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FCS-14771
Contract N00821AD, WA048

Mr. W. W. Nisula
Contract Manager
Florida Power Corporation (NA I B)
15760 West Power Line Street
Crystal River, FL 34428-6708

Attention: Mr. J. Lese Re: Crystal River Unit 3
6th Tendon Surveillance Force Curve
Calculation

)

Dear Mr. Nisula:

Please find attached calculation S-95-0082 Revision 1, which documents the generation of the
tendon force curves to accommIodate the tnprpoed inspection date of early March 1997.

Included are disks with related electronic files used in the preparation of the data and force curves.

Should there be any questions please feel free to contact Dr, Samir Serhan at (610) 855-3209.

Very truly yours,

Samir J. Serhan, Ph.D., P.E.
Supervising Engineer

Roy W. Adler
Project Manager
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1.0 PURPOSE AND OBJECTIVE Fe CR3C6TSP.DOC (Word 6.0)

The purpose of this calculation is to provide tendon force curves for Florida Power Corporation for the
Crystal River Unit 3 facilityin support of the upcoming 6th tendon surveillance period scheduled for the Fall
of 1997. Specific tasks to be performed as part of this scope include the following:

A.) Determine the predicted tendon losses and develop force/time curves for each of the selected tendons for
the upcoming sixth surveillance period. Generate the tendon force curves for the selected tendons, the
tendons adjacent to the selected tendons, and alternate tendons. Alternate tendons are tendons not
specifically scheduled for this surveillance but force curves are prepared to be available in case a
substitute tendon should be required during the surveillance. In addition, force curves for a group of
tendons deferred/exempted from the previous surveillance will also be prepared. These are discussed in
detail in Section 5.0.

B.) In addition to the force curve development, other calculations which are required to support Enclosures
included within Surveillance Procedure SP-182 will also be prepared within this same calculation.

2.0 DESIGN INPUT

) Design input information has been reviewed and is included as Attachment A to this calculation. Note that
there are no significant changes to the basic criteria and related documentation which address the licensing of
the CR3 plant with respect to the tendon surveillance program. The previous surveillance efforts completed
various studies and addressed the CR3 tendon program and its' compliance with U.S. Regulatory Guide 1.35,
Revision 3, since it was formally issued in July 1990. Based on FPC licensing efforts and Technical
Specification revisions performed at the time of the last surveillance period, as well as recent discussions with
the NRC, FPC has now committed the CR3 tendon surveillance program to be performed in accordance with
U.S. NRC Regulatory Guide 1.35, Revision 3 (Reference 3).

U.S. Regulatory Guide 1.35.1, Revision 0 (Reference 4) is a daughter document referred to by the above Reg.
Guide and deals specifically with the calculation of individual tendon losses and the generation of tendon force
curves. While calculation efforts for the CR3 tendon force curves have followed closely with both of these
Regulatory Guides as they evolved through the 1970's and 1980's, the format and current procedure for the
preparation of the force curves is not in exact compliance with Regulatory Guide 1.35.1 Revision 0 as issued
in 1990. The method and approach used in the generation of the CR3 force curves is superior to that of the
Reg. Guide in that a specific curve is generated for each individual tendon. Based on the discussions held with
the NRC and the results of their review, the method and approach used for these calculations shall be the same
as used for previous surveillances. See the Attachment A information for further discussion and references to
recent correspondence and documentation with the NRC on various issues related to the tendon surveillance
program.

Applicable Technical Specification sections, as well as FSAR sections were also reviewed for this effort.
They support the position noted above on the FPC commitment to R.G. 1.35, Rev. 3 and are discussed and
referenced within the Attachment A information.
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3.0 COMPUTER CODES

This calculation package is being prepared using Microsoft Word, Version 6.0 and Microsoft Excel, Version
5.0. Spreadsheets from earlier surveillance efforts were prepared using Lotus 123, Release 2.01 and 3.0 and
were converted to Excel format for this calculation. All input and calculations are manually checked and
verified, therefore, verification of computer programs is not applicable or necessary.

4.0 ASSUMPTIONS

Any assumptions made are noted and contained within the calculation package. None require future
confirmation.

5.0 SCOPE AND TENDON SELECTION

Tendons were selected for the sixth surveillance period in accordance with the requirements of Reg. Guide
1.35, Revision 3 and using the same methodology as was used in the past surveillance. Basically, a random
but representative sample was selected and checked at the site for accessibility. Specific criteria used for this
selection process is summarized as follows:

Tendon Selection Process

The tendon selection process has remained the same as that completed for the last several surveillances where
a random but representative sample is selected for inspection and testing. The intent is to get as many new and
never tested tendons in the sample population, but still keeping one control tendon from each major tendon
group to be investigated in each surveillance. Note that this current method differs from methods used during
the early life of the plant where some tendons were repeated for inspection every third surveillance. Basically,
the selection criteria and process used considers the following:

1.) Select tendons based on Reg. Guide 1.35 Revision 3
Based on the good results of prior surveillances, the Reg. Guide requires a minimum of II tendons to be
inspected, including 5 hoop, 3 vertical and 3 dome. Tendons should be selected which were never
previously inspected or tested. Previously detensioned and retensioned tendons should not be included
(unless there is a specific need to investigate the tendon per item 3 below). In addition to being selected at
random, tendon selection should be representative of various areas and conditions. For example, the hoop
tendons selection was based on random selection but also considered what tendons were inspected in the
past and in what hoop area. A plot of previously inspected hoop tendons was prepared to track tendons
inspected by grouping (i.e. 13's, 42's, 35's, 46's, 5 1's, and 62's). Therefore, the selection process
considered those sections not equally represented by as many tendons as completed within other sections
from prior surveillances. See Attachment J for various plots and information of the hoop group. The
same procedure was applied to the dome group (i.e. 100's, 200's & 300's groups) and to the vertical
group (i.e. 12's, 23's, 34's, 45's, 56's & 61's & quadrants). See Attachment D for groups information.

am RET: Life E Pb RESP: Nudear Engineering
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2.) Maintain Control Tendons to be completed each surveillance.
The Reg. Guide also requires a control tendon from each group to be inspected every surveillance for
comparative purposes. CR3 has not had control tendons since the first surveillance. The concept was
introduced probably in the fourth surveillance. Tendons D212, 12VI and 5 1H26 were probably the
original control tendons since about the time of the fourth surveillance. They were intended to be
inspected during the fifth surveillance but the group of tendons selected was based on the surveillance
being performed during an outage. FPC decided to complete the 5th surveillance during normal plant
operation and the original tendons selected were affected because many tendons were located within the
area of the plant steam vent zone. This included the above three control tendons, and three new control
tendons, D215, 34V6 and 46H29 were selected for completion of that surveillance. A problem with
46H29 during the 5th surveillance forced the selection of another control tendon, 46H21, for the hoop
group. New control tendons may need to be selected periodically if the tendon has a problem and is ever
detensioned and/or retensioned. As earlier surveillances on CR3 did repeat some tendons, the selection of
these other control tendons was easily done from several good candidates. New control tendons should be
selected from those previously inspected as far back as possible and cannot be one previously detensioned
and/or retensioned. A tendon inspected in more than one prior surveillance is preferred.
Based on the above, it is recommended that both of the above two sets of control tendons be used by FPC
as control tendons, with one set of three to be utilized in the 6th surveillance during a plant outage, and for

) the other three to be used in any future inspections scheduled to be performed on-line.

3.) Consider any tendons with problems or abnormal conditions as reported by plant personnel.
Any leaking tendons or tendons with any reported problems should be considered within the scope of the
surveillance. Also, past inspection reports and records should be checked for open items,
recommendations, or noted problem tendons.

4.) In the selection of tendons for detensioning, (one per group is required per R.G.) consider the number of
effective wires as recorded in the tendon history sheets and summarized in the effective wire summary in
Attachment D to this calculation. As any tendon is to be considered ineffective if it has less than 155
effective wires per the FSAR, it is therefore not desirable to select a tendon with many missing, cut or
ineffective wires. Unless there was a specific need to detension that particular tendon, doing so could
therefore render the entire tendon as out of service. Only a maximum of 3 tendons are allowed out of
service at one time per criteria in the FSAR.

5.) The reduced force dome tendons are not normal candidates for normal liftoff testing per SP-182,
Enclosure 8.

6.) Tendons adjacent to the selected tendon may require testing and should also be feasible to inspect and test.
Adjacent tendons in the dome should not include any reduced force dome tendons. Jump to the next
regular dome tendon for the required adjacent tendon. Also, adjacent tendons of the lowest hoop tendons
(# 1) shall be considered as the two directly above the selected tendon. Adjacent tendons of the highest
hoop tendons (#47) shall be considered as the two directly below the selected tendon.

) 7.) One alternate tendon should be selected from each group, and the two adjacent tendons of these alternates
at least considered for possible inclusion.
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In addition to the above selection criteria, there are several other factors which have influenced the scheduling
of actual field. inspection and testing. These include:

A.) Steam Vent Zone -
Plant steam venting can impose a safety hazard to personnel during plant operation and early modes of
shutdown. Tendon work in the range between 0 and 120 degrees is affected during plant operation by the
potential steam venting of the plant. Tendon work in this area must be held off until the potential hazard
is eliminated or other approval is obtained from plant operations. Note that for the fifth surveillance per
FPC operations, this even includes the outside tendon caps of the affected butresses at 0 and at 120
degrees.

B.) Fuel Pool Area -
Work over the fuel pool can only be performed while missile shields are in place. (Nureg 0612 reqmt.)

C.) Plant Interior Work -
Work inside some plant areas is difficult due to access problems, high radiation areas, interferences, ram
accessibility, etc.

DeferredlExempted Tendons

After the tendons were selected for the fifth surveillance for an outage surveillance, it was decided that the 5th
surveillance would be completed during normal plant operation. A group of tendons originally selected for
inspection during that surveillance had to be exempted from that surveillance due to their proximity to the
main steam vent zone and the associated hazards with working in that area. FPC discussed this issue with the
NRC and has documented the following 8 tendons as deferred tendons:

W96 RET: Ut. at PIai~t RESR Kuctear Enginwtn
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Dl 15 Never inspected in any surveillance.

D212 Inspected in Surveillance 3 and 4.
Considered as Control Tendon for outage condition.

D311 Never inspected in any surveillance.

12V1 Previously included for liftoff testing in the 3rd and 4th surveillances.
Considered as Control Tendon for outage condition.

42H44 Never inspected in any surveillance.

511126 Previously included for liftoff testing in the 3rd and 4th surveillances.
Considered as Control Tendon for outage condition.

53H46 Never inspected in any surveillance.

62H46 Never inspected in any surveillance.

As FPC has conunitted to the NRC to address the above tendons within the upcoming 6th surveillance, these
tendons were considered in the scope of this calculation. The 6th surveillance is scheduled to be completed
during an outage. Since three of the above exempted tendons were also previous control tendons, it was
considered that these tendons can again be used as control tendons for this surveillance instead of the 3 control
tendons used in last surveillance (when the surveillance was done on-line). Therefire, the three exempted
control tendons can be considered as three of the 11 tendons required per Reg. Guide. A total of 16 tendons
should be inspected during the surveillance with three additional alternates selected. Note however that the
scope of this calculation will include force curves to be regenerated for the other control tendons, D215, 34V6
and 46H21.

A complete historical record of all tendons included in all prior surveillances, along with the list of selected
adjacent, exempted and alternate tendons which are planned for in the 6th surveillance is provided on the
following Table.

)

)
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.......... C3 TENDON SURVEILLANCE HSTORICAL RECORD .... **.**.

TENDONS INSPECTED THROUGH THE 5TH SURVEILLANCE & PLANNED FOR IN 6TH SURVEILLANCE

S-Sep-97
FILE-CR3R6TSP.XLS

* PLANNEW.

SURVEILLANCE PERIOD iST SURVEILLANCE 2ND SURVEILLANCE 3RD SURVEILLANCE 4TH SURVEILLANCE 5T11 SURVEILLANCE 6 6Il SURVEILLANCE

11/27/77 TO 2/9/78 3/51/80 TO 5/9/80 9/291'1 TO 12/7/81 9/15/87 TO 11/17/87 11/93 TO 1/94 * FALL 1997 PRIOR

YEARS AFTER SIT 
TENDON INSPECTION

SIT 11/76 1 YEAR 3.5 YEARS 5 YEARS 11 YEARS 17 YEARS , 21 YEARS , SUMMARY DATA

REQUIRED TO INSPECT 21 TOT-10I1,6V,SD 21 TOT-1011,6V,SD 21 TOT-l0IH6V,5D i1 TOT-51,3V,30 I I TOT-51t3V,3D II TOT-5.1V,3D .S TOl-401),24V,21D

ACTUALLY INSPECTED 23 TOT-1081,7V,6D 22 TOT-101LV,5D 21 TOT-10II,69,SD II TOT-5H,3V,3D 14 TOT-811,3V,3D INCL 8 DEFERRED 91 TOT-43H,26V,22D

SP BASIS SP-5$83. SP-5909 SP-182 SP-182 SP-12 SP-182 TOTAL = 16

SP-395, SP-6456 REV- REV 4 REV 7 REV 10 & 11

G/C REPORT DATE 3/27/80 & 4/80 5/80 5119/n2 3/10/88 5/94

DOME TENDONS D139 D122 D123 D10S D D215 PRC D212 R.CE 22 DOME TENDONS

123 TOTAL D215 0140 D215 R D212 B.C D231 D D304 D INSPECTED

3 GROUPS OF 41 D221 " D203 D 0 1212 D3215 D724 A ,Din TO DATE

DIM00S, D200, D300'S D228 0323 D322 D DI15 E

D234 D331 D329 D311 s

D340 
D131 A

VERTICAL TENDONS 12Vi9 12V12 12VI 12VI RC 34V6 P.C 12VI RCE 26 VERT. TENDONS

144 TOTAL 12V20 12V20 R 34V6 R 34V4 56VI 0 D 6IV21 D INSPECTED

6 GROUPS OF 24 12V21 z3V5 34V19 D SOV2 D 61V14 23N'2 TO DATE

12, 34, 56, 23,45,61 23V15 34V1 45V16 61VI0 A

34V6 45V6 56"VI

45V3 0 56V20 61VS

56V1 56V1I D,R

I IORIZONTAL TENDONS 131110 131122 131119 R 131120 35111 ,11H26 R,C,E 43 11001, TENDONS

282 TOTAL 131119 13H32 D 13H46 13H40 D 42111 421119 INSPECTED

6 GROUPS @ 47 IIGH 131137 13H43 423120 511126 R 461121 C(Ncw) 42102 TO DATE

13.24,35,46.51,62 131147 311110 421140 511141 461128 ADJT 421144 E

3 1ENDONS PER IIOOP 511111 511123 511126 461119 461129 KC(ICd),D 621122

62119 51H37 51"145 461130 AD]. 621141 0

461121 53H124 531135 461147 D *6211446 E

461129 531128 533440 62111 531146 E

461337 I) 531144 621134 53H12 A

TOTAL TENDONS = 549 461146 461142 461110 D

TOTAL INSPECTED 23 22 21 11 1416 + 3 ALT. . 91TOTAL

INSPECTIED
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6.0 CALCULATIONS

6.1 General Background and Schedule Information

General Background

Tendon forces curves are to be prepared for the upcoming 6th tendon surveillance period at CR3. From the
basic criteria as presented in the Design Input Section, as well as from several discussions with Mr. Joe Lese
of Florida Power & Light, it was determined that the criteria for this surveillance period has not changed since
the last surveillance efforts. A review of Tech Spec and FSAR criteria confirms the FPC positions with
respect to the tendon program. Supporting work for this surveillance period will be based on the same criteria
that was used and accepted in the previous surveillance periods.

Tendon losses have been calculated in the past per the Reference 8, 9, 10 and I Idocumentation. Individual
tendon losses include the following:

& Force loss due to elastic shortening of the containment as a result of the prestressing process and the
particular sequence of tendon stressing.

a Force loss due to the stress relaxation of the tendon wires.
* Loss of prestress force due to the creep characteristics of the concrete structure.
* Loss of prestress force due to the shrinkage of the concrete structure.

Based on some earlier calculations made for tendon losses per the Reference 11 document, Lotus spread sheet
templates were prepared for tendon losses calculations for the 4th tendon surveillance calculations. See
References 9 & 10. These templates were reran and tested for their accuracy and validity for the fifth
surveillance. In addition, the procedure for the gathering of all input data was automated in the fifth
surveillance to the format presented herein. Numerous test cases were ran to duplicate force curves prepared
in the past. There were four master templates prepared for the fourth surveillance; one for the hoop tendons,
one for the vertical tendons, and two for the dome tendons. The dome tendons are divided into two groups;
one for tendons with an original stressing sequence below 27, and the other for tendons with stressing
sequences above 27.

Based on the work previously accomplished in the prior surveillances, new spreadsheets were prepared this
surveillance using Microsoft Excel for the collection of input data and for the calculation of tendon losses
needed for generation of force curves. The generation of the force curves was also automated this surveillance
by using Excel to plot the graphs. The organization of most data used for this calculation was setup into
Excel workbooks with subfiles built and included in each workbook. There is a separate workbook for each
of the three tendon groups and each one contains the following:

# Tabulated input data
* Original tendon stressing sequences.
* Effective wire summaries.
a "Original Stressing Data" calculations for SP-182.
a Separate files including each tendon loss spreadsheet, plot data and an individual force curve.

Additional information on electronic file names etc. used in this calculation is provided in Attachment K.

6195 RET: Life of Plant RESP: Nuclear Engineeding
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Schedule Information

The expected timing for the sixth surveillance is Fall 1997. A date of November 1, 1997 will be used as a
bases for determining the predicted values of base, 95% base and 90% base and labeling this information on
the force curves. This allows for field use and decisions to be made based on the requirements of Surveillance
Procedure, SP-182.

The scales of the force curves are based upon previous surveillance efforts. The x axis is a log scale in time
representing the time after average date of dome or wall concrete placement, in years. This scale is labeled at
the top of each curve. Force curves are plotted using the actual log scale points for the x axis (not the
scheduled surveillance years after SIT) versus the calculated tendon forces in kips on the y axis. The scale at
the bottom of the curve for scheduled surveillance periods after SIT are for ease and readability relative to
regular scheduled surveillances per Reg. Guide 1.35, Revision 3.

Most of the CR3 surveillances were performed on the regularly scheduled years, however, the 5th surveillance
was actually performed in the 17th year after SIT. Note that the containment Structural Integrity Test (SIT)
was performed in November 1976.

For the dome tendons force curves, the point on the bottom scale at SIT corresponds to the log scale at the top
of 2.5 years. Therefore, a corresponding log scale data point must be determined for curve plotting for the
period of the 6th surveillance.

Based on a date of November 1, 1997 for the Fall 1997 surveillance, the length of time between November
1976 (@ SIT) and November 1, 1997 is 21 years. Since the dome group at SIT is at year 2.5 on the log
scale, the 6th surveillance will correspond to (21.0 + 2.5) or 23.5 years on the log scale.

The same procedure must be performed for the hoop and vertical groups as they have different reference
points on the log scale for time after concrete wall placement. Both hoop and vertical groups are the same
with SIT corresponding to year 4.4 on the log scale. Therefore, the 6th surveillance period will correspond to
(21.0 + 4.4) or 25.4 years on the log scale. I

A vertical line will be shown on the force curves at the point of the next surveillance and the calculated values
of base, 95% base and 90% base representing points on the curves at that time will be included on each of the
curves.

em0 RET; Life of Plant RESP: Nuckm Engineedng
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Calculation S-95-0082 3

6.2 General Procedure for Force Curve Generation

The same procedure within the calculation for the preparation of the force curves for the fourth and fifth
surveillance periods will be followed.

