568 114
16l : pre: T
119 3 s 124% "ws 33 -0 1o 1149
s SR 1397 1249 17 e & 178 1149 |
[ e | 3 1481 1249 103 1] 9 oo 114
&= 1575 3 Lews 12¢8 Y w1 Y] 1548 e
T ises ol T 1348 70 3 s 1560 1ies
T 119 ' worl 1243 57 216 n 15¢2 1149 |
iDe 150
1538 P 1454 1249 56 ns e 1523 1149
PR, — PEE— —
823 . iz 1249 49 »5 4 0 1149
i
P . 1 1249 e 39 T} 1661 1149
. 1002 1.7
19% 1499 1249 1es 3 7 197 L9
N | e 1249 75 na 13 1954 1148
e (O S T wnl e I8 1 2 1561 )
Ty 15
- 194 S L___-___-_,A MR w3 »12

Lower himd values fo

spes icd by R G

¢ Surveiiance | theough 3 were revised o represcat 95 % Base valucs cusrcatly

I 35, Revisson 3 (Previous lower lumits were ot approssmately 97% Basc )

v afeg

-
-

pi1-G6904¢

¢ juswyoelly
uoiLssitwwoy Auoje(nbay Jea|anN 'S ‘N

v XLlpuaddy



FPC — Crystal River Unit #3
Tendon Surveillance Program
Vertical Group Trend of Losses

w
g
w
s
—
L

:
g.

FIGURE 6.3

evesee Avg. Ali Forces in Survenilance
GO0 Min. Requied Avg force

DATE OF CONCRETE WALL PLACEMENT (YEARS)

TIME AFTER AVERAGE

2 3 "

R CTRE T TR T A .

T O e e T

TENDON FORCE (KIPS)

TR N, (SRS RS

1149 Kips

| T Tl N

12/8/7¥

P
-
w
g.
o
o
‘
g
—
-
Lo
g
~
g
-t
w
w
-
(=]
3

3

-

3 -
y xipuaddy

g1y affeg

SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT)



FPC — Crystal River Unit #3
Tendon Surveillance Program
Vertical Group Trend of Losses

TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

2 judwydeyy

FIGURE 63 Kl

reees All Forces n Survedlance
90980 Min. Requwed Avg Fforce

ek

i 10
H - 3 . S L] 7 L3 - 2 3 .
1800 . t 3 —
) . Using All Data Points, Normakzed
: - £l
-4 »
o * . .
: “"\\\ ]
1600 - : \ *
-
- d
.
7y : ’ * N‘\\'\N\
e Waer -
x "
s 3
m -
S 1400
- 3
O 4
o =
z ) .
fat
L 3
-
1200 :
4 1149 Kips [ o - = 4
1000 - ~-b- + 1y } $ —t—t L—+—— i
12/08/94 1 3 5 10 15 25 30 35 40 i
SCHEDULED SURVEILLANCE PERIOCD (YEARS AFTER SIT) 2
&

b1-§6504¢

uoLSs o) A4oje(nbay Jealony ‘§ .’

¥y Xipuaddy



w
"
B
o
S

> <
o -
e
= wv
e -
-
3 =
) -~
3 O
— -
®
o =~
-
=
o
el
e
p—)
&
g
o
- .
<
=
[,
=
-
-t
v
wv
(=
p

Crystal River Unit #3 FIGURE 6.3 R:
eilllance Progran eeees Avg. All Forces i
ITrend of lLosses Min. Requiwed Avg
[IME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEAR
3 . s L} ¥ e L

—

1800

Using Utioff Averages Not Normakzed

1149 Kips

¥y xipuaddy

L o 1
1000 - +
02/07/95 3
CHEDULED SURVEILLANCE PERICD (YEARDS AFTER SIT)

VERTIONLY




TENDON FORCE (KIPS)

1800

1600

1400

1200

-

FPC — Crystal River Unit #3
Jendon Surveillance Program
Vertical Group Trend of Losses

TIME AFTER AVERAGE DATE OF CONCRETE

FIGURE 6.3 R3 "

tesee All Forces in Survesiance
——— Min. Required Avg force

WALL PLACEMENT (YEARS)

1 10 :
2 3 ‘. | . 3 N s
: - ] ] l :
R . Using Al Data Points. Not Normahzed
. -
- H
4 - *
: .\\ * - g
g *\> *
- i .
- . N
- - \
e r"\"
4
n -
-
T 1149 Kips [ - A
4
. o
¢ +H—4 + e %
02/07/95 ' 3 s 0 15 0 25 30 3 >
o

SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SiT)

i€

!-

2 Jusuydry

¥y Xipuaddy

4
“
E
bl
=
‘
©
D
o
<
—
&
-
(=3
|
<
o
i
w
v
-
=
S