6.2.1 Preparation of Data Input Spreadsheets

In each of the Excel workbooks is a data input file where data from source calculations and current tendon
history sheets has been tabulated. See DOMER3.XLW (DOMEINP), HOOPR3.XLW (HOOPlNP) &
VERTR2.XLW (VERTINP).

The compiled books of tendon surveillance historical information, as updated to include the results of the fifth
surveillance, provide key input data for the development of force curves. See References 12, 13 & 14. The
selected tendon history sheets related to this surveillance have been included herein as Attachment B of this
calculation. The Reference 11 calculation is essentially a source calculation for this procedure with the
Reference 8 & 10 calculations also providing information.

Notes and references related to the tabulation of the data on these spreadsheets are shown on the individual
) sheets. The data input tabulations are presented as the first sheet within the following Sections 6.3, 6.4 & 6.5.

6.2.2 Procedure for Determination of Individual Tendon Losses

The procedure for the tendon loss calculations, as derived from the reference documentation, is as follows:

1.) Calculate original force in the tendons

The original force in the tendons is determined as follows:

ORIG. FORCE = 0. 7 * FuLT * ActualLiftoff Pr essure 1xWireFactor
PredictedLiftoff Pressure_

Where:
f,, = 240 Ksi, typical for all CR3 wires.

Wire area = 0.07685 in2 per Appendix F of the Reference 11 calculation.

Fu1t (Kip Force)= Tendon Area (in2) x fwt (Ksi) = 0.05985 * 240

Tendon Area (in2) = Area/Wire (in2) x No. of Wires. (Considered by wire factor.)

Actual and predicted original liftoff pressures are obtained from Tendon History Sheets References 12, 13,
14, with those within the scope of this calculation attached in Attachment B.)
Refer to the Appendix F part of the Reference 11 calculation, for source data of above formula. The above
expression was used as the basis for the calculations for all the shop and field end forces calculated on the
Data Input Spreadsheets. This procedure does not apply to retensioned tendons.

6~5 
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Florida DESIGN ANALYSIS/CALCULATION
Power Crystal River Unit 3
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Page 12
DOCUMENT ODENTFICAON NO. RIEVSIO

Calculation S-95-0082

Note that the wire factor as shown in the various spreadsheets is a value representing the tabulated number of
effective wires over a total of 163. The number of wires is usually 163 unless cut, loose or considered
ineffective. The number of effective wires as recorded from the original installation is documented on the
tendon history sheets. The number of effective wires for each tendon has been updated, tabulated and
presented in the Effective Wires Summary for each individual group within Attachment D. This tabulation
was updated to include the results of all previous surveillances. It does not imply each of the tendons was
specifically checked for the numbers of effective wires as presented in the table. It represents only data from
the original records and as made available from surveillance records and subsequent inspections.

Note that the wire factor used is based on current information and is not based on the number of wires at the
time of original installation, therefore the original Force calculated may not be the "original force" in the
tendon back at that time. The effect of less effective wires lowers the curve vertically. This is insignificant at
the current time as the curve of interest wifl be correct for use at this time. Another method would have been
to plot the original value using the wire factor then and then to show a step down on the curve should a lower
wire factor occur at some point later on the graph.

2.) Calculate Elastic Shortening Losses

The elastic shortening losses are a function of the stressing sequence number for the individual tendon. In
addition, the tendon wire factors are also considered and used. The base expression used to calculate these
forces is the same as used in previous calculations and is already built into the basic spreadsheet templates.
AU the equations for elastic shortening were confirmed as being the same as established in prior calculations.
Based on the review of the procedure for calculating these losses, it is concluded that the existing templates
are still appropriate and correct with the additional input of stressing sequence data and wire factors to be
input for the current group of tendons for this surveillance.

Reference 10 & Reference 11 data and information on elastic shortening was included in Attachment E to
these calculations. See Attachment C for original stressing sequences for all tendons and see the Data Input
Workshects & Attachment D information for tendon wire factors and source data.

Elastic Shortening Losses for Dome Tendons

Note there are two expressions used for elastic shortening for the dome tendons depending on the stress
sequence numbers. For dome tendons in sequences 1 through 27, the Domelow template is used. For dome
tendons in sequences 28 through 32, the Domehigh template is to be used. This is because of the two separate
expressions used for the calculation.

Elastic Shortening Losses-
For Dome Tendons in Sequences 1 through 27-

N 27 Total Sequences
n = Sequence of particular tendon.

ffsRET:I. L09 PRant RtEV.* Nuclear Enginmftin
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Calculation S-95-0082 0

Force Loss due to elastic shortening = F&,

nx 82.7 + 75 x WireFactor

Elastic Shortening Losses-
For Dome Tendons in Sequences 28 through 32-

N 5 (Sequences 28 through 32)
n = Sequence number less 27

i.e. for sequence 28, n = 1
for sequence 29, n = 2
for sequence 30, n = 3
for sequence 31, n = 4
for sequence 32, n = 5

Fes = [N N nx 47.4- 13.71 x WireFaclor

The value for elastic shortening in kips declines as the stressing sequence increases. A review of the data for
the dome group shows that values for the dome group go from 154.6 kips for sequence I tendons down to 75
kips for sequence 27 tendons, and further going down to -13.7 kips for the last sequence, sequence 32. Note
that wire factor differences between individual tendons will cause the calculated result to vary slightly for two
tendons within the same stressing sequence.

Elastic Shortening Losses for Hoop Tendons -

N =60 Total Sequences
n = Sequence of particular tendon.

Force Loss due to elastic shortening =

Fles = x . x WireFactor

A review of the data for the hoop tendon group shows that the range of values for the calculated elastic
shortening go from 127.3 kips for sequence 3 tendons down to 0 kips for the last tendon sequence, sequence
60.

. 8195RET: Life otPlanI REWP Nuclear Engin~eering
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Calculation S-95-0082 o

Elastic Shortening Losses for Vertical Tendons -

N =31 Total Sequences
n Sequence of particular tendon.

Force Loss due to elastic shortening

[(N) x 73.5 x WireFactor

A review of the data for the vertical tendon group shows that the range of values calculated for elastic
shortening go from 71.1 kips for sequence I tendons down to 4.7 kips for sequence 29 tendons. There are a
total of 31 stressing sequences for the vertical tendons.

3.) Calculate Wire Stress Relaxation Losses

Wire stress relaxation, losses and the procedure for the determination of these losses for the 4th and 5th
surveillances are addressed in the Reference 10 and 11 calculations. The original wire relaxation curve, as

) provided by test data from the wire vendor forms the bases for wire relaxation loss values (See also FSAR
Figure 5-23). It was determined that the same procedures and figures as calculated in those prior calculations
are still applicable for this surveillance. Applicable data from the reference sources was attached and
included within this calculation as Attachment F.

Note that there were adjustments made to the original stress relaxation values from the vendor relaxation
curve to allow for some conservatism and for temperature consideration of 100 degrees vs. 68 degrees F.
Also, per the original design the wire factor or actual number of effective wires was considered as negligible
for these losses and was not included. Note that values for stress relaxation range between 40 and 50 kips for
the surveillance period for all three tendon groups.

4.) Calculate Creep Losses

Concrete creep calculations in the Reference I I document are attached in Attachment G. The losses are based
on the curve contained in the reference calculation. Creep values are different for each of the three groups of
tendons. For the dome tendons in the coming surveillance period, creep values are the same and are about 152
to 158 kips, hoop values are between 79 and 83 kips, verticals are 36 to 38 kips.

5.) Calculate Shrinkage Losses

Attachment H contains source information for concrete shrinkage from Reference 10, pg. II and Reference
11, cover page & Pages 13 & 14. The straight line shrinkage losses in micro inches per inch as calculated in
the above two references are still applicable for this surveillance period. Tabulated values from these
references were input into the dome, hoop and vertical spreadsheets. There are no additional variables or
considerations and the same values are to be used for this calculation. From a review of the output
information, the dome values are constant at 8 to 9 kips, hoop values are above 5 kips, verticals are also
slightly above 5 kips.

&W RET:. We of Pknt RESP: Nuw'ka Enginemkng
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Calculation S-95-0082 0

)

.)

6.) Total Losses

Calculated force losses for elastic shortening, wire stress relaxation, creep and shrinkage are added for a total
of all losses. Also, a percent of this total of all losses is calculated based on the original average force in the
tendon.

7.) Determine Predicted Forces for Base, 95% Base and 90% Base values

The original force less the total of losses calculated yields the base predicted value for the subject period of
surveillance inspection. The 95% and 90% values are then calculated based on the calculated predicted base
value.

8.) Normalization Factors

Normalization factors are calculated based on the expressions and the source article contained in Attachment I
of this calculation. This factor usually does not change much over the forty year time span of the calculation.
The base expression for the dome normalization factor value is presented as follows:

(A-B)x(1- C)+(D- 97.7)

Where:

A = Average of all Domes group
B = Original average tendon force
C = Wire Stress Relaxation Percentage
D = Elastic Shortening

As an example, Dome tendon D112 calculates as follows:

NormalizationFactor = (1639 - 1676) x (I - 0.0257) + (D - 97.7) or

NF = (-37) x (0.9743)+(-101.9) or

NF = -138 which matches the spreadsheet calculation.

Similar expressions are shown for the hoop and vertical tendons in the information in Attachment I.

I
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Calculation S-95-0082 0

9.) Plotting of Data

Only the data from Column B, L, M, & N are tabulated on a separate area on the side of the spreadsheet. See
Columns R, S, T & U; Rows 40 through 50. Only these values are selected for plotting on the force curves.
This is for ease of plotting and has no affect on the quality or accuracy of the plots. An example copy of this
data immediately follows the first dome tendon.

The plots of all dome curves with all the data points showed the force curve plot line as slightly crooked from
a true linear plot. The large scale used showed some inflection points slightly off of linear. After
investigation, the condition was avoided by omitting data points at year 10 and 15 after SIT for the final
plotted figures. This was done only for presentation purposes and there is no affect on the accuracy of the
plot or the base values calculated and presented on each curve.

A column by column explanation of the losses calculation worksheet follows:

)
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IOMETDENTIFICATIN NO. REVIMlONCalculation S-95-0082 o

INDIVIDUAL TENDON LOSSES
LOSSES CALCULATION WORKSHEET

NOTES AND LEGEND

Individual tendon losses are calculated based on the procedure presented in the preceding section. The
following notes explain the spreadsheet process, input and calculations performed for each of the columns
presented. The shaded values on the losses worksheet are extracted from the data input worksheet.

Column Description

A. Inspection Period after SIT
Scale based on years after SIT which is shown on the bottom scale of each individual plot. Nowe that
this information is provided for easier readability with respect to SIT but is not the actual log scale
used to construct the x axis of the plots.

B. Years after Concrete Placement
Scale of years after concrete placement as used for the x axis for plotting of the force curves and
shown as the upper log scale at the top of each plot.. Note that one year after SIT for the dome
tendons is 3.5 years on the log scale and for the hoop and vertical tendons is 5.4 years. See Section
6.1 of this calculation for further information.

C. Elastic Shortening
Calculated based on formulas presented in Section 6.2.2 and Attachment E information.

D. Stress Relaxation Percent
Calculated based on original wire loss curve percentages modified per the information presented in
Attachment F of this calculation.

E. Stress Relaxation Forces
Data input from the Reference 11 calculation page 12. See Attachment F.

F.' Creep Strain
Strain value (x 0.000IData input from the Reference 11 calculation. See Attachment G of this
calculation for data.

G. Creep Strain Force
Data input from the Reference II calculation. See Attachment G of this calculation for data.

H. Shrinkage Values
Data input from the Reference 11 calculation based on the shrinkage curve. See Attachment H of this
calculation for data.

I. Shrinkage Force
Data input from the Reference II calculation. See Attachment H of this calculation for data.

RET: Life ofPWnt RESPn. Nucdear ESgneedng
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Calculation S-95-0082 2

I. Total Force Loss
Calculated value, Sum of columns C, E, G,& I.

K. Total Percent Loss
Total loss in percentage, Column J / Average of original forces for shop & field ends calculated and
shown above on the spreadsheet.

L. Base
The average original force for the tendon noted above on the spreadsheet, less the total losses
calculated in Column J. Note that total losses were not calculated on the row for the 17 year period,,
the 21 year 3 month period, as well as the 21 year period after SIT. These rows represent the fifth,
the originally planned sixth and the current sixth surveillance periods and the values of Base were
derived through linear interpolation of above and below data presented on the spreadsheet. The
quality and accuracy is not affected by this procedure.

M. 95% Base
0.95 x Column L for the same row.

)N. 90% Base
0.90 x Column L for the same row.

0. Normalization Factor -
Calculated based on formula presented in this calculation and in the information presented in
Attachment I.

J
K
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CRYSTAL RIVER UNIT 3 - 6th TENDON SURVEILLANCE
DOME TENDONS DATA INPUT

DOC tD:S-95-0082
REVISION 3

PAGE 20
Initial Concrete Stress =

Average Force =
1732.0 (kpsil

1690(kips)

Ref.
(2) Pages 7A, 78, 7C

(2) Page 15

For Tendons in Sequences 1 through 27
Total Stress Sequence (N) =
Total Elastic Shortening Losses

27
82.

For Tendons in Sequences 28 thru 32
Total Stress Sequence IN) = . 5 - ei

Total Elastic Shortening Losses 4 7.4 (2) Page z01

Lift-off Pressure (ksi) Ill Stress No. of Wire Original Forces (kips) i E

Tendon Shop End Field End Sequence Effective Factor Shop Field Remarks
No. Predicted A t-ual Predicted Actual I (n) 2) Wires (1) #/163 (4) End (5 I End (5) (3)(A) I S B I "C) I D) ' 1) I (F) .. I " (G) I MY-:.i (1) (J) Ir (K)

Dll 1 6810" 7000 6810 6"900 "5 "163" 1.000 "1685 1661 ;

D112 6800 6950 6840 7000 31 163 1.000 1675 1677

0114 6800 7000 6840 6900 32 162 0.994 1677 1643

0116 6760 6950 6800 6750 29 162 0.994 1675 1617

D130 6870 6850 6810 6800 1 163 1.000 1634 1637

D132 6760 6700 6800 6700 27 162 0.994 1614 1605

0211 6810 7100 6870 7000 1 162 0.994 1698 1660

D213 6840 6900 6800 6800 14 163 1.000 1653 1639

D214 6670 6800 6740 6800 30 161 0.988 1650 1633

0216 6800 6700 6810 6700 27 163 1.000 1615 1612

0302 6530 6550 6510 6600 22 156 0,957 1573 1590
D303 6760 6700 6770 7030 8 161 0.988 1604 1681

::D304.i - :..68OO.1 6 800  :.v..Ž:ee00.~ 30 63 1000 iMOP6 ,51 QS.'
D305 6700 6900 6680 6650 20 160 0.982 1657 1602
D306 6810 6750 6810 6900 23 161 0.988 1605 1640

D310 6770 6800 6770 6800 24 162 0.994 1636 1636

D312 6840 6950 6800 60 0 163 1.000 1665 1615

File: DOMER3.XLW (DOMEINP)

Notes:
(1) Ref.12, 13, 14 Crystal River 3 R/B Tendon History Sheets - Dome Tendons for Original Stressing. See Attachmpnts B&D.
(21 Ref. 11 Crystal River 3 Tendon Surveillance Loss Calculations. See Attachment C for stress sequences.
(3) S= Selected Tendons, C =Control tendon, D =Detensioned tendon, A =Alternate tendon

E = Exempted Tendons (5th Surveillance), All Other Tendons are Adjacents
(4) Wire factors are calculated based on the number of effective wires divided by 163. 21-Jan-98
(5) Original forces calculated based on the expression in Section 6.2.2 5:01 PM

Iý3
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES-

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27

FILE: DOMER3.XLW D1011)

6th TENDON SURVEILLANCE

NA

L I

TENDON: Dlll INITIAL CONCRETE STRESS (PSI) :

ORIGINAL FORCES WKIPS):

STRESS SEQUENCE:

SHOP: 1,85 FIELD: !; 16'61

5 . OF 27

AVERAGE: 1673

TOTAL ELASTIC SHORT. LOSS: 82.7

AVERAGE ALL DOME TENDONS:- 1639.-

WIRE FACTOR: 1.000

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

IN DI VIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS _

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m in/in FORCE LOSS LOSS [ _ _ j
(YR:MO) (LOG) _ (KIPS) (0.0001 (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) (B) (1co) (D) ,(11E - " (G _ "(!!) I) 71 - J) i" (K) I- (L) I M) ( N) If I

13.5 142.4 2.57% 42.3 3.28 92'. 5 15 4.0 281.2 16.81% 1391 1322 1252 12 ,|

3 5.5 142.4 2.60% 42.7 3.86 108.8 18 5.0 298.9 17.87% 1374 1305 1236 '12"

5 7.5 142.4 2.68%•. . 44.1 4.21 118.7 21 - 6.0 311.2 18.60% " 1361 '1293 1225 12

10 12.5 142,4 2.76% 45.4 4.62 130.3 25 7.0 325.1 19.44% 1348 1280 1213 12

15 17.5 142,4 2.81% 46.2 5.21 146.9 27.5 8.0 343.5 20.54% 1329 1263 1196 12

17 19.5 142.4 " 1327 1260 1194 '_ 12--

20 22.5 142.4 2.87% 47.2 5.39 152.0 29 8.0 349.6 20.90% 1323 1257 1191 12

21:3 23.75 142.4 1321 1255 1189 12

25 27.5 142.4 2.89% 47.3 5.59 157.6 30.8 9.0 356.3 21 ,30% 1316 1251 118B5 12

30 32.5 142.4 2,91% 47.8 5.78 163.0 32 9.0 362.2 21.65% 1310 1245 1179 12

35 37.5 142.4 2.93% 48.2 5.98 168.6 33 9.0 368.2 22.01% 1304 1239 1174 12

40 42.5 142.4 2.95% 148.5 6.18 174.3 34 10.0 375.2 22.43% 1297 1233 1168 12

21 23.5 1322 1256 1190 -Tma
= )ý' m• 0

m F

0
CL

0

-D9,
.1

21 -Jan-98
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TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
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Note: Revision 3 is generated to include curve tor the
6th surveillance inspection (November 1997).
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
DOME TENDON LOSSES WORK SHEET (DOMEHt GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES GREATER THAN 27
FILE: DOMER2.XLW (1D12)

m

TENDON: ;D1:12: - INITIAL CONCRETE STRESS (PSI): NA

ORIGINAL FORCES (KIPS): SHOP' 175:- FIELD:- ,1677T::

STRESSSEOUENCE: 31- OF

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

AVERAGE: 1676
TOTAL ELASTIC SHORT. LOSS: 474

AVERAGE ALL DOME TENDONS: 1639
WIRE FACTOR: .

INDIVIDUAL LOSSES TOTAL LOSSES "PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENTI FORCE CR. STA. FORCE m inlhi FORCE LOSS LOSS (KIPS)_____(YR:MO) (LOG) _ _I (KIPS) 1( .0001) (IK I PS I (KIPS) I (KIPS) (KIPS) (KIPSI (KIPS)
(A) (B) I ) IC) 10 IE) I (FI) I (G) IJ 1) (JI _ (K) IL) I (M) J IN) l 101

1 3.5 -4.2 2.57% 42.3 3.28 92,5 15 4.0 134.6 8.03% 1542 1465 1387 -138
3 5.5 -4.2 2.60% 42.7 3.86 108.8 18 5.0 152.3 9.08% 1524 1448 1372 -138
5 7.5 -4.2 2.68% 44.1 4.21 118.7 21 6.0 164.6 9.82% 1512 1436 1360 -138
10 1215 -4,2 2.76% 45.4 4.62 130.3 25 7.0 178.5 10.65% 1498 1423 1348 -138
15 17.5 .4.2 2.81% . 46.2 5.21 146.9 27.5 8.0 196.9 11.75% 1479 1405 1331 -138
17 19.5 .4.2 .1477 1403 1329 .138
20 22.5 -4.2 2.87% 47.2 5.39 152.0 29 8.0 203.0 12.11% 1473 1400 1326 -138

21:3 23.75 -4.2 1472 1398 1324 -138
25 27.5 -4.2 2.89% . 47.3 5.59 157.6 30.8 9.0 2097 12.51% 1466 1393 1320 -138
30 325 -4.2 2.91% 47.8 5.78 163.0 32 9.0 215.6 12.86% 1461 1388 1315 -138
35 37.5 -4.2 2.93% 48.2 5.98 168.6 33 90 221.6 1322% 1455 1382 1309 -138

40 42.5 -4.2 2.95% 48.5 6.18 174.3 34 T 100 228.6 1364% 1448 1375 1303 -138
I

21 23.5 1472 1398 1325

(0

0,
_k.

(0

08-Sep-97
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40 2.5 1350

41 3.5 1542 14!

42 5.s 1524 14.

43 7.5 1512 14

44 19.5 1477 I4A

45 22.5 1473 $44

46 23.75 1472 131
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48 32.5 1461 t34

49 37.5 1455 13

50 42.5 1448 13
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U Typical data used for plotting of Force Curves
Copied from cells on losses worksheet
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TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start
date for the 6th surveillance inspection from
Match 1997 to November 1997.
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET iDOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEOUENCES LESS THAN 27
FILE: DOMER2.XLW (0113)

-n
K~

TENDON: 011. ,: 3.J INITIAL CONCRETE STRESS IPSI): NA

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

SHOP.::,:ij!::l1711. FIELD 1641.

OF 2

AVERAGE: 1676

TOTAL ELASTIC SHORT. LOSS: 2

AVERAGE ALL DOME TENDONS: .1639

WIRE FACTOR:.-.000

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

IN DIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m inlin FORCE LOSS LOSS
(YR:MO} (LOG) (KIPS) (*.0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) (H) I(kL. •l •) M•- (bl) _7111i I (,) I J) (K) :]I. 7 [) (M) I N•) II (U)

1 3.5 99.5 2.57% 42.3 3.28 92.5 15 4.0 238.3 14.22% 1438 1366 1294 .35
3 5.5 99.5 2.60% '42.7 3.86 108.8 18 5.0 256.0 15.27% 1420 1349 1278 -35
5 7.5 99.5 2.68% 44.1 4.21 118.7 21 6.0 268.3 16.01% 1408 1338 1267 -35

10 12.5 99.5 2.76% 45.4 4.62 130.3 25 7.0 282.2 16.84% 1394 1324 1255 .35
15 17.5 99.5 2.81% 146.2 5.21 146.9 27.5 . 8.0 300.6 17.93% 1376 1307 1238 -35

17 19.5 99.5 1373 1305 1236 -35
20 22.5 99.5 2.87% 47.2 5.39 152.0 29 8.0 306.7 18.30% 1370 1301 1233 -35

21:3 23.75 99.5 1368 1300 1231 -35
25 27.5 99.5 2.89% 47.3 5.59 157.6 30.8 9.0 313.4 18.70% 1363 1295 1227 .35
30 32.5 99.5 2.91% 47.8 5.78 163.0 32 9.0 319.3 19.05% 1357 1289 1221 35
35 37.5 99.5 2.93% 48.2 5.98 168.6 33 9.0 325.3 19.41% 1351 1283 1216 -35
40 42.5 99.5 2.95% 48.5 6.18 174.3 34 100 332.3 19.82% 1344 1277 1210 .35

I
21 23.5 1368 1300 1231 C

z (

0)
0

(0

08-Sep-97
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. Gth TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMEHI GROUP)
USE FOR DOME TENDONS WITH STRESSING SEQUENCES GREATER THAN 27
FILE: DOMER2.XLW (D114)

*01

m
x

TENDON: .I114.• INITIAL CONCRETE STRESS (PSI): NA

ORIGINAL FORCES (KIPS):

STRESS SEGUENCE:

SHOP: i:ý1:. 1677.:•,: FIELD:::':;;,1643':':.:

02~ OF :j
AVERAGE: 1660

TOTAL ELASTIC SHORT. LOSS: 47

AVERAGE ALL DOME TENDONS: J 1639"6.;p:j.
WIRE FACTOR: 0.94

NOTE: SHADED VALUES ARE EXTRACTED FROM OOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLAC SHORT, PERCENT FORCE CR. STR.S FORCE mainin FORCE LOSS LOSS

IYR:MO) ILOG) (KIPS) ( .0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) [ 11 [J (C) I (0)1 (E) (F) J (G) (H I Wl ( f (K I (L) M) I N) I (0)

1 3.5 -13.7 2.57% 42.3 3.28 92.5 15 4.0 125.1 7.54% 1535 1458 1381 -132
3 5.5 -13.7 2.60% 42.7 3.86 108.8 18 5.0 142.8 8.60% 1517 1441 1365 -132
5 7.5 -13.7 2.68% 44.1 4.21 118.7 21 6.0 155.1 9.34% 1505 1430 1354 *132
10 12.5 -13.1 2.76% 45.4 4.62 130.3 25 7.0 169.0 10.18% 1491 1416 1342 -13215 17.5 .13.7 2.81% 48.2 5.21 146.9 27.5 8.0 187.4 11,29% 1473 1399 1325 -132
17 19.5 -13.7 1470 1397 1323 -132
20 22.5 .13.7 2.87% 47.2 5.39 152.0 29 8.0 193.5 11.66% 1466 1393 1320 -132

21:3 23.75 -13.7 1465 1392 1318 -132
25 27.5 -13.7 2.89% 47.3 5.59 157.6 30.8 9.0 200.2 12.06% 1460 1387 1314 -132
30 32.5 -13.7 2.91% 47.8 5.78 163.0 32 9.0 206.1 12.42% 1454 1381 1308 -132
35 37.5 -13.7 2.93% 48.2 5.98 168.6 33 9,0 212.1 12.78% 1448 1375 1303 -132
40 42.5 -13.7 2.95% 48.5 6.18 1743 34 10.0 219.1 13.20% 1441 1369 1297 -132

I "-,
21 23.5. 1465 1392 1319

m C3
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TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
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Note: Revision 2 is generated in change start

date for the 6th surveillance inspection from

March 1997 to November 1997.
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES-

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEGUENCES LESS THAN 27

FILE: OOMER2.XLW (0115)

TENDON: :D1"5 i, INITIAL CONCRETE STRESS (F

6th TENDON SURVEILLANCE

m

SI : NA

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

SHOP- FIELD 1711

. OF 27

AVERAGE: 1700

TOTAL ELASTIC SHORT. LOSS: i2:-82.7

AVERAGE ALL DOME TENDONS: .- 1639

WIRE FACTOR: 1...,0 '

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT IFORCE CR. STR.j FORCE m n/in FORCE LOSS LOSSI____I_____ ______(YR:MO) (LOG) (KIPS) (*.001 (KIPS) (KIPS) (IPKI PSIPS (KIPS) (KIPS) (KIPS)
t _ _1I ) _ I _ _ (El IF ) I _ _ (H) ! J() _ (L) IM) _ _ _0 I _ _

1 3.5 145.4 2.57% 42.3 3.28 92.5 15 4.0 284.2 16.72% 1416 1345 1274 -12
3 5.5 145.4 2.60% 42.7 3.86 108.8 18 5.0 301.9 17.76% 1398 1328 1258 -12

5 7.5 145.4 2.68% 44.1 4.21 118.7 21 6.0 314.2 18.48% 1386 1317 1247 .12

10 12.5 145.4 2.76% 45.4 4.62 130.3 25 7.0 328.1 19.30% 1372 1303 1235 -12
15 17.5 145.4 2.81% 46.2 5.21 146.9 27.5 8.0 346.5 20.38% 1354 1286 1218 -12

17 19.5 145.4 1351 1284 1216 .12

20 22.5 145.4 2.87% 47.2 5.39 152.0 29 8.0 352.6 20.74% 1348 1280 1213 -12

21:3 23.75 145.4 1346 1279 1211 -12

25 27.5 145.4 2.89% 47ý3 5.59 157.6 30.8 9.0 359.3 21.14% 1341 1274 1207 -12
30 32.5 145.4 2.91% 47.8 5.78 163.0 32 9.0 365.2 21.48% 1335 1268 1201 12

35 37.5 145.4 2.93% 48.2 5.98 168.6 33 9.0 371.2 21.83% 1329 1263 1196 .12
40 42.5 145.4 2.95% 48.5 6.18 174.3 34 10.0 378.2 22.25% 1322 1258 1190 -12

21 . 23.5 1346 1279 1212
m

~cm (D

C)
008-Sep-97
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Note: Revision 2 is generated to change start date 0
(or the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMEHI GROUP)
USE FOR DOME TENDONS WITH STRESSING SEGUENCES GREATER THAN 27
FILE: DOMER2.XLW (0116)

TENDON: : ,016. INITIAL CONCRETE STRESS (PSII:

-n,

m
x

NA 0

ORIGINAL FORCES (KIPS): SHOP: .1675 : FIELD::P;z'J-ý 1617 -
STRESS SEDUENCE: `29" OF

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

AVERAGE: 1646
TOTAL ELASTIC SHORT. LOSS: I. .7; :

AVERAGE ALL DOME TENDONS: 139
WIRE FACTOR: 094

IN INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTORSIT PLACEMENT SHORT. PERCENT1 FORCE CR. STR. 1 FORCE m inlin FORCE LOSS LOSS

(YR:MO) I(LOG) (KIPS) ( .001) j KIPS) _I_(IKIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)
(A) I (B) )(C.I (D1 IE)I (F) (IG) ( IHI [ IJI IKJ !! W (M) IM _j(N) (0 o)

1 3.5 14.7 2.57% 42.3 3.28 92.5 15 4.0 153.5 9.33% 1492 1418 1343 -90
3 5.5 14.7 2.60% 42.7 3.86 108.8 18 5.0 171.2 10.40% 1475 1401 1327 -90
5 7.5 14.7 2.68% 44.1 4.21 118.7 21 6.0 183.5 11.15% 1462 1389 1316 -90
10 12.5 14.7 2.76% 45.4 4.62 130.3 25 7.0 197.4 12.00% 1448 1376 1304 -90
15 17.5 14.7 2.81% 46.2 5.21 146.9 27.5 8.0 215.8 13.11% 1430 1358 1287 .90
17 19.5 14.7 1 1428 1356 1285 -90
20 22.5 14.7 2.87% 47.2 5.39 152.0 29 8.0 221.9 13.49% 1424 1353 1281 .90

21:3 23.75 14.7 1422 1351 1280 -90
25 27.5 14.7 2.89% 47.3 5.59 157.6 30.8 9.0 228.6 13.89% 1417 1346 1275 -90
30 32.5 14.7 2.91% 47.8 5.78 163.0 32 9.0 234.5 14.25% 1411 1341 1270 -90
35 37.5 14.7 2.93% 48.2 5.98 168.6 33 9.0 240.5 14.62% 1405 1335 1265 -90
40 42.5 14.7 2.95% 48.5 6.18 174.3 34 IoU 247.5 15.04% 1398 1328 1258 .90

21 23.5 1423 1351 1280 M
(o

0

S.O

08-Sep-97
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xTIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March

1997 to November 1997. I f-T-
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES.

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27
FILE: DOMER2.XLW (0130)

6th TENDON SURVEILLANCE

-I11

0)
0"n

. m

TENDON: ,13 0

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

INITIAL CONCRETE STRESS (PSI) : NA c0"

SHOP: 1634 FIELD:.163;7,
: 1 ' OF :27

AVERAGE: 1635

TOTAL ELASTIC SHORT. LOSS: 827

AVERAGE ALL DOME TENDONS: ' 1639 4.

WIRE FACTOR: . O.0 V:

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

IN DIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS.

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER COACRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m inin I FORCE LOSS LOSSIYR:MO) (LOG) n(KIPS) vm.o01) (KIPSI (KIPS) (KIPS) (KP) (KIPS) (KIPS) (KPS

1 3.5 154.6 2.57% 42.3 3.28 92.5 15 4.0 293.4 17.94% 1342 1275 1208 60
3 5.5 154.6 2.60% 42.7 3.86 108.8 18 5.0 311.1 19.03% 1324 1258 1192 60
5 7.5 154.6 2.68% 44.1 4.21 118.7 21 6.0 323.4 19.78% 1312 1246 1181 60

10 12.5 154.6 2.76% 45.4 4.62 130.3 25 7.0 337.3 20.63% 1298 1233 1168 60
15 17.5 154.6 2.81% 46.2 5.21 146.9 27.5 8.0 355.7 21.75% 1280 1216 1152 60
17 19.5 154.6 1277 1213 1149 60
20 22.5 154.6 2.87% 47.2 5.39 152.0 29 8.0 361.8 22.13% 1274 1210 1148 60

21:3 23.75 154.6 1272 1208 1145 60
25 27.5 154.6 2.89% 47.3 5.59 157.6 30.8 9.0 368.5 22.54% 1267 1203 1140 60
30 32.5 154.6 2.91% 47.8 5.78 163.0 32 9.0 374.4 22.90% 1261 1198 1135 60
35 37.5 154.6 2.93% 48.2 5.98 168.6 33 9.0 380.4 23.26% 1255 1192 1129 60
40 42.5 154.6 2.95% 48.5 6,1 174,3 34 100 387.4 23.69% 1248 1186 1123 60

21 23.5 1272 1209 1145 C35
m cn-

(0

Q0

08.Sep-97
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection orom Match

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMEHI GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES GREATER THAN 27

FILE: DOMER2.XLW (0131)

-n

m
x

Ly1TENDON: 0D313

ORIGINAL FORCES (KIPS):
STRESS SEQUENCE:

INITIAL CONCRETE STRESS (PSI): NA

SHORP:. :' '::,:1616.'ý!!": FIELD: !:-z1585 !61
OF '5

AVERAGE: 1601

TOTAL ELASTIC SHORT. LOSS: 47.4

AVERAGE ALL DOME TENDONS: 1639
WIRE FACTOR. 0988

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES. TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP ] SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m inlin FORCE LOSS LOSS
{YR:MO) (LOG) (KIPS) ( .0001) (KIPS) _ _ I(KIPS) (KIPS) (KIPSI IKIPS) (KIPS) (KIPS)

IA) 1( 1 I ICQ I (D) (E) (F) (G I ) (H)I 11 ) IJI (K) i! (LIJ IM) (NI 10O

1 3.5 14.7 2.57% 42.3 3.28 92.5 15 4.0 153.5 9,59% 1447 1375 1303 .46
3 5.5 14.7 2.60% 42.7 3,86 108.8 18 5.0 171.2 10.70% 1430 1358 1287 -46
5 7.5 14.7 2.68% 44.1 4.21 118.7 21 6.0 183.5 11.47% 1417 1346 1276 -46
10 12.5 14.7 2.76% 45.4 4.62 130.3 25 7.0 197:4 12.33% 1403 1333 1263 -46

15 17.5 14.7 2.81% 46.2 5.21 146.9 27.5 8.0 215.8 13.48% 1385 1316 1246 -46
17 19.5 14.7 .' 1383 1313 1244 .46

20 22.5 14.7 2,87% 47.2 5.39 152.0 29 8.0 221.9 13.86% 1379 1310 1241 -46
21:3 23.75 14.7 1377 1308 1239 .46
25 27.5 14.7 2.89% 47.3 5.59 157.6 30.8 9.0 228.6 14.28% 1372 1304 1235 -46
30 32.5 14.7 2.91% 47.8 5.78 163.0 32 9.0 234.5 14.65% 1365 1298 1230 -46
35 37.5 14.7 2.93% 48.2 5.98 168.6 33 9.0 240.5 15.03% 1360 1292 1224 .46
40 42.5 14.7 2.95% 48.5 6.18 174.3 34 10.0 247.5 15.46% 1353 1288 1218 .46

21 23.5 1378 1309 1240 C3

r4nc

inV
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TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
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SSurveillancea6 eNovember 1, 19971
*BASE 1378 Kips
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27
FILE: DOMER2.XLW 10132)

TENDON: I, .0132 ! iNITIAL CONCRETE STRESS (PSI): NA

-n

0F)

Km
0x

ORIGINAL FORCES IKIPS):

STRESS SEQUENCE:

SHOP. J14 FIELD;:i: 1605!~

~27`' ; OF ~.2
AVERAGE: 1610

TOTAL ELASTIC SHORT. LOSS: 82.7.

AVERAGE ALL DOME TENDONS. 1639 •

WIRE FACTOR: 0.994

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. 1FORCE m infn FORCE LOSS LOSS J____1 _____

(YR:MO) (LOG) n IKIPS) (.0001I) (KIPS) (KIPS) (KlPSI _KIPSI IKIPS) (KIPS) (KIPS)(A) 7 M--- ![ M• I•I ~ (U) (E ...... (6) (HI ( 1) (J) (K) IIý '(L) (M) I I} I U

1 3.5 75.0 2.57% 42.3 3.28 92-5 15 4.0 213,8 13.28% 1396 1326 1256 6
3 5.5 75.0 2.60% 42.7 3.86 108.8 18 5.0 231.5 14.38% 1378 1309 1240 6
5 7.5 75.0 2.68% 44.1 4.21 118.7 21 6.0 243.8 15.15% 1366 1298 1229 6
10 12.5 75.0 2.76% 45.4 4.62 130.3 25 7.0 257.7 16.01% 1352 1284 1217 6
15 17.5 75.U 2.81% 46.2 5.21 146.9 27.5 8.0 276.1 17.15% 1334 1267 1200 6

17 19.5 75.0 41 1331 1265 1198 6
20 22.5 75.0 2.87% 47.2 5.39 152.0 29 8.0 282.2 17.53% 1327 1261 1195 6

21:3 23.75 75.0 1326 1260 1193 6
25 27.5 75.0 2.89% 47.3 5.59 157.6 30.8 9.0 288.9 17.95% 1321 1255 1189 6
30 32.5 75.0 2.91% 47.8 5/78 153.0 32 9.0 294.8 18,31% 1315 1249 1183 6
35 37.5 75.0 2.93% 48.2 5.98 168,6 33 9.0 300.8 18.69% 1309 1243 1178 6
40 42.5 75.0 2.95% 48.5 6.18 174.3 34 10.0 307.8 19112 1302 1237 1172 j I
21 23.5 1326 1260 1194

E50
Eb CD

008BSep-9 7
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Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March

1997 to November 1997.
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-I"

CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27

FILE: OOMER2.XLW (D21 1)

0)
*01

I

mx
ez7

TENDON: :, ' i1 1 ; INITIAL CONCRETE STRESS (PSI) : NA 0"

ORIGINAL FORCES (KIPS): SHOP • 698,, FIELD: '660

STRESS SEQUENCE: - - I OF ;27-,

AVERAGE: 1679

TOTAL ELASTIC SHORT. LOSS: 82 7 Z,

.. , .ý ; ! ' .' i -.. . -..... . -" Z, .: ;ý
AVERAGE ALL DOME TENDONS: 1639, ,-.;;

WIRE FACTOR: ' O ""4

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

IN DIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT1 FORCE CR. STR.r FORCE m infin FORCE LOSS LOSS
(YR:MOI LOG) (KIPS} (*.ODD1) (KI(KIPS) K(-.001) PKIPS IPS (KIPS) (KIPS) (KIPS) (KIPS)

IA) "I(IB . (u) i .M. J IN I () ( () l " ,I ) I ( (M F M IL_ _

1 3.5 154.6 2.57% 423 3.28 92.5 15 4.0 293.4 17.48% 1386 1316 1247 18
3 5.5 154,6 2.60% 42.7 3.86 108.8 18 5.0 311.1 18.53% 1368 1299 1231 18
5 7.5 154.6 2.68% 44.1 4.21 118.7 21 6.0 323.4 19.26% 1356 1288 1220 18

10 12.5 154,6 2.76% 45.4 4.62 130.3 25 7.0 337.3 20.09% 1342 1275 1207 18
15 17.5 154.6 2.81% 46.2 5.21 146,9 27.5 8.0 355.7 21.19% 1323 1257 1191 18

17 19.5 154.6 1321 1255 1189 18

20 22.5 154.6 2.87% 47.2 5.39 152.0 29 8.0 361.8 21.55% 1317 1251 1185 18

21:3 23.75 154.6 1315 1250 1184 18
25 27.5 154.6 2.89% 47.3 5.59 157.6 30.8 9.0 368.5 21.95% 1310 1245 1179 18

30 32.5 154.6 2.91% 47.8 5.78 163.0 32 9.0 374.4 22.30% 1305 1239 1174 18
35 37.5 154,6 2.93% 48.2 5.98 168.6 33 9.0 380.4 22.66% 1299 1234 1169 18
40 42.5 154.6 2.95% 48.5 6.18 114.3 34 10.0L 381.4 23.08% 1292 1227 1162 18

I
21 23.5 1316 1250 1184_

- 00•. (0)
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*031TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date

for the Eth surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 61h TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEMUENCES LESS THAN 27

FILE: DOMER2.XLW (D212)

-n

0)

m
x

RzTENDON: 022 INITIAL CONCRETE STRESS (PSI) : NA

ORIGINAL FORCES jKIPS):

STRESS SEOUENCE:

SHOP: 588= FIELD: ý AA 612:jg:;

7 .. OF 7

AVERAGE: 1600

TOTAL ELASTIC SHORT. LOSS: 82:7:

AVERAGE ALL DOME TENDONS: .'- ;1 639
WIRE FACTOR: -O9 :-

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m inlin FORCE LOSS LOSS
IYR:MO) (LOG) j IKIPS) (.OD01I (KIPS) (KIPS) IKIPS) _KIPS) (KIPS) IKIPS) (KIPS)(A)' (G) (U) it) (N (G*: •I I l) I (H) (1 1, I (J) (K I L) JM) (N) (l.. U)

1 3.5 75.0 2.57% 42.3 3.28 92.5 15 4.0 213.8 13.36% 1386 1317 1248 15
3 5.5 75.0 2.60% 42-7 3.86 108.0 18 5.0 231.5 14.47% 1369 1300 1232 15
5 7.5 75.0 2.68% 44.1 4.21 118.7 21 6.0 243.8 15.24% 1356 1288 1221 15

10 12.5 75.0 2.76% 45.4 4.62 130.3 25 7.0 257.7 16.11% 1342 1275 1208 15
15 17.5 75.0 2.81% 46.2 5.21 146.9 27.5 8.0 276.1 17.26% 1324 1258 1192 15
17 19.5 75.0 1321 1255 1189 15
20 22.5 75.0 2.87% 47.2 5.39 152.0 29 8.0 282.2 17.64% 1318 1252 1186 15

21:3 23.75 75.0 1316 1250 1185 15
25 27.5 75.0 2.89% 47.3 5.59 157.6 30.8 9.0 288.9 18.06% 1311 1246 1180 15
30 32.5 75.0 2.91% 47.8 5.78 163.0 32 9.0 294.8 18.42% 1305 1240 1175 15
35 37.5 75.0 2.93% 48.2 5.98 168.6 33 9.0 3008 18.80% 1299 1234 1169 15
40 42.5 750 2.95% 48.5 18 1743 34 10.0 307.8 19.24% 1292 1228 1163 15

I
21 zj.0 1316 125l 118b
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Note: Revision 2 is generated to change start dale

for the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 8th TENDON SURVEILLANCE
DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27
FILE: DOMER2.XLW (0213)

-n

03)
cr1

0m

TENDON: D 2"3 INITIAL CONCRETE STRESS (PSI): NA

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

SHOP- ..'1653 FIELD:. 63

A;1 OF o2

AVERAGE: 1646

TOTAL ELASTIC SHORT. LOSS: ;B2.7

AVERAGE ALL DOME TENDONS- 1639

WIRE FACTOR: 100 -

NOTE: SHADED VALUES ARE EXTRACTED FROM OOMEINP WORK SHEET

ININDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEAHS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE mainlin , FORCE LOSS LOSS
(YR:MOD (LOG) ,P (KIPS) (*.OOO1)J (KIPS) ........ J IKIPS) (KIPS) (KIPS) (KIPS) (KIPS) (K1PS)JA I ..... . 11 (G) I Ju) I E) .... Ift .15 (1) IJJ (I 7v 1 (L) I (M) I IN) I U

1 3.5 114.8 2.57% 42.3 3.28 92.5 15 4.0. 253.6 15.41% 1393 1323 1253 10
3 5.5 114.8 2.60% 42.7 3.88 108.8 18 5.0 271.3 16.48% 1375 1306 1237 10
5 7.5 114.8 2.68% 44.1 4.2.1 118.7 21 6.0 283.6 17.23%" .1363 1294 1226 10

10 12.5 114.8 2.76% 45.4 4.62 130.3 25 7.0 297.5 18.07% 1349 1281 1214 10
15 17.5 114.8 2.81% 46.2 5.21 146.9 27.5 8.0 315.9 19.19% 1330 1264 1197 10
17 19.5 114.8 1328 1261 1195 10
20 22.5 114.8 2.87% 47.2 5.39 152.0 29 8.0 322.0 19.56% 1324 1258 1192 10

21:3 23.75 114.8 1322 1256 1190 10
25 27.5 114.8 2.89% 47.3 5.59 157.6 30.8 9.0 328.7 19.97% 1317 1252 1186 10
30 32.5 114.8 2,91% 47.8 5.78 163.0 32 9.0 334.6 20.33% 1312 1246 1180 10
35 37.5 114.8 2.93% 48.2 5.98 168.6 33 9.0 340.6 20.69% 1306 1240 1175 1 0
40 42.5 114.8 2.95% 48.5 6.18 174.3 34 10.0 347.6 21.12% 1299 1234 1169 10 I
21 23.5 1323 1257 IU1 m~z 0)
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Note: Revision 2 is generated to change start date 0

for the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDiCTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE
DOME TENDON LOSSES WORK SHEET (ODMEHI GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES GREATER THAN 27

FILE: ODMER2.XLW (D2141

mx

TENDON: D214, INITIAL CONCRETE STRESS (PSO: NA

ORIGINAL FORCES (KIPS): SHOP:. 1650. FIELD : 1633

STRESS SEQUENCE: ="O • OF ' '

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

AVERAGE: 1642

TOTAL ELASTIC SHORT. LOSS: 47.4

AVERAGE ALL DOME TENDONS: I 1639i .'

WIRE FACTOR. •. .A' 0988::

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS -CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT[ FORCE CR. STR. FORCE m inlin FORCE LOSS LOSS
IYR:MOI ILOG) IKIPS ( .000. I {KIPSI IKIPS) (KIPS) _KPS) IKIPS) ,KIPSI (KIPS)

(A)6 I (CI _1 I (0) ( 1 F(G) IH I (1I IJI 1K). __.. __fI (M) I N , F (0)

1 3.5 5.3 2.57% 42.3 3.28 92.5 15 4.0 144.1 8.77% 1498 1423 1348 .95
3 5.5 5.3 2.60% 42.7 3.86 108.8 18 5.0 161.8 9.85% 1480 14DJ6 1332 -95

5 7.5 5.3 2.68% 44.1 4.21 118.7 21 6.0 174.1 10.60% 1468 1394 1321 -95
10 12.5 5.3 2.76% 45.4 4.62 130.3 25 7.0 188.0 11.45% 1454 1381 1308 -95

15 17.5 5.3 2.81% 46.2 5.21 146.9 27.5 8.0 206.4 12.57% 1435 1364 1292 -95
17 19.5 5.3 1433 1361 1290 .95

20 22.5 5.3 2.87% 47.2 5.39 152.0 29 8.0 212.5 12.94% 1429 1358 1286 .95

21:3 23.75 5.3 1428 1356 1285 -95
25 27.5 5.3 2.89% 47.3 5.59 157.6 30.8 9.0 219.2 13.35% 1423 1352 1280 .95

30 32.5 5.3 2.91% 47.8 5.78 163.0 32 9.0 225.1 13.71% 1417 1346 1275 -95
35 37.5 5.3 2.93% 48.2 5.98 168.6 33 9.0 231.1 " 4.07% 1411 1340 1270 -95
40 42.5 5.3 2.95% 48.5 6.18 174.3 34 10.0 238.1 14.50% 4 1334 12 -9 I -

21 23.5 1428 1357 1285

(D

0')
0,08.Sep-97



"1"1

M0)

m
x

01

TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)

1 10
2 3 4 5 6 7 8 9

100
20 30 40 50 60 70 80 90

1600

1500

1400

n-

w

O 1300
ILL
z
00

w
1-- 1200

1100 -.

1000

Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.
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1 -1 1

CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27

FILE: DOMER2.XLW (0215)

-n

m

VLL
TENDON: 0215 INITIAL CONCRETE STRESS

ORIGINAL FORCES (KIPS): SHOP 1 FIELD: I67D•..

STRESS SEQUENCE: 2 QE 27':

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

NA

AVERAGE: 1666

TOTAL ELASTIC SHORT. LOSS: ,::.82:7

AVERAGE ALL DOME TENDONS: .1639 ,

WIRE FACTOR: I.b1.00: 5

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT PRETIFORCE CR.5TH.1 FORCE m _____ FORC LOSS LOSS
(YR:MO) (LOG) (KIPS) (*.Goal) (KIPS) (KIPSI (KIPS) _ (IPS) (KIPS) (KIPS) IKIPS)

(A) 'i) I' I; I) I I: IF) (w[G (H) II I (J) iL) 10 . "(M) I (NJ (U)

1 3.5 151.6 2.57% 42.3 3.28 92,5 15 4.0 290.4 17.42% 1376 1307 1239 27
3 5.5 151.6 2.60% 42.7 3.86 108.B 18 5.0 308.1 18.49% 1358 1290 1223 27
5 7.5 151.6 2.68% 44.1 4.21 118.7 21 6.0 320.4 19.22% 1346 1279 1212 27

10 12.5 151.6 2.76% 45.4 4.62 130.3 25 7.0 334.3 20.06% 1332 1266 1199 27
15 17.5 151.6 2.81% 46.2 5.21 146.9 27.5 8.0 352.7 21.16% 1314 1248 1182 27
17 19.5 151.6 1311 1246 1180 27

20 22.5 151.6 2.87% 47.2 5.39 152.0 29 8.0 358.8 21.53% 1308 1242 1177 27
21:3 23.75 151.6 1306 1241 1175 27
25 27.5 151.6 2.89% 47.3 5.59 157.6 30.8 9.0 365.5 21.93% 1301 1236 1171 27

30 32.5 151.6 2.91% 47.8 5.78 163.0 32 9.0 371.4 22.28% 1295 1230 1166 27
35 37.5 151.6 2.93% 48.2 5.98 168.6 33 9.0 377.4 22.64% 1289 1225 1160 27
40 42.5 151.6 2.95% 48.5 6.18 174.3 34 10.0 384.4 23.06% 1282 1218 1154 27

I
21 23.5 1306 1241 1176
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Note: Revision 2 is generated to change start date

for the 6th 3urveitlance inspection from March

1997 to November 1997.
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES-

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP]

6th TENDON SURVEILLANCE -n"

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27

FILE: DOMER2.XLW (0216) Ift

00
01

TENDON: INITIAL CONCRETE STRESS (PSI) : NA

m
X
o-
+,r.

ORIGINAL FORCES (KIPS<. SHOP 1615;j FIELD[ 2:.1i:

STRESS SEQIUENCE: F27 OF 27
AVERAGE: 1614

TOTAL ELASTIC SHORT. LOSS: ) 82.71

AVERAGE ALL DOME TENDONS: 1639

WIRE FACTOR: , ;000

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

IN DIV IOU AL LOS SE S TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL { TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION I FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m inlin FORCE LOSS LOSS
(YR:MOI (LOGI ,[ IKIPS) (-.0001) (KIPS) _._,[KIPS I (KIPS) _KIPS K (KIPS) (KIPSI,IA).1 (8) (C) (m . U) Itii) (1+ l i "t ) tJ'j (..i 'K)"I Il I tn= (+ I t

1 3.5 75.0 2.57% 42.3 3.28 92.5 15 4.0 213.8 13.25% 1400 1330 1260 2
3 5.5 75.0 2.60% 42.7 3.86 108.8 18 5.0 231.5 14.35% 1382 1313 1244 2
5 7.5 75.0 2.68% 44.1 4.21 118.7 21 8.0 243.8 15.11% 1370 1301 1233 2

10 12.5 75.0 2.76% 45.4 4.62 130.3 25 7,0 " 257,7 15.97% 1356 1288 1220 2
15 17.5 75.0 2.81% 49.2 5.21 146.9 27.5 8.0 276.1 17.11% 1338 1271 1204 2
17 19.5 75.0 _ __ 1335 12B8 1202 2
20 22.5 75.0 2.87% 47.2 5.39 152.0 29 8.0 282.2 17.49% 1331 1265 1198 2

21:'3 23.75 75.0 ..... . 1330 1263 1197 2

25 27.5 75.0 2.89% 47.3 5.59 157.6 30.8 9.0 288.9 17.90% 1325 1259 1192 2
30 32.5y I 75.0" 2.91% 47.8 5.78 163,0 ,. 32 9.0 294.8 18.27% 1319 1253 1187 2
35 37.5 75,0 2.93% 48.2 5.98 168,6 33 9.0 300.8 18.64% Q313 1247 1182 2
40 42.5 75.0 2.95% 48.5 6.18 174.3 34 10.01 307.8 19.07% 1306 1241 " i75 2

21 23.5 1330 1264 1197 C7,.,
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Nt:Revision 2 is generated to change start date 0
for the 6th surveillance inspection from March
1997 to November 1997.
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OI1

CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27
FILE: DOMER3.XLW (D302)

m

4.
I

TENDON: D302 INITIAL CONCRETE STRESS (PSI) : NA

ORIGINAL FORCES (KIPS):
STRESS SEQUENCE:

SHOP. 1573 FIELD:' t460:
22 OF 2

AVERAGE: 1582
TOTAL ELASTIC SHORT. LOSS: 6'2"ý -

AVERAGE-ALL DOME TENDONS: 1639

WIRE FACTOR: . 0.957

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m in/in FORCE LOSS LOSS
(YR:MO) (LOG) (KIPS) (*.0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

IA I _F ý fC1 (DI (E [.) ) IM fI j (HY .I F i 7 (J) (K, ! L) (M) (N'tm I (u)

1 3.5 90.3 2.57% 42.3 3.28 92.5 15 4.0 229.1 14.48% 1353 1285 1217 48

3 5.5 90.3 2.60% 42.7 3,86 108.8 18 5.0 246.8 15.60% 1335 1268 1201 48

5 7.5 90.3 2.68% 44.1 4.21 118.7 21 6.0 259.1 16.38% 1323 1257 1190 48
10 12.5 90.3 2.76% 45.4 4.62 130.3 25 7.0 273.0 17.26% 1309 1243 1178 48

15 17.5 90.3 2.81% 46.2 5.21 146.9 27.5 8.0 291.4 18.42% 1290 1226 1161 48

17 19.5 90.3 1288 1224 1159 48

20 22.5 90.3 2.87% 47.2 5.39 152.0 29 8.0 297.5 18.81% 1284 1220 1156 48

21:3 23.75 90.3 1283 1218 1154 48

25 27.5 90.3 2.89% 47.3 5.59 157.6 30.8 9.0 304.2 19.23% 1278 1214 1150 48

30 32,5 90.3 2.91% 47.8 5.78 163.0 32 9.0 310.1 19.61% 1272 1208 1145 48

35 37.5 90.3 2.93% 48.2 5.98 168.6 33 9.0 316.1 19.98% 1266 1202 1139 48
40 42.5 90.3 2.95% 48.5 6.18 174.3 34 10.0 323.1 20.43% 1259 1196 1133 48

I
21 23.5 1283 1219 1155
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Note: Revision 3 is generated to include curve for the
6th surveillance inspection (November 1997).
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION) NON INTERACTION LOSSES-

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27
FILE: ODMER2.XLW 10303)

6th TENDON SURVEILLANCE
"1"1

0')

m
x

TENDON: D 0303 INITIAL CONCRETE STRESS (PSiO: NA

01
ORIGINAL FORCES JKIPS): SHOP:-. 164ý'ij. FIELD, 1681i'8
STRESS SEQUENCE: , 8 O . F 2i.

AVERAGE: 1643

TOTAL ELASTIC SHORT. LOSS: 827

AVERAGE ALL DOME TENDONS:'-:1639.,

WIRE FACTOR •"0 988.

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR
SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m infin FORCE LOSS LOSS

(YR:MO) (LOG) _ (KIPSI 1 (1.0D01 (KIPS) _ (KIPS) _KIPS_ (KIPSI (KIPS) (KIPS) (KIPS)

1 3.5 1332 2.57% 42.3 3.28 92.5 15 40 272.0 16.56% 1371 1302 1234 32
3 5.5 133.2 2.60% 42.7 3.86 1088 18 5.0 289.7 17.64% 1353 1285 1218 32

5 7.5 133.2 2.68% 44.1 4.21 118.7 21 6.0 302.0 18.38% 1341 1274 1207 32

10 12.5 133.2 2.76% 45.4 4.62 1303 25 7.0 315.9 19.23% 1327 1260 1194 32
15 17.5 133.2 2.81% 46.2 5.21 146,9 27.5 8.0 334.3 20.35% 1308 1243 1178 32

17 19.5 133.2 1306 1241 1175 32
20 22.5 133.2 2.87% 47.2 5.39 152,0 29 8.0 340.4 20.72% 1302 1237 1172 32

21:3 23.75 133.2 1301 1236 1171 32

25 27.5 133.2 2.89% 47.3 5.59 157.6 30.8 9.0 347.1 21.13% 1296 1231 1156 32
30 32.5 133.2 2.91% 47.8 5.78 163.0 32 9.0 353.0 21.49% 1290 1225 1161 32

35 37.5 133.2 2.93% 48.2 5.98 168.6 33 9.0 359. 21.85% 1284 1220 1155 32
40 42.5 1332 295% 4 6.188 174 34 10. 3660 22.28% 1277 1213 1149 32

21 23.5 1301 1235 1171 C3
C-)
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Note: Revision 2 is generated to change start date
for the 61h surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMEIII GROUP)
USE FOR DOME TENDONS WITH STRESSING SEQUENCES GREATER THAN 27

FILE: DOMER2.XLW (0304)

TENDON: • 304! INITIAL CONCRETE STRESS IPSI):

m

01
NA

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:
SHOP: ,162 FIELD. 51 Siý

j119 OF -5
AVERAGE: 1610

TOTAL ELASTIC SHORT. LOSS: 7:.4'

AVERAGE ALL DOME TENDONS: 1639
WIRE FACTOR: 1:000,

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

IN DIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR
SIT PLACEMENT SHiORT. PERCENT FORCE CR. STR. FORCE m infin "FORCE LOSS LOSS I

(YR:MOI (LOG) _(KIPS) (*.00011 (KIPS) _ (KIPSJ (KIPSI (KIPS) IKIPS, (KIPSI IKIP)
(A j (8) (C) IC DI)] IE) (F) ) I (H)] (1J (J) I 1K) l (LI] PM [INW (0

1 3.5 5.3 2.57% 42.3 3.28 92.5 15 4.0 144.1 8.95% 1466 1393 1319 .64
3 5.5 5.3 2.60% 42.7 3.86 108.8 ]8 5.0 161.8 10.05% 1448 1376 1303 64
5 7.5 5.3 2.68% 44.1 4.21 118.7 21 6.0 174.1 10.81% 1436 1364 1292 .64
10 12.5 5.3 2.76% 45.4 4.62 130.3 25 7.0 188.0 11.67% 1422 1351 1280 -64
15 17.5 5.3 2.81% 46.2 5.21 146.9 27.5 8.0 206.4 12.82% 1404 1333 1263 -64

17 19.5 5.3 1401 1331 1261 -64
20 22.5 5.3 2.87% 47.2 5.39 152.0 29 8.0 212.5 13.20% 1398 1328 1258 -64

21:3 23.75 5.3 1396 1326 1256 .64
25 27.5 5.3 2.89% 47.3 5.59 157.6 30.8 9.0 219.2 13.61% 1391 1321 1252 -64
30 32.5 5.3 2.91% 47.8 5.78 163.0 32 9.0 225.1 13,98% 1385 1316 1246 -84
35 37.5 5.3 2.93% 48.2 5.98 1686 33 9.0 231.1 14.35% 1379 1310 1241 -64
40 42.5 5.3 2.95% 48.5 6,18 174.3 34 10.0 238.1 14.79% 1372 1303 1235 -_4 I
21 23.5 1396 1326 1257 -v ~ 0

~. "'0
_ Ig~ (0

0

I 1.Sep.97



TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date
for the 6th surveitlance inspection from March
1997 to November 1997.
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET IDOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27
FILE: DOMER2.XLW (D305)

-I"

01
TENDON: 0305,,

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

INITIAL CONCRETE STRESS (PSI) : NA

SHOP : 1557 FIELD: 1602
20~ OF ,27

AVERAGE: 1629

TOTAL ELASTIC SHORT. LOSS: !Y82.7 .,•

AVERAGE ALL DOME TENDONS: 1639

WIRE FACTOR: OA98 2

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL N[ORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE -90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR.1 FORCE m in/in FORCE LOSS LOSS
(YR:MO) (LOG) ( -KIPS) (0001) KPKPS) (KIPS) (KIPS) -KIPS) {_IPS) (KPS)l •AJ I iiJ II LII I-- uJ- i~ WI ____-(G I i"J I- ' €,J 1 IK• --I I-- Ll -IM_ __J ____ ) - II lU

I 3.5 96.4 2.57% 42.3 3.28 92.5 15 4.0 235.2 14.44% 1394 1324 1255 8
3 5.5 96.4 2.60% 42.7 3.86 108.8 18 5.0 252.9 15.53% 1376 1307 1239 8
5 7.5 96.4 2.68% 44.1 4.21 118.7 21 6.0 265.2 16.28% 1364 1296 1228 8

10 12.5 96.4 2.76% 45.4 4.62 130.3 25 7.0 279.1 17.13% 1350 1283 1215 8
15 17.5 96.4 2.81% 46.2 5.21 146.9 27.5 8.0 297.5 18.26% 1332 1265 1198 8

17 19.5 96.4 1329 1263 1196 8

20 22.5 96.4 2.87% 47.2 5.39 152.0 29 8.0 303.6 18.64% 1326 1259 1193 8
21:3 23.75 96.4 1324 1258 1191 8

25 27.5 96.4 2.89% 47.3 5.59 157.6 30.8 9.0 310.3 19.05% 1319 1253 1187 8

30 32.5 96,4 2.91% 47.8 5.78 163.0 32 9.0 316.2 19.41% 1313 1247 1182 8

35 37.5 96.4 2.93% 48.2 5.98 1686 33 9.0 -1 322.2 19.78% 1307 1242 1176 8
40 42.5 9'6.4 2.95% 48.5 6.18 1743 34 100 329.2 20.21% 1300 1235 1170 8

21 23.5 1324 1258 1192 -0 no C2

m cý, -

CD

0"
008.Sep,97
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Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March
1997 to November 1997.
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"1

CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)
USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27
FILE: DOMER3.XLW (D306)

(

TENDON: 0306
it:,

ORIGINAL FORCES (KIPS):
STRESS SEQUENCE:

INITIAL CONCRETE STRESS (PSI) : NA I 31

SHOP. 1605 FIELD: :.1640

23 OF 27
AVERAGE: 1622

TOTAL ELASTIC SHORT. LOSS: ', 82J7

AVERAGE ALL DOME TENDONS: 1639
WIRE FACTOR: 0.988

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL D NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE CR. STR. FORCE m in/in FORCE LOSS LOSS
{YR:MO) (LOG) ý (KIPS) (1.0001) (KIPS)I (KIPS) (,KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(Al j B) !t l (F ) ý I .(F) I I I " I (H) (1) T -K ) [ I I IK) ( (N )

1 3.5 87.3 .2.57% 42.3 3.28 92.5 15 4.0 226.1 13.93% 1396 1327 1257 6
3 5.5 87.3 2.60% 42.7 3.86 108.8 18 5.0 243.8 15.02% 1379 1310 1241 6
5 7.5 87.3 2.68% 44.1 4.21 118.7 21 6.0 256.1 15.78% 1366 1298 1230 6

10 12.5 87.3 2.76% 45.4 4.62 130.3 25 7.0 270.0 16.64% 1352 1285 1217 6
15 17.5 87.3 2.81% 46.2 5.21 146.9 27.5 8.0 288.4 17.77% 1334 1267 1201 6

17 19.5 87.3 1 1332 1265 1198 6

20 22.5 87.3 2.87% 47.2 5.39 152.0 29 8.0 294.5 18.15% 1328 1262 1195 6
21:3 23.75 87.3 1326 1260 1194 6

25 27.5 87.3 2.89% 47.3 5.59 157.6 30.8 9.0 301.2 18.56% 1321 1255 1189 6
30 32.5 87,3 2.91% 47.8 5.78 163.0 32 9.0 307.1 18.93% 1315 1250 1184 6
35 37.5 87.3 2.93% 48.2 5.98 168.6 33 9.0 313.1 19.30% 1309 1244 1178 6
40 42.5 87.3 2.95% 48.5 6.18 174.3 34 10.0 320.1 19.73% 1302 1237 1172 6

21 23.5 1327 1260 1194 - mc
- C)•m V5

oo
0C.

22-Jan-98 CD

CD

j



-n,

TIME AFTER AVERAGE DATE OF CONCRETE DOME PLACEMENT (YEARS)
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6th surveillance inspection (November 1997). SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11/76)
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27

FILE: DOMER2.XLW (0310)
I

-n

01
m

E7- X

y1
TENDON:*'•! 0310 INITIAL CONCRETE STRESS (PSI): NA

ORIGINAL FORCES (KIPS): SO 1635 FIELD-I 1636

STRESS SEQUENCE: . 24 OF. .
AVERAGE: 1636

TOTAL ELASTIC SHORT. LOSS: j82;7
AVERAGE ALL DOME TENDONS- f' A16,39 .

WIRE FACTOR: - '0

NOTE: SHADED VALUES ARE EXTRACTED FROM OOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS -CREEP SHRINKAGE ... TOTAL TOTAL NORMALIZING
AFTER CONCRE TE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PAEET SHORT. PECN1FOEj CR. SIR. fFORCE minlin FORCE LOSS LOSS
(YR:MO) (LOG) (KIPSI (°.Of1O _KIPSI _KIPSI (KIPS) _KIPS) (KIPS) (KIPS) (KIPS)

(A) 7I - 11 I •c lu) 10, ,-h I i (G I I) I m (H1 ) ( J) - (K) JJ tL) I (M) I IN) I (U)

1 3.5 84.2 2.57% 42.3 3.28 92.5 15 4.0 223.0 13.63% 1413 1342 1272 .11

3 5.5 84.2 2.60% 42.7 3.86 108.8 18 5.0 240.7 14.71% 1395 1326 1256 -11

5 7.5 84.2 2.68% 44.1 4.21 118.7 21 6.0 253.0 15.46% 1383 1314 1245 -11

10 12.5 84.2 2.76% 45.4 4.62 130.3 25 7.0 266.9 16.31% 1369 1301 1232 .11

15 17.5 84.2 2.81% 46.2 5.21 146.9 27.5 8.0 285.3 17.44% 1351 1283 1216 -11

17 19.5 . 84.2 1348 1281 1214 -11

20 22.5 84.2 2.87% 47.2 5.39 152.0 29 8.0 291.4 17,81% 1345 1277 1210 .11

21:3 23.75 84.2 1343 1276 1209 -11

25 27.5 84.2 2.89% 47.3 5.59 157.6 30.8 9.0 298.1 18.22% 1338 1271 1204 -11

30 32.5 84.2 2.91% 47.8 5.78 163.0 32 9.0 304.0 18.58% 1332 1266 1199 .11

35 37.5 84.2 2.93% 48.2 5.98 168,6 33 9.0 310,0 18.95% 1326 1260 1193 -11

40 42.5 84.2 2.95% 48.5 6.18 174.3 34 10,0 317.0 19,37% 1319 1253 1187 dtl I
21 23.5 1343 1276 1209

m zo

0..)

0
(0

08-Sep.97
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER UNIT 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

DOME TENDON LOSSES WORK SHEET (DOMELOW GROUP)

USE FOR DOME TENDONS WITH STRESSING SEQUENCES LESS THAN 27

FILE: OOMER2.XLW (0311) .

m
x
9-.

ft 2
TENDON: D311 INITIAL CONCRETE STRESS (PSI): NA

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

SHOP 1687 FIELD ." 1677>:
6 OF r 27

AVERAGE: 1682

TOTAL ELASTIC SHORT. LOSS: 782.,

AVERAGE ALL DOME TENDONS: '1639 '"

WIRE FACTOR: 1 000

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTORSIT PLACEMENT SHORT. PERCENT] FORCE C•R'.STI.] FORCE m inlin iFORCE: LOSS LOSS

(YR:MO) (LOG) (KIPS) ('.0001) KIPS) ___P___K(KIPS) (KIPS (IKIPS) IKIPSI (KIPS)
( A l ) I ( c )I ( 0) I ( E) .. . I F) I ( 6 1 ( H ( 1 I • ) I J ) ( K) 7 [I L ) I M ) -(UI • )

1 .3.5 139.3 2.57% 42.3 3.28 92.5 15 4.0 278.1 16.53% 1404 1334 1264 0
3 5.5 139.3 2.60% 42.7 3.86 108.8 18 5.0 295.8 17.59% 1386 1317 1248 0
5 7.5 139.3 2.68% 44.1 4.21 118.7 21 6.0 308.1 18.32% 1374 1305 1237 0

10 12.5 139.3 2.76% 45.4 4.62 130.3 25 7.0 322.0 19.14% 1360 1292 1224 0
15 17.5 139.3 2.81% 46.2 5.21 146.9 27.5 8.0 340.4 20.24% 1342 1275 1208 0
17 19.5 139.3 1339 1272 1205 0

20 22.5 139.3 2.87% 47.2 5.39 152.0 29 8.0 346.5 20.60% 1336 1269 1202 0
21:3 23.75 139.3 1334 1267 1201 0

25 27.5 139.3 2.89% 47.3 5.59 157.6 30.8 9.0 353.2 21.00% 1329 1263 1196 0
30 32.5 139.3 2.91% 47.8 5.78 163.0 32 9.0 359.1 21.35% 1323 1257 1191 0
35 37.5 139.3 2.93% 48.2 5.98 168.6 33 9.0 365.1 21.71% 1317 1251 1185 0
40 42.5 139.3 2.95% 48.5 6.18 174.3 34 10] 372.1 22.12% 1310 1245 1179 0

21 23.5 1334 1268 1201

oo Co

0)
08-Sep.97
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Note; Revision 2 is generated to change start date 0

for the 6th surveillance inspection from March

1997 to November 1997.
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-n

01

mx

0I

CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6rh TENDON SURVEILLANCE
DOME TENION 'OSSES WORK SH)EE IDOMEHI GROUP)
USE FOR DOME TENDONS WITH STRESSING SEQUENCES GREATER THAN 27

FILE: DOMER2.XLW (D312)

TENDON: . 0312 INITIAL CONCRETE STRESS (PSI):
19L

NA

ORIGINAL FORCES (KIPS): SHOP..P: , 1.:!:: "i665":•::i FIELD! -I6i5:: i:•:.!!
STRESS SEQUENCE: 30 OF .

AVERAGE: 1640
TOTAL ELASTIC SHORT. LOSS: . ., 47.4=

AVERAGE ALL DOME TENDONS: 1638'

WIRE FACTOR. 1 000

NOTE: SHADED VALUES ARE EXTRACTED FROM DOMEINP WORK SHEET

INDIVIOUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARSPERIOD AFTER STRESS '"CRE:EP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE C R. STH. FORCE m inlin FORCE LOSS LOSS(YR:MO) (LOG) (KIPS) ( .0001) IKIPS) (KIKIPS) (KIPS) (KIPS ( IKIPSI (KIPS) IKIPS)
IA) , I_ _ . . (C j I D) I (E I (F) 1)I (G I [ H [ ) ] ... J 1K) Wll (IM) I1IN) . 01

1 3.5 5.3 2.57% 42.3 3.28 92.5 15 4.0 144.1 8.78% 1496 1421 1346 -83
3 5.5 5.3 2.60% 42.7 3,86 108.8 18 5.0 161.8 9,86% 1478 1404 1330 -93
5 7.5 5.3 2.68% 44.1 4.21 118.7 21 6.0 174.1 10.61% 1466 1393 1319 -93
10 12.5 5.3 2.76% 45.4 4.62 130.3 25 7.0 188.0 11.46% 1452 1379 1307 .93
15 17.5 5.3 2.81% 46.2 5.21 146.9 27.5 8.0 206.4 12.58% 1434 1362 1290 -93
17 19.5 5.3 1431 1360 1288 .93
20 22.5 5.3 2,87% 47.2 5.39 152.0 29 8.0 212.5 12.95% 1428 1356 1285 -93

21:3 23.75 5.3 1426 1355 1283 -93
25 27.5 5.3 2.89% 47.3 5.59 157.6 30.8 9.0 219.2 13.36% 1421 1350 1279 -93
30 32.5 5,3 2.91% 47.8 5.78 163.0 32 9.0 225.1 13.72% 1415 1344 1273 -93
35 37.5 5.3 2.93% 48.2 5.98 168.6 1 33 9.0 231.1 14.09% 1409 1339 1268 -93
40 42.5 5.3 2.95% 48.5 618 1743 34 10.0 238.1 14.52% 1402 1332 1262 -93

21 23.5 1426 1355 1284 -0 C3

13

(CD

0)
0

08.Sep.97
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NIfote: Revision 2 is generated to change start date

for the 6th surveillance inspection from Match

1997 to November 1997.
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O Florida DESIGN ANALYSIS/CALCULATIONPower Crystal River Unit 3
qW CORtPORATION

Page 62
DOCUMENT IDENTIFICATION NO REVISION

Calculation S-95-0082 0

6.4 Hoop Tendons

HOOP TENDONS

Tendons Listing & Input Data Sheet

Individual Tendons Losses Worksheets

Individual Tendons Force Curves

I
6W RET: LIt of Plant RESP: Nucear Erngineeiing



FM 6.5 Exhibit 5 page 69 of 191

CRYSTAL RIVER UNIT 3 - 6th TENDON SURVEILLANCE

HOOP TENDONS DATA INPUT

Ref.

DOC ID:S-g5-0082

REVISION 3

PAGE (vZ
Initial Concrete Stress =

Average Force =

Total Stress Sequence (N) =

Total Elastic Shortening Losses

173•2.0(ksi) (2) Page 7A. 7B, 7C

~6•~? .. (kips) (2) Page 15

134.: See (2) & Attachment E

Lift-off Pressure (ksi) (1) Stress No. of Wire Original Forces (kips)

Tendon Shop End Field End Sequence Effective Factor Shop Field Remarks
No, Predicted Actual Predicted i Actual (n) (2) Wires (1) #/163 (4) End (5) T End (5) (31

_ A_____ '_(B) _ __C _ I _ _D _ I _ ___ _l____I ____ (H( (D) (J'E) (KF I
42H17 6870 7060 6810 6800 27 163 1.000 1684 1637
K41H8::68 7100 679 6O 43 165Z00 7167

42H19 6870 6900 6110 6850 27 163 1.000 1646 1649

42H29 6870 6850 6810 6850 31 163 1.000 1634 i649
42H30 6870 6950 6790 6750 41 163 1.000 1658 1629

42H31 6870 7000 6810 6800 32 163 1.000 1670 1637

42H33 6870 7000 6810 6900 33 163 1.000 1670 1661
42H34 6750 6800 6660 6750 41 160 0.982 1621 1631
42H35 6830 7000 6770 6750 33 162 0.994 1669 1624
42H36 6870 7150 6790 6850 40 163 1.000 1706 1653
42H37 6870 6800 6810 6900 34 163 1.000 1622 1661

42H43 6870 6750 6810 6700 36 163 1.000 1610 1612

42H45 6870 1 7000 6810 6900 37 163 1.000 1670 1 1661

461-20/ 6640 6930 6600 6600 44 160 0.9132 1679 1609

46H22 6720 6750 6730 7000 '43 162 0.994 1636 1694

51H25 6770 6650 6800 7000 12 162 0.994 1600 1677
~.51:26..6760 7000 6760::::~-6&00,- - 3 16- :,000 1%7 124 *~

51H27 6740 6700 6670 6650 9 161 0.988 1609 1614

51H28 6760 6950 6750 6800 52 163 1.000 1685 1651
51H29 6810 6775 6750 6700 9 163 1.000 1631 1627

53H1 6700 6850 6760 6700 20 161 0.988 1655 1604

- -2 ,.:0 6..0. 1653-,-14-7-A

53H3 6670 6660 6710 6660 20 161 0.988 1616 1607

53H45 6840 6700 6800 6900 3 163 1.000 1605 1663

mR~:660 65 673O. ii~50 49 ..63.. ...0.l12 144 6.
53H47 6840 7000 6800 7050 3 163 1.000 1677 1699

62H21 6760 6800 6700 6750 27 162 0.994 1639 1641

62H23 6800 6900 :6750:.::... 6750:. 2 163 1.000 1639 1639
62H23 6800 6800 6750 6750 28 163 1 .000] 1639 1639 ____

I BE



FM 6.5 Exhibit 5 page 70 of 191

CRYSTAL RIVER UNIT 3 - 6th TENDON SURVEILLANCE
HOOP TENDONS DATA INPUT

Ref.

Initial Concrete Stress = .1732.0 (ksi) (2) Page 7A, 78, 7C

Average Force = -+163'.0 (kips) (2) Page 15

Total Stress Sequence (N)= . .
Total Elastic Shortening Losses =:1i:'34: See (2) & Attachment E

.:.... .. ::ee (2) & Attachment E:::::::

DOC ID:S-95-0082

REVISION 3
PAGrE 44

Lift-off Pressure (ksi) (1) Stress No. of Wire Original Forces (kips)

Tendon Shop End Field End Sequence Effective Factor Shop Field Remarks
No. PredictedI Actual Predicted] ActuaF In) (2) Wires (1) #1163 14)" End N5) End (5) 13)
(A) (B) fC) (D) (E) (F) ' ... (H) {I) U)

62H39 6800 6900 6750 6800 35 162 0.994 1653 1641
62H40 6800 6800 6750 6750 39 163 1.000 1639 1639

62H42 6800 6700 6750 6600 39 163 1.000 1615 1603

62H43 6710 6550 6670 6600 36 161 0.988 1580 1602

62H44 6800 6750 6750 6900 38 163 1.000 1627 1675

62H45 6760 6800 6700 6600 37 162 •0.994 1639 1605

62H47 6680 6600 6640 6500 38 10 0.982 1590 1575

File: HOOPR3.XLW (HOOPINP)

Note:
(1) Ref. Crystal River 3 RIB Tendon History Sheets - Hoop Tendons for Original Stressing

(2) Ref. Crystal River 3 Tendon Surveillance Loss Calculations, Tendon Stress Sequence, Pages 29, 29a and 29b.

(3) S =Selected tensons, C =Control tendon, D =Detensioned tendon, A =Alternate tendon
E = Exempted Tendons (5th Surveillance), All Other Tendons are Adjacents

(4) Wire factors are calculated based on the number of effective wires divided by 163.

1A !

(5) Original forces calculated based on the expression in Section 6.2.2 22-Jan-98

1:24 PM



CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR2.XLW (42H17) I

Z-n

x
Itz 7J

E1TENDON: . 42H17: INITIAL CONCRETE STRESS (PSI): 7.732

ORIGINAL FORCES (KIPS):
STRESS SEQUENCE:

SHOP- . 684:=;. FIELD : 137
OF 60

AVERAGE: 1660
TOTAL ELASTIC SHORT. LOSS: 134.

AVERAGE ALL HOOP TENDONS: , 1635.-

WIRE FACTOR: 1 00

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE miniini FORCE LOSS LOSS
(YR:MO) (LOG) (KIPS) (¶.0001) (KIPS) _ (KIPS) KIPS) _KIPS) IKIPS) (KIPS) (KIPS)

(A) ( e) ( IC) (0) ([E) (F) ] (G) (H) (1... ) ( K) () ]l (L ] (M) I (N) I I 0

1 5.4 73.7 2,57% 42.0 0.090 39.5 6.0 1.7 156.9 9.45% 1504 1428 1353 -17
3 7.4 73.7 2.60% 42.5 0.110 48.5 8.5 2.4 167.1 10.06% 1493 1419 1344 -17
5 9.4 "73.7 2.68% 43.8 0.123 54.1 10.0 2.8 174.4 10.50% 1486 1412 1337 -17
10 14.4 73.7 2.76% 45.1 0.150 66.0 13.5 3.8 188.6 11.36% 1472 1398 1325 -17
15 19.4 73.7 2.81% 45.9 0.167 73.6 15.5 4.4 197.6 11.90% 1463 1390 1317 -17
17 21.4 73.7 1460 1387 1314
20 24.4 73.7 2.87% 4&.9 0181 79.0 17.5 4.9 204.5 12.32% 1456 1383 1310 -17

21:3 25.65 73.7 _1455 1382 1309
25 29.4 73.7 2.88% 47.1 0.190 83.2 19.5 5.5 209.5 12.62% 1451 1378 1306 -17
30 34.4 73.7 2.91% 47.6 0.200 88.0 20.4 5.8 215.1 12.95% 1445 1373 1301 -17
35 39.4 73.7 2.93% 47.9 0.209 91.9 21.5 6.1 219.6 13.22% 1441 1369 1297 -17
40 44.4 7337 2.95% 48.2 0.215 947 22.5 6.4 223.0 13.43% 1437 1366 1294 -17

I
21 25.4 1455 -- 1382 1309 =a m

Sc,

0,
_I,

(D

11-Sep-97
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Note: Revision 2 is generated to change start date
for the 6th survemance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR2.XLW (42H 18)

TENDON: t .42710 INITIAL CONCRETE STRESS (PSI). -1 73Z!:1;32-''

-n

0')•Z.:

C-n

M°

ORIGINAL FORCES (KIPS): SHOP 701 FIELD:' 627
STRESS SEQUENCE: OF .60

AVERAGE: 1664
TOTAL ELASTIC SHORT. LOSS; 34.0"

AVERAGE ALL HOOP TENDONS: 1635
WIRE FACTOR. OO' ,

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTEO FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL 'TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTORSIT PLACEMENT SHORT. PERCENT FORCE SP. CR. [FORCE minlin [ FORCE LOSS LOSS

(YR:MO) (LOG) (KIPS) ('.0001) (KIPS) (KI (KIPS) (KIPS) (KIPS) (KIPS ) (KIPS)

(A) (6) (I J ID) (E) l F I (F() (G (H) J I (K I) (L) ] (MI IN) (0)

•1 5.4 38.0 2.57% 42.0 0.090 39.5 6.0 1.7 121.2 7.28% 1543 1466 1389 -56

3 7.4 38.0 2.60% 42.5 0.110 48.5 8.5 2.4 131.4 7.89% 1533 1456 1380 -56
5 9.4 38.0 2.68% 43.8 0.123 54.1 10.0 2.8 138.7 8.33% 1526 1449 1373 -56
I0 14.4 38.0 2.76% 45.1 0.150 66.0 13.5 3.8 152.9 9.19% 1511 1436 1360 -56
15 19.4 38.0 2.81% 45.9 0.167 73.6 15.5 . 4.4 161.8 9.72% 1502 1427 1352 -56
17 21.4 38.0 1500 1425 1350
20 24.4 38.0 2.87% 46.9 0.181 79.0 17.5 4.9 168.8 10.14% 1495 1421 1346 -56

21:3 25.65 38.0 1494 1419 1345
25 29.4 38.0 2.88% 47.1 0.190 83.2 19.5 5.5 173.8 10.44% 1490 1416 1341 -56
30 34.4 38,0 2.91% 47.6 0.200 88.0 20.4 5,8 179.3 10.78% 1485 1411 1336 -56
35 39.4 380 2.93% 47.9 0.209 91.9 21.5 6.1 183.8 11.05% 1480 1406 1332 -56
40 44.4 380 2.95% 48.2 0.215 94.7 22.5 6.4 187.2 11.25% 1477 1403 1329 .56

18/2------11--------%--------------------------------
21 25.4 1494 1420 1345

(0
11-Sep.97
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION i NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR2.XLW (42H19)

TENDON: 42H19 INITIAL CONCRETE STRESS (PSI): 1732

-n

0)
x0

2Tr

ORIGINAL FORCES (KIPSI: SHOP: i66 FIELD.: i" 49.i
STRESS SEQUENCE: " 27. -- oF 60

AVERAGE: 1647
TOTAL ELASTIC SHORT. LOSS: .340,,

AVERAGE ALL HOOP TENDONS: 135
WIRE FACTOR: -lO0

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP 'SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

(YR:MO) (LOG) (KIPS) .J.0001) (KIPS) (KIKIPS) IKIPS) (KIPSI IKIPS) (KIPS) (KIPS)

AA) (B) (CI 10() ] (E 1 (9-F I QGIi (H) [ I, ) 1 (J) I 1K) I IQ (M) (N) l 0O

1 5.4 73.7 2.57% 42.0 0.090 39.5 6.0 1.7 156.9 9.52% 1490 1416 1341 -4
3 7.4 73.7 2.60% 42.5 0.110 48.5 8.5 2.4 167.1 10.14% 1480 1406 1332 -4
5 9.4 73.7 2.68% 43.8 0.123 54.1 10.0 2.8 174.4 10.59% 1473 1399 1326 -4

10 14.4 73.7 2.76% 45.1 0.150 66.0 13.5 3.8 188.6 11.45% 1459 1386 1313 -4
15 19.4 73.7 2.81% 45.9 0.167 73.6 15.5 4.4 197.6 11.99% 1450 1377 1305 -4
17 21.4 73.7 1447 1375 1302
20 24.4 73.7 2.87% 46.9 0.181 79.0 17.5 4.9 204.5 12.42% 1443 1371 1299 .4

21:3 25.65 73.7 1442 1369 1297
25 29.4 73.7 2.88% 47.1 0.190 83.2 19.5 5.5 209.5 12.72% 1438 1366 1294 .4
30 34.4 73.7 2.91% 47.6 0.200 88.0 20.4 5.8 215.1 13.05% 1432 1361 1289 -4
35 39.4 73.7 2.93% 47.9 0.209 91.9 21.5 6.1 219.6 13.33% 1428 1356 1285 4
40 44.4 73.7 2-95% 48.2 0.215 94.7 22.5 6.4 223.0 13.53% 1424 13p3 1282 .4

21 25.4 1442 1370 1298 ci
~. 1~1 ci

~ C-,

- cic~ ~..

C
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0Note: Revision 2 is generated to change start
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION i NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR3.XLW 142H29)

TENDON: 42H29 INITIAL CONCRETE STRESS (PSI): V7lh2' ,•_i•

ORIGINAL FORCES (KIPS):

STRESS SEOUENCE:

SHOP:f 1634 : FIELD: *164 I9,h'

S3 ; OF 60

AVERAGE: 1641
TOTAL ELASTIC SHORT. LOSS: • 134.0:

AVERAGE ALL HOOP TENDONS: 1635
WIRE FACTOR: -i.:000

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

IN DIVID UAL LOSSES TOTALLOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT, PERCENT FORCE SP. CR.' FORCE m in~in FORCE LOSS LOSS
(YR:MO) (LOG) (KIPS) (!.0001 (KIPS) (KIPS) IKIPS) I (KIPS) (KIPS) (KIPS) (KIPS)

_(D) () (F) (G) I -() I (J I K If I (M) __O

1 5.4 64.8 2.57% 42.0 0.090 39.5 6.0 1.7 148.0 9.01% 1493 1419 1344 -7

3 7.4 64.8 2.60% 42.5 0.110 48.5 8.5 2.4 158.2 9.64% 1483 1409 1335 -7

5 9.4 64.8 2.68% 43.8 0.123 54.1 10.0 2.8 165.5 10.08% 1476 1402 1328 -7
10 14.4 64.8 2.76% 45.1 0.150 66.0 13.5 3.8 179.7 10.95% 1462 1389 1316 -7

15 19.4 64.8 2.81% 45.9 0.167 73.6 15.5 4.4 188.6 11.49% 1453 1380 1307 -7
17 21.4 64.8 1450 1377 1305

20 24.4 64.8 2.87% 46.9 0.181 79.0 17.5 4.9 195.6 11.92% 1446 1373 1301 -7
21:3 25.65 64.8 1445 1372 1300

25 29.4 64.8 2.88% 47.1 0,190 83.2 19.5 5.5 200.6 12.22% 1441 1369 1297 -7
30 34.4 64.8 2.91% 47.6 0.200 88.0 20.4 5.8 206.1 12.56% 1435 1363 1292 -7

35 39.4 64.8 2.93% 47.9 0.209 91.9 21.5 6.1 210.6 12.83% 1431 1359 1288 .7
40 44,4 4, 2.95% 49.2L 0.215 94.7 22.5 6.4 214.0 13.04% 1427 1356 1285 -

21 25.4 1445 1373 13OO

26-Jan-98
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 3 is generated to include curve for the
6th surveillance inspection (November 1997).
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR3.XLW (421-130)

-n

mx

TENDON: 4 2H30 INITIAL CONCRETE STRESS (PSI): 1732

ORIGINAL FORCES (KIPS):
STRESS SEQUENCE:

SHOP:;, 1658 FIELD:

4 ,- . . . ;..OF . 6
AVERAGE: 1644

TOTAL ELASTIC SHORT. LOSS: "34.

AVERAGE ALL HOOP TENDONS: 135

WIRE FACTOR: 1 .000

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR
SIT PLACEMENT SHORT. PERCENT T FORCE SP. CR. : OC ni OC OS LS

(YR:MO) (LOG)[ (KIPS) -.OOl I IKIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) { 8 (C) (D) [ (E) IF) .(G.) (H) [ I) (J) ___K__II L) (M) IN) (0)

1 5.4 42.4 2.57% 42.0 0,090 39.5 6.0 1.7 125.6 7.64% 1518 1442 1366 -32
3 7.4 42.4 2.60% 42.5- 0,110 48.5 8.5 2.4 135.8 8.26% 1508 1432 1357 -32
5 9.4 42.4 2.68% 43.8 0.1.23 54.1 10.0 2.8 143.1 8.71% 1501 1425 1350 -32

10 14.4 42.4 2.76% 45.1 0.150 66.0 13.5 3.8 157.3 9.57% 1486 1412 1338 -32
15 19.4 42.4 2.81% 45.9 0.167 73.6 15.5 4.4 166.3 10.12% 1477 1403 1330 -32

17 21.4 42.4 1475 1401 1327
20 24.4 42.4 2.87% 46.9 0.181 79.0 17.5 4.9 173.3 10.54% 1470 1397 1323 -32

21:3 25.65 42.4 1469 1396 1322
25 29.4 42.4 " 2.88% 47.1 0.190 83.2 19.5 5.5 178.2 10.84% 1465 1392 1319 -32
30 .34.4 42.4 2.91% 47.6 0.200 88.0 20.4 5.8 183.8 11.18% 1460 1387 1314 -32

35 39.4 42.4 2.93% 47.9 0.209 91.9 21.5 6.1 188.3 11.46% 1455 1383 1310 -32
40 44.4 42.4 2.95% 48.2 0.215 94.7 22.5 6.4 191.7 11.66% 1452 1379 1307 -32

21 25.4 1469 1396 1322 1 I
-p - 8a.LA8 0 ••

z
27-Jan-98
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 3 is generated to include curve for
the 6th surveillance inspection (November 1997).
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOGPR2.XLW (42H311

TENDON. ;•/42H•31 iINITIAL CONCRETE STRESS (PSI): i72

01

m

0x

ORIGINAL FORCES (KIPS): SHOP: , 1670 FIELD 1637 3
STRESS SEQUENCE: OF32:, OF ' . ..

AVERAGE: 1653

TOTAL ELASTIC SHORT. LOSS: 134.0

AVERAGE ALL HOOPTENDONS: i l63S•

WIRE FACTOR: : 1.:000:, -•,.

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

fINDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m inlin FORCE LOSS LOSS Ii
(YR:MOI (LOG) (KIPS) 1-.0001) (KIPS) (KIPS) (KIPS) (KIPS) {KIPS) IKIPSI (KIPS)

IFA)- I IB (C) I o) I (E) I (F) (0)) ..... I ... K) II (L) I M) (N)i ()

1 5.4 62.5 2.57% 42.0 0.090 39.5 6.0 1.7 145.7 8.81% 1508 1432 1357 -21
3 7.4 62.5 2.60% 42.5 0.110 48.5 -8.5 2.4 155.9 9.43% 1497 1422 1348 -21

5 9.4 62.5 2.68% 43.8 0.123 54.1 10.0 2.8 163.2 9.87% 1490 1416 1341 -21

]0 14.4 62.5 2.76% 45.1 0.150 66.0 13.5 3.8 177.4 10.73% 1476 1402 1328 -21
15 19.4 62.5 2.81% 45.9 0.167 73.6 15.5 4.4 186.4 11.28% 1467 1393 1320 -21
17 21.4 62.5 1464 1391 1318
20 24.4 62.5 2.87% 46.9 0.181 79.0 17.5 4.9 193.4 11.70% 1460 1387 1314 -21

21:3 25.65 62.5 1459 1386 1313

25 29.4 62.5 2.88% 47.1 0.190 83.2 19.5 5.5 198.3 12.00% 1455 1382 1309 -21
30 34.4 62.5 2.91% 47.6 0200 880 20.4 5.8 203.9 1Z33% 1449 1377 1304 .21
35 39.4 62.5 2.93% 47.9 0.209 91.9 21.5 6.1 208.4 12.61% 1445 1373 1300 -21
40 44.4 62.5 2.95% 48.2 0.215 94.7 1 22.5 6.4 211.0 12.81% 1441 1369 1297 .

21 25.4 1459 1386 1313
-Bý
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET
F!LE: HOOPR2.XLW 142H32)

-n

0)
x0

c!
TENDON: 4H3 INITIAL CONCRETE STRESS (PSI): ;':- 1732.i ý ( '

ORIGINAL FORCES (KIPS):
STRESS SEDUENCE:

SHOP '0 : 161'0:':"*. FIELD:
41 ~ OF :6:.

AVERAGE: 1626
TOTAL ELASTIC SHORT. LOSS: '134.0

AVERAGE ALL HOOP TENDONS: . 1635
WIRE FACTOR .

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. 1. FORCE m inlin FORCE LOSS LOSS
(YR:MO) (LOG) (KIPSJ____00KIPS) 1OO KIPS) (KIPS) KPSI (KIPS) (KIPSI (KIPS) (KIPS)

(A) ____ "II (C) J (0) (E) e-' ] I J1 IH)I (1) (J) (K) I Ll (M) (N) IN (0)

1 5.4 42.4 2.57% 42.0 0.090 39.5 6.0 1.7 125.6 7,73% 1500 1425 1350 -15
3 7.4 42.4 2.60% 42.5 0.110 48.5 8.5 2.4 135.8 8.35% 1490 1415 1341 -15
5 9.4 42.4 2.68% 43.8 0.123 54.1 10.0 2.8 143.1 8.80% 1483 1409 1334 .15

10 14.4 42.4 2.76% 45.1 0.150 66.0 13.5 3.8 157.3 9.68% 1468 1395 1322 -15
15 19.4 42.4 2.81% 45.9 0.167 73.6 15.5 4.4 166.3 10.23% 1460 1387 1314 .15
17 21.4 42.4 1457 1384 , 1311
20 24.4 42.4 2.87% 46.9 0.181 79.0 17.5 4.9 173.3 10.66% 1453 1380 1307 -15

21:3 25.65 42.4 1451 1379 1306
25 29.4 42.4 2.88% 47.1 0,190 832 19.5 5.5 178.2 10.96% 1448 1375 1303 .15
30 34.4 424 2.91% 47.6 0.200 88.0 20.4 5.8 183.8 11.30% 1442 1370 1298 -15
35 39.4 424 293% 47.9 0.209 91.9 21.5 6.1 188.3 11.58% 1438 1366 1294 -15
40 44.4 42.4 2.9b% 48.2 0.215 94.7 22.5 6.4 191 11.7 1 1362 1291 -15 I
21 25.4 1452 1379

1306 _ I 3
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Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March
1997 to November 1997.
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SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11176)

00

0
hI



ýW ____ . N-

CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW 142H33)

-n

TENDON: . .. .. INITIAL CONCRETE STRESS (PSI): ý:'A'1)32

ORIGINAL FORCES (KIPS): SHOP *"1670 FIELD: i661
STRESS SEQUENCE: OF:33 : OF 60,

AVERAGE: 1665
TOTAL ELASTIC SHORT. LOSS: 340

AVERAGE ALL HOOP TENDONS: 163!.

WIRE FACTOR: 1000

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE. m inlin FORCE LOSS LOSS
(YR:MO) (LOG) (KIPS) (.0001I (KIPS) (KIPS) (KIPS) _KIPS) (KIPS) (,KIPS) (KIPS)

(A) J (B) (C) JO) (__E) (F) (G) (H) ] (I) I {J_ (_) IL) (M)I (N) I()

1 5.4 60.3 2.57% 420 0.090 39.5 6.0 1.7 143.5 8.62% 1522 1446 1370 -35
3 7.4 60.3 2.60% 42.5 0.110 48.5 8.5 2.4 153.7 9.23% 1512 1436 1360 -35
5 9.4 60.3 2-68% 43.8 0.123 54.1 10.0 28 161.0 9.67% 1504 1429 1354 -35
10 14.4 60.3 2.76% 45.1 0.150 66.0 13.5 3.8 175.2 10.52% 1490 1416 1341 -35.
15 19.4 60.3 2.81% 45.9 0.167 73.6 15.5 4.4 184.2 11.06% 1481 1407 1333 -35
17 21.4 60.3 1478 1404 1330
20n 24.4 60.3 2.87% 46.9 0.181 79.0 17.5 4.9 191.1 11.48% 1474 1400 1327 .35

21:3 25.65 60.3 - 1473 1399 1326
25 29.4 60.3 2.88% 47.1 0.190 83.2 19.5 5.5 196.1 11.78% 1469 1396 1322 -35
30 34.4 60.3 2.91% 47.6 0,200 88.0 20.4 5.8 201.7 12.11% 1464 1390 1317 .35
35 39.4 60.3 2.93% 47.9 0.209 91.9 21.5 6.1 206.2 12.38% 1459 1386 1313 -35
40 44.4 60.3 2.95% 48.2 0.215 94.7 22.5 6.4 209.6 12.58% 1456 1383 1310 .35

- - - , --- --- --- -- --- --- --

21 25.4 1473 1399 1326 - m
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Note: Revision 2 is generated to change start

date for the 6th surveillance inspection from

March 1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR3.XLW 142H34)

-n

0)

m
x

TENDON: 42H34' INITIAL CONCRETE STRESS (PSI): 1732

ORIGINAL FORCES (KIPS): SHOP:.' 1621<Iý--, FIELD: !1631 QI AVERAGE: 1626

STRESS SEQUENCE: 41 , OF '80 TOTAL ELASTIC SHORT. LOSS: 134.0 ?'q

AVERAGE ALL HOOP TENDONS: f65 1635 !

WIRE FACTOR: 0.9U2-'

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. F FORCE m in/in FORCE LOSS LOSS

(YR:MOI (LOG)[__ (KIPS) (-.0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) 1 (B8 ý (C) ID) J _ E) . (F) . (G) (H) . (I) , (J) {K) (L) f (M) (NI II (01

1 5.4 41.7 2.57% 42.0 0.090 39.5 6.0 1.7 124.8 7.68% 1501 1426 1351 -14

3 7.4 41.7 2.60% 42:5 0.110 48.5 8.5 2.4 135.1 8.31% 1491 1416 1341 -14

5 9.4 41.7 2.68% 43.8 0.123 54.1 10.0 2.8 142.4 8.76% 1483 1409 1335 -14

10 14.4 41.7 2.76% 45.1 0.150 66.0 13.5 3.8 156.6 9.63% 1469 1396 1322 -14

15 19.4 41.7 2.81% 45.9 0.167 73.6 15.5 4.4 165.5 10.18% 1460 1387 1314 -14

17 21.4 41.7 1457 1384 1312

20 24.4 41.7 2.87% 46.9 0.181 79.0 17.5 4.9 172.5 10.61% 1453 1380 1308 -14

21:3 25.65 41.7 " 1452 1379 1307

25 29.4 41.7 . 2.88% 47.1 0.190 83.2 19.5 5.5 177.5 10.92% 1448 1376 1303 -14

30 34.4 41.7 2.91% 47.6 0.200 88.0 20.4 5.8 183.0 11.26% 1443 1370 1298 -14

35 39,4 41.7 2.93% 47.9 0.209 91.9 21.5 6.1 187.5 11.53% 1438 1366 1294 -14
40 44.4 41.7 2.95% 48.2 0.215 94.7 22.5 6.4 190.9 11,74% 1435 1363 1291 -14

21 25.4 1452 1380 1307 -~ ~n.o
~- c~n
.. ~ ~18~
an -. 0..
0o *Z(
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 3 is generated to include curve for the
6th surveillance inspection (November 1997).
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET m

x
FILE: HOOFR3.XLW (421-35)

L-

TENDON: 42H35

ORIGINAL FORCES (KIPS):
STRESS SEQUENCE:

INITIAL CONCRETE STRESS (PSI): 1'Y::1j;7iI

SHOP: 1669 , FIELD: 1624

33 OF
AVERAGE: 1647

TOTAL ELASTIC SHORT. LOSS: `Q3 '

Ln

AVERAGE ALL HOOP TENDONS: V, 1635
WIRE FACTOR: •>O 994

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS _____ ______________ ________ ____ ________ ________

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m in/in FORCE LOSS LOSS
(YR:MO) (LOG) (KIPS) (.0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) I (B) (C) ID) I (E) (F) (G) .I (H) '1)M (JK FI W I (M I (N)" I

1 5.4 59.9 2.57% 42.0 0.090 39.5 6.0 1.7 143.1 8.69% 1504 1428 1353 -17
3 7.4 59.9 2.60% 42.5 0.110 48.5 8.5 2.4 153.3 9.31% 1493 1419 1344 -17
5 9.4 59.9 2.68% 43.8 0.123 54.1 10.0 2.8 160.6 9.75% 1486 1412 1338 -17
10 14.4 59.9 2.76% 45.1 0.150 66.0 13.5 3.8 174.8 10.62% 1472 1398 1325 -17
15 19.4 59.9 2.81% 45.9 0.167 73.6 15.5 4.4 183.8 11.16% 1463 1390 1317 -17
17 21.4 59.9 1460 1387 1314

20 24.4 59.9 2.87% 46.9 0.181 79.0 17.5 4.9 190.8 11.58% 1456 1383 1310 -17
21:3 25.65 59.9 1455 1382 1309

25 29.4 59.9 2.88% 47.1 0.190 83.2 19.5 5.5 195.7 11.89% 1451 1378 1306 -17
30 34.4 59.9 2.91% 47.6 0.200 88.0 20.4 5.8 201.3 12.22% 1445 1373 1301 -17
35 39.4 59.9 2.93% 47.9 0.209 91.9 21.5 6.1 205.8 12.50% 1441 1369 1297 -17
40 44.4 59.9 2.95% 48.2 0.215 94.7 22.5 6.4 209.2 12.70% 1438 1366 1294 -17

I

21 25.4 1455 138

27-Jan-98
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 3 is generated to include curve for the

6th surveillance inspection (November 1997).
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-n

CRYSTAL RIVER 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR3.XLW (42H36)rqr

C
TENDON: ...H.... . INITIAL CONCRETE STRESS (PSI): 17*32'

ORIGINAL FORCES (KIPS):
STRESS SEOUENCE:

ci
SHOP:. FIELD:.: 1653

40 OF

,•t• AVERAGE: 1680
TOTAL ELASTIC SHORT. LOSS: 1 D.34"O'•

AVERAGE ALL HOOP TENDONS: i. .635
WIRE FACTOR: 1 1.6000'.

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION I FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m infin FORCE LOSS LOSS
(YR:MOJ (LOG) (KIPS) (.0001, (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPSM

(A) (SI !! (C) () I .(E) _ fl _ G_ _____ (I) I (J) K IL) (M) *1 N) *I (0)

1 5.4 44.7 2.57% 42.0 0.090 39.5 6.0 1.7 127.9 7.61% 1552 1474 1397 -65
3 7.4 44.7 2.60% 42.5 0.110 48.5 8.5 2.4 138.1 8.22% 1542 1464 1387 -65
5 9.4 44.7 2.68% 43.8 0.123 54.1 10.0 2.8 145.4 8.65% 1534 1457 1381 -65
10 14.4 44.7 2.76% 45.1 0.150 66.0 13.5 3.8 159.6 9.50% 1520 1444 1368 -65
15 19.4 44.7 2.81% 45.9 0.167 73.6 15.5 4.4 168.5 10.03% 1511 1435 1360 -65
17 21.4 44.7 1508 1433 1357
20 24.4 44.7 2.87% 46.9 0.181 79.0 17.5 4.9 175.5 10.45% 1504 1429 1354 -65

21:3 25.65 44.7 1503 1428 1353

25 29.4 44.7 2.88% 47.1 .0.190 83.2 19.5 5.5 180.5 10.74% 1499 1424 1349 -65
30 34.4 44.7 2.91% 47.6 0.200 88.0 20.4 5.8 186.0 11.08% 1494 1419 1344 -64
35 39.4 44.7 2.93% 47.9 0.209 91.9 21.5 6.1 190.5 11.34% 1489 1415 1340 -64
40 44.4 44.7 2.95% 48.2 0.215 94.7 22.5 6.4 193.9 11.55% 1486 1411 1337 -64

21 25.4 1503 1428

27-Jan-98
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

1 2 10
3 4 5 6 7 8 9

100
30 40 50 60 70 80 9020

1600

1500

fn 1400

.)

0
U. 1300
z
0
zuJ
I-

1200

1100

1000

TENDON FORCE CURVE BASE

TENDON 42H36
NORMALIZING FACTOR: -65

' 95% BASE

,90% BASE . • ,,.

-0
CD

CD
I-

0

z I-

C'

_ _]IZt_______ __

0),

z.

Predicted Values For
Surveillance 6 (November 1, 1997) ---
BASE
95% BASE
90% BASE

1503 Kips
1428 Kips
1353 Kips

I I I I
4 -I

I II I I: II I I I i a I I

10 15 20 25 30 35 40

is
.00
0~ o~5w

- U.

S
a

0 1 3 5
Note: Revision 3 is generated to include curve for the
6th surveillance inspection (November 1997). SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11/76)



CRYSTAL RIVER 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

-n
0)Ir

FILE: -OOPR3.XLW (42H37)

TENDON: 4iH3 INITIAL CONCRETE STRESS (PSI): {ii132:A

ORIGINAL FORCES (KIPS): SHOP: 1622 FIELD: l 661
STRESS SEQUENCE: 34 OF 60

AVERAGE: 1641
TOTAL ELASTIC SHORT. LOSS: - 134.o0

AVERAGE ALL HOOP TENDONS: .- 1635
WIRE FACTOR: 1.000

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m in/in FORCE LOSS LOSS
(YR:MO) (LOG) _ (KIPS) (".0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) WKIPS)

(A) ( (B) (D)(C) D(E) I (FF ( G) (H) ( 1I) I (J) J (K) IL) J M) N) II 60)

1 5.4 58.1 2.57% 42.0 0.090 '39.5 6.0 1.7 141.3 8.61% 1500 1425 1350 -14

3 7.4 58.1 2.60% 42.5 0.110 48.5 8.5 2.4 151.5 9.23% 1490 1415 1341 -14
5 9.4 58.1 2.68% 43.8 0.123 54.1 10.0 2.8 158.8 9.67% 1483 1409 1334 -14

10 14.4 -58.1 2.76% 45.1 0.150 66.0 13.5 3.8 173.0 10.54% 1468 1395 1322 -14
15 19.4 58.1 2.81% 45.9 0.167 73.6 15.5 4.4 181.9 11.08% 1459 1387 1314 -14

17 21.4 58.1 1457 1384 1311
20 24.4 58.1 2.87% 46.9 0.181 79.0 17.5 4.9 188.9 11.51% 1453 1380 1307 -14

21:3 25.65 58.1 1451 1379 1306

25 29.4 58.1 2.88% 47.1 0.190 83.2 19.5 5.5 193.9 11.81% 1448 1375 1303 -14
30 34.4 58.1 2.91% 47.6 0.200 88.0 20.4 5.8 199.4 12.15% 1442 1370 1298 -14
35 39.4 58.1 2.93% 47.9 0.209 91.9 21.5 6.1 203.9 12.42% 1437 1366 1294 -14
40 44.4 58.1 2.95% 48.2 0.215 94.7 22.5 6.4 207.3 12.63% 1434 1362 1291 -14

21 25.4 1452 1379 130 * 7 ~ftIt~
Cfl~
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 3 is generated to include curve for the

6th surveillance inspection (November 1997J.
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CRYSTAL RIYER 3 TENDON FORCE PREOICTION f %QN INTERACTMON LOSSES- 61i TENBC14 SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (42H431

TENDON: , 42H43"'•.- INITIAL CONCRETE STRESS (PSI): 1732

m

0)z

g1

ORIGINAL FORCES IKIPS): SHOP:. -1610 FIEL w1612.
STRESS SEQUENCE: 36. OF " 60'

AVERAGE: 1611
TOTAL ELASTIC SHORT. LOSS: '34•0

AVERAGE ALL HOOP TENDONS- 1 535
WIRE FACTOR:

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

IN D.DIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m imnin FORCE LOSS LOSS
(YR:MO) (LOG) (KIPSM V.00011 K(IPS) (KIPS) (KIPS) (KIPSIKP (KIPS)

(A) . I1. (C) J o ( IF ___ __ (G) (H)J (1) (J)I (K)J (L), (M) J0(N .][ _ O)

1 5.4 53.6 2.57% 42.0 0.090 39.5 6.0 1.7 136.8 8.49% 1475 1401 1327 11
3 7.4 53.6 2.60% 42.5 0.110 48.5 8.5 2.4 147.0 9.12% 1464 1391 1318 11
5 9.4 53.6 2.68% 43.8 0.123 54.1 10.0 2.8 154.3 9.58% 1457 1384 1311 11

10 14.4 53.6 2.76% 45.1 0.150 66.0 13.5 3.8 168.5 10.46% 1443 1371 1299 11
15 19.4 53.6 2.81% 45.9 0.167 73.6 15.5 4.4 177.5 11.01% 1434 1362 1291 11
17 21.4 53.6 1431 1360 1288
20 24.4 53.6 2.87% 46.9 0.181 79.0 17.5 4.9 184.4 11.45% 1427 1356 1284 11

21:3 25.65 53.6,_., 1426 1354 1283
25 29.4 53.6 2.88% 47.1 0.190 83.2 19.5 5.5 189.4 11.75% 1422 1351 1280 11
30 34.4 53.6 2.91% 47.6 0.200 88.0 20.4 5.8 195.0 12.10% 1416 1346 1275 11
35 39.4 53.6 2.93% 47.9 0.209 91.9 21.5 6.1 199.5 12.38% 1412 1341 1271 11
40 44,4 53.6 2.95% 48.2 0.215 94.7 22.5 6.4 202.9 12.59% 1409 1338 1268 11

|21 25.4 1426 1J355 12I93 -c C-)
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U

CRYSTAL RIVER 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR2.XLW (42H44)

-n,

53)

x

07TENDON: -. 42H 44 INITIAL CONCRETE STRESS (PSI): :1732"2.

ORIGINAL FORCES (KIPS): SHOP i--;159I3, FIELD. ::':1;617:':*;
STRESS SEOUENCE: F'39. OF 60-

AVERAGE: 1605
TOTAL ELASTIC SHORT. LOSS: i 13.0

AVERAGE ALL HOOP TENDONS: i A13 '

WIRE FACTOR: i ' ,1:O0 :

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m in/in FORCE LOSS lOSS
(YR:MO) (LOG) (KIPS) (*.0001) (KIPS1 (KIPS) (KIPS) (KIPSI (KIPS) (KIPSI
(A) JIB (C) (01 J (E) (F) I (H) (1 [ K) J)(L (M)I (N 1I t

1 5.4 46.9 2.57% 42.0 0.090 39.5 6.0 1.7 130.1 8,10% 1475 1401 1328 10
3 7.4 46.9 2.60% 42.5 0.110 48.5 8.5 2.4 140.3 8.74% 1465 1392 1318 10
.5 9.4 46.9 2.68% 43.8 0.123 54.1 10.0 2.8 147.6 9.20% 1458 1385 1312 10
10 14.4 46.9 2.76% 45.1 0.150 66.0 13.5 3.8 161.8 10.08% 1443 1371 1299 10
15 19.4 46.9 2.81% 45.9 0.167 73.6 15.5 4.4 170.8 10.64% 1434 1363 1291 10
17 21.4 46.9 1432 1360 1288
20 24.4 46.9 2-87% 46.9 0.181 79.0 17.5 4.9 177.7 11.07% 1427 1356 1285 10

21:3 25.65 46.9 1426 1355 1284
25 29.4 46.9 2.88% 47.1 0.190 83.2 195 5.5 182.7 11.38% 1423 1351 1280 10
30 344 46.9 2.91% 47.6 0.200 88.0 20.4 5.8 188.3 11.73% 1417 1346 1275 10
35 39.4 46.9 2.93% 47.9 0.209 91.9 21.5 6.1 192.8 12.01% 1412 1342 1271 10
40 44.4 46.9 2.95% 48.2 0.215 94.7 2 8.4 196.2 12.22% 1409 1339 1 10 I21 25.4 1426 1355 1284 _ I . -
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE- HQOQPR2.XLWl 42H451

TENDON: .. 421)45 INITIAL CONCRETE STRESS (PSI): 1732 :

ORIGINAL FORCES (KIPS): SHOP: -:.i1670 FIELD - 16617
STRESS SEOUENCE: : OF 60 :

AVERAGE: 1665
TOTAL ELASTIC SHORT. LOSS: .134.0

AVERAGE ALL HOOP TENDONS .135:
WIRE FACTOR: 000

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS T CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION I FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

(YR:MO) (LOG) (KIPS) (*.OOO) K (KIPS) (KIPSI (KIPS) (KIPS) iKIPS) (KIPS)
IA) (= I (CI . (0) 1 (E) I (F) I (G) T (1I) _ (1) 1 W(L)(K) (1) I (M() (N) F (0)

1 5.4 51.4 2.57% 42.0 0.090 39.5 6.0 1.7 134.6 8.08% 1531 1454 1378 -44
3 7.4 51.4 2.60% 42.5 0.110 48.5 8.5 2.4 144.8 8.69% 1521 1444 1368 .44
5 9.4 51.4 2.68% 43.8 0.123 54.1 10.0 2.8 152.1 9.13% 1513 1438 1362 -44
10 14.4 51.4 2.76% 45.1 0.150 66.0 13.5 3.8 166.3 9.98% 1499 1424 1349 -44
15 19.4 51.4 2.81% 45.9 0.157 73.6 15.5 4.4 175.2 10.52% 1490 1416 1341 -44

17 21.4 51.4 1487 1413 1339
20 24.4 51.4 2.87% 46.9 0.181 79.0 17.5 4.9 182.2 10.94% 1483 1409 1335 -44

21:3 25.65 51.4 1482 1408 1334
25 29.4 51.4 2.88% 47.1 0.190 83.2 19.5 5.5 187.2 1124% 1478 1404 1330 -44
30 34.4 51.4 2.91% 47.6 0,200 88.0 20.4 5.8 192.7 1157% 1473 1399 1325 -44
35 39.4 514 293% 47.9 0.209 919 21.5 6.1 197.2 11,84% 1468 1395 1321 .44
40 44.4 514 295% 482 94.7 22.5 6.4 200.6 12.05% 1465 1391 1318 -44
21 25.4 1482 1408 1334 C3
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Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (46H20)

-n

0)

m

01

TENDON: 46H20 INITIAL CONCRETE STRESS (PSI): 172

ORIGINAL FORCES (KIPS): SHOP i679• FIELD: 109 : AVERAGE: 1644

STRESS SEDUENCE: OF 60 TOTAL ELASTIC SHORT. LOSS: i 1340 ,

AVERAGE ALL HOOP TENDONS: I635.' ,

WIRE FACTOR: 0.982..

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDU AL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT 1 FORCE SP. CR. FORCE m inrin FORCE LOSS LOSS

(YR:MO) (LOG) (KIPS) ('.0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) I _ _ I (C) _0 _) I (E) (F) IL I) (H) I 13)I -j7 r -__ II (m) (N) JI _ IO)

1 5.4 35.1 2.57% 42.0 0.090 39.5 6.0 1.7 118.3 7.19% 1526 1449 1373 -39

3 7.4 35.1 2.60% 42.5 0.110 48.5 8.5 2.4 128.5 7.82% 1515 1440 1364 -39

5 9.4 35.1 2.68% 43.8 0.123 54.1 10.0 2.8 135.8 8.26% 1508 1433 1357 .39

10 14.4 35.1 2.76% 45.1 0.150 66.0 13.5 3.8 150.0 9.12% 1494 1419 1345 -39

15 19.4 35.1 2.81% 45.9 0.167 73.6 15.5 4.4 158.9 9.67% 1485 1411 1336 .39

17 21.4 35.1 1482 1408 1334

20 24.4 35.1 2.87% 46.9 0.181 79.0 17.5 4.9 165.9 10.09% 1478 1404 1330 .39

21:3 25.65 35.1I 1477 1403 1329

25 29.4 35.1 2.88% 47.1 0.190 83.2 19.5 5.5 170.9 10.39% 1473 1399 1326 .39

30 34.4 35.1 2.91% 47.6 0.200 88.0 20.4 5.8 176.4 10.73% 1467 1394 1321 .39

35 39.4 35.1 2.93% 47.9 0.209 91.9 21.5 6.1 180.9 11.01% 1463 1390 1317 -39
40 44.4 35.1 2.95% 48.2 0.215 94.7 22.5 6.4 184.3 11.21% 1460 1387 1314 -39.

21 25.4 1477 1403 1329 - C3
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from Match

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. Gth TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (46H21)

TENDON: I--46112. iNITIAL CONCRETE STRESS (PSI): V 1732'

-n

j n

ORIGINAL FORCES (KIPS). SHOP: s ;.i:1624 FIELD: :.:'I.k1682i[[:-;:ý

STRESS SEDUENCE: A 28 OCFO O O E

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOP1NP WORK SHEET

AVERAGE: 1653
TOTAL ELASTIC SHORT, LOSS: -1340

AVERAGE ALL HOOP TENDONS: 635
WIRE FACTOR: 0.994

IN INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT, YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENTI SHORT. PERCENT FORCE SP.CR. FORCE m inin FORCE LOSS LOSSI____F
(YR:MO) (LOG) [KIPS) (".0001) (KIPS) )KIPS(K I PS)(KIPS) (KIPS) (KIPS) (KIPS)

(A) J (8) ]( (C) I(0 (E) (f) I G I (HII) (J) (K) )(L (M) IN) (0)

1 5.4 71.0 2.57% 42.0 0.090 39.5 6.0 1.7 154.2 9.33% 1499 1424 1349 .12

3 7.4 71.0. 2.60% 42.5 0.110 48.5 8.5 2.4 164.4 9.95% 1489 1414 1340 .12

5 9.4 71.0 2.68% 43.8 0.123 54.1 10.0 2.8 171.7 10.39% 1481 1407 1333 l12

10 14.4 71.0 2.76% 45.1 0.150 66.0 13.5 3.8 185.9 11.25% 1467 1394 1320 .12

15 19.4 71.0 2.81% 45.9 0.167 73.6 15.5 4.4 194.9 11.79% 1458 1385 1312 -12

17 21.4 71.0 1455 1383 1310

20 24.4 71.0 2.87% 46.9 0.181 79.0 17.5 4.9 201.9 12.21% 1451 1379 1306 -12

21:3 25.65 71.0 .... 1450 1377 1305

25 29.4 71.0 2.88% 47.1 0.190 83.2 19.5 5.5 206.8 12.51% 1446 1374 1302 .12

30 34.4 71.0 2.91% 47.6 0.200 88.0 20.4 5.8 212.4 12,85% 1441 1369 1297 412

35 39.4 71.0 2.93% 47.9 0.209 91.9 21.5 6.1 216.9 13.12% 1436 1364 1293 -12
40 44.4 71.0 2.95% 48.2 0.215 94.7 22.5 6.4 220.3 13.33% 1433 1361 1290 -12 I
21 25.4 1450 1378 1305
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lor the 6th surveillance inspection from March
1997 to November 1997.

(I)
CD

0
-4

SCHEDULED SURVEILLANCE PERIOD IYEARS AFTER SIT, 11175)



CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. -Gih TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (46H22)

"1"
0)

m.

xn

I
TENDON: 4 6H22;:---,; INITIAL CONCRETE STRESS (PSI): 1732. 01

ORIGINAL FORCES (KIPS): SHOP: 1636.. FIELD: 1.: -1694.ý:-
STRESS SEQUENCEi:.OF"' ::60

AVERAGE: 1665
TOTAL ELASTIC SHORT. LOSS: 1340

AVERAGE ALL HOOP TENDONS: •:<i1635

WIRE FACTOR: i O.994

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m inin FORCE LOSS LOSS
(YR:MO) (LOG) __________ (KIPS) {*.00OI (KIPS) ____ (KIPS) KPI ___ (KIPS) (KIPS) (KIPS) (KIPS)

IA) ()) IC) ._0_ I___ IF0 ( (F) (G) (H) (1)I IL) JIM) IN) II (01

1 5.4 37.7 2.57% 42.0 0.090 39.5 6.0 1.7 120.9 7.26% 1544 1467 1390 ,57
3 7.4 37.7 2.60% 42.5 0.110 . 48.5 8.5 2.4 131.1 7.88% 1534 1457 1381 -57
5 9.4 37.7 2.68% 43.8 0.123 54.1 10.0 2.8 138.4 8.31% 1527 1450 1374 -57
10 14.4 37.7 2.76% 45.1 0.150 66.0 13.5 3.8 152.6 9.17% 1513- 1437 1361 -57
15 19.4 37.7 2.81% 45.9 0.167 73.6 15.5 4.4 161.6 9.70% 1504 1428 1353 -57
17 21.4 37.7 1501 1426 1351
20 24.4 37.7 2.87% 46.9 0.181 79.0 17.5 4.9 168.6 10.12% 1497 1422 1347 -57

21:3 25.65 37.7 1495 1421 1346
25 29.4 37.7 2.88% 47.1 0.190 83.2 19.5 5.5 173.5 10.42% 1492 1417 1342 -57
30 34.4 37.7 2.91% 47.6 0.200 88.0 20.4 5.8 179.1 10.75% 1486 1412 1337 .57
35 39.4 37.7 2.93% 47.9 0.2069 91.9 21-5 6.1 183.6 11.03% 1482 1408 1333 67
40 44.4 37.7 2.95% 48.2 0.215 94.7 22.5 6.4 187.0 11.23% 1478 1404 1330 57

21 25.4 1496 1421 1346
n, ~ -
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTIONI NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (51H25)

rn

0*

TENDON: .51H25 INITIAL CONCRETE STRESS (PSI): 1732::

ORIGINAL FORCES (KIPS): SHOP: 6DO; FIELD: 1677'!]`:
STRESS SEQUENCE: j12. or 60

AVERAGE: 1638
TOTAL ELASTIC SHORT. LOSS: - :.;A13*4'.OA:!!'

AVERAGE ALL HOOP TENDONS: 1 635-
WIRE FACTOR: i:-:;:. 0.994 .-•:i..:!

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

11NINDIVIDUAL LOSS ES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC. RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m infn FORCE LOSS LOSS
jYR:MOj (LOGI (KIPS) I'.0I0I (KIPS) (KIPS) (KImPPS (KIPSI (KIPS) (KIPS)

(Al J (B) IC) (0) l (El l (F) (G) ()I (1 0 I J 1K) (L) [ (MI . IN) IIT_0 _

1 5.4 106.5 2.57% 42.0 0.090 39.5 6.0 1.7 189.7 11.58% 1449 1376 1304 38
3 7.4 106.5 2,60% 42.5 0.110 48.5 8.5 2.4 199.9 12.20% 1438 1367 1295 38
5 9.4 106.5 2.68% 43.8 0.123 54.1 10.0 2.8 207.2 12.65% 1431 1360 1288 38

10 14.4 106.5 2.76% 45.1 0.150 66.0 13.5 3.8 221.5 13.52% 1417 1346 1275 38
15 19.4 106.5 2.81% 45.9 0.167 73.6 15.5 4.4 230.4 14.06% 1408 1338 1267 38
17 21.4 106.5 1405 1335 1265
20 24.4 106.5 2.87% 46.9 0.181 79.0 17.5 4.9 237.4 14.49% 1401 1331 1261 38

21:3 25.65 106.5 1400 1330 1260
25 29.4 106.5 2.88% 47.1 0.190 83.2 19.5 5.5 242.3 14.79% 1396 1326 1256 38
30 34.4 106.5 2.91% 47.6 0.200 88.0 20.4 5.8 247.9 15.13% 1391 1321 1251 1 38
35 39.4 106.5 2.93% 47.9 0.209 91.9 21.5 6.1 252.4 15.41% 1386 1317 1247 38
40 44.4 106,5 2.95% 48.2 0.215 94.7 22.5 6.4 255.8 15.61% 1383 1313 1244 38

-~ ~ I
LI LOA 1400 1330 1260

w , 3
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0
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Note: Revision 2 is generated to change start dt

for the 6th surveillance inspection from March
1997 to Novembher 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR2.XLW (51H26)

TENDON: 51H26 INITIAL CONCRETE STRESS (PSI): , -732;

-n

01
mx

01

• ORIGINAL FORCES (KIPS): SHOP : 1697 FIELD: ý624

STRESS SEDUENCE: 83. 1 O 60ý•

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1661
TOTAL ELASTIC SHORT. LOSS: :134

AVERAGE ALL HOOP TENDONS: , 1635

WIRE FACTOR .

IN DIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. [FORCE m inln FORCE- LOSS LOSSAFTER CONCRETE ELASTIC RELAXATION ________ ____ FORCE PERCENT BASE 95% BASE 90% BASE FACTDR

(YR:MOI (LOG) (KIPS) (.000I) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) I() (B0 (E) (FIF) ((H) IH)I (K( (IJ M (M) -0) 10O

1 5.4 15.6 2.57% 42.0 0.090 39.5 6.0 1.7 98.8 5.95% 1562 1484 1406 -75
3 7.4 15.6 2.60% 42.5 0.110 48.5. 8.5 2.4 109.0 .6.57% 1552 1474 1397 .75

5 9.4 15.6 2-68% 43.8 0.123 54.1 10.0. 2.8 116.3 7.00% 1544 1467 1390 -75
10 14.4 15.6 2.76% 45.1 0.150 66.0 13.5 3.8 130.5 7.86% 1530 1454 1377 -75

15 19.4 15.6 2.81% 45.9 0.167 73.6 15.5 4.4 139.5 8.40% 1521 1445 1369 -75
17 21.4 15.6 1518 1443 1367

20 24.4 15.6 2.87% 46.9 0.181 79.0 17.5 4.9 146.5 8.82% 1514 1439 1363 .75

21:3 25.65 15.6 1513 1437 1362

25 29.4 15.6 2.88% 47.1 0.190 83.2 19.5 5.5 151.4 9.12% 1509 1434 1358 -75

30 34.4 15.6 2.91% 47.6 0.200 . 88.0 20.4 5.8 157.0 9.45% 1504 1429 1353 .75

35 39.4 15.6 2.93% 47.9 0.209 91.9 21.5 6.1 161.5 9.72% 1499 1424 1349 -75
40 44.4 15.6 2.95% 48.2 0.215 94.7 22.5 6.4 164.9 9.93% 1496 1421 1346 75

I -

21 25.4 1513 1438 1362 C i -
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.

0 co-

0 1 3 5 10 15 20 25 30 35 40

SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11176) f2.

-c

(D

0
0



-n

0)
.CnCRYSTAL RIVER 3 TENOON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW t51H27)

mx

TENDON: 51H27 R .•: INITIAL CONCRETE STRESS (PSI): 1732

ORIGINAL FORCES (KIPS):
STRESS SEGUENCE:

SHOP. 16O9 , FIELD 1614::::i=:~ ~:;i; • OF.... 60:•~•i,:io ,,;)........• • AVERAGE: 1612

TOTAL ELASTIC SHORT. LOSS: 1.34.0
AVERAGE ALL HOOP TENDONS: (635!,

WIRE FACTOR: 0988

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

(YR:MO) (LOG) _ (KIPS) (.0001] , (KIPS) _ (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) ( 161 I1 (C) (0) [ (El (F) I (_G___ , (H) (I) 1 J (K) I[IM! (NI (0)

1 5.4 112.5 2.57% 42.0 0.090 39.5 6.0 1.7 195.7 12.14% 1416 1345 1274 71
3 7.4 112.5 2.60% 42.5 0.110 48.5 8.5 2.4 205.9 12.78% 1406 1335 1265 71
5 9.4 112.5 2.68% 43.8 0.123 54.1 10.0 2.8 213.2 13.23% 1398 1328 1259 71

10 14.4 112.5 2.76% 45.1 0.150 66.0 13.5 3.8 227.4 14.11% 1384 1315 1246 71
15 19.4 112.5 2.81% 45.9 0.167 73.6 15.5 4.4 236.4 14.67% 1375 1306 1238 71
17 21.4 112.5 1372 1304 1235
20 24.4 112.5 2.87% 46.9 0.181 79.0 17.5 4.9 243.3 15.10% 1368 1300 1231 71

21:3 25.65 112.5 1367 1299 1230
25 29.4 112.5 Z88% 47.1 0.190 83.2 19.5 5.5 248.3 15.41% 1363 1295 1227 71
30 34.4 112.5 2.91% 47.6 0.200 88.0 20.4 5.8 253.9 15.75% 1358 1290 1222 71
35 39.4 112.5 2.93% 47.9 0.209 91.9 21.5 6.1 258.4 16.03% 1353 1286 1218 71
40 44.4 112.5 2.95% 48.2 0.215 94.7 1"22.5 6.4 261.8 16.24% 1350 1282 1 1215 71 I -

21 25.4 1387 1299 1231 -0
R~2- (0)
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Note: Revision 2 is generated to change start

date for the 6th surveillance inspection from
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR3.XLW 151H281

TENDON: 51H28--,, INITIAL CONCRETE STRESS IPSI). ; i32• +

ig; ORIGINAL FORCES (KIPS): SHOP: 1685 FIELD: 1651,

STRESS SEQUENCE: AR 2 OF 60O

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1668
TOTAL ELASTIC SHORT. LOSS: 1o340

AVERAGE ALL HOOP TENDONS: 1635

WIRE FACTOR: - 1.000

I NDIVI DUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m in/in FORCE LOSS LOSS
(YR:MO) (LOG) (KIPS) (..0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

_A_ _B) _C) I D) (E) (F) _Gl JH) (I) (JK)(L) (N) _0)

1 5.4 17.9 2.57% 42.0 0.090 39.5 6.0 1.7 101.1 6.06% 1567 1489 1410 -80
3 7.4 17.9 2.60% 42.5 0.110 48.5 8.5 2.4 111.3 6.67% 1557 1479 1401 -80
5 9.4 17.9 2.68% 43.8 0.123 54.1 10.0 2.8 118.6 7.11% 1549 1472 1395 -80
10 14.4 17.9 2.76% 45.1 0.150 66.0 13.5 3.8 132.8 7.96% 1535 1458 1382 -80
15 19.4 17.9 2.81% 45.9 0.167 73.6 15.5 4.4 141.7 8.50% 1526 1450 1374 -80
17 21.4 17.9 1524 1447 1371
20 24.4 17.9 2.87% 46.9 0.181 79.0 17.5 4.9 148.7 8.92% 1519 1443 1367 -80

21:3 25.65 17.9 1518 1442 1366
25 29.4 17.9 2.88% 47.1 0.190 83.2 19.5 5.5 153.7 9.21% 1514 1439 1363 -80
30 34.4 17.9 2.91% 47.6 0.200 88.0 20.4 5.8 159.2 9.55% 1509 1433 1358 -80
35 39.4 17.9 2.93% 47.9 0.209 91.9 21.5 6.1 163.7 9.82% 1504 1429 1354 -80
40 44.4 17.9 2.95% 48.2 0.215 94.7 22.5 6.4 167.1 10.02%(= 1501 1425 1351 -80

21 25.4 Isis 144z 11367
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

1 3 4 5 6 7 8 9 10 20 30 40 50 60 70 80 9

1600

TENDON FORCE CURVE
TENDON 51 H28
NORMALIZING FACTOR

1500

t 1400

IL

UJ
0

u. 1300
z
0
0
uLJ
I--

1200

1100

1000

Note: Revision 3 is generated to include curve for

the 6th surveillance inspection (November 1997).
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR3.XLW (51 H29)

i~tENDON: ¾51iH29 INITIAL CONCRETE STRESS (PSI): I7.32•ii!

ORIGINAL FORCES (KIPS): SHOP:, , FIELD: 1627
STRESS SEQUENCE: 9,! OF 6 60

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1629
TOTAL ELASTIC SHORT. LOSS: V -;13,04.0

AVERAGE ALL HOOP TENDONS: V. K 1 6 35 'I

WIRE FACTOR: 1*000'

INDiVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m in/in FORCE LOSS LOSS
(YR:MO) (LOG) (KIPS) (*.0OO1) {KIPS), (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) I -(1 (C) I I = (E) (F) ( I H (1) M iJI (K) J[ I ( I (M I)

1 5.4 113.9 2.57% 42.0 0.090 39.5 6.0 1.7 197.1 12.10% 1432 1360 1288 54
3 7.4 113.9 2.60% 42.5 0.110 48.5 8.5 2.4 207.3 12.73% 1421 1350 1279 54
5 9.4 113.9 2.68% 43.8 0.123 54.1 10.0 2.8 214.6 13.18% 1414 1343 1273 54
10 14.4 113.9 2.76% 45.1 0.150 66.0 13.5 3.8 228.8 14.05% 1400 1330 1260 54
15 19.4 113.9 2.81% 45.9 0.167 73.6 15.5 4.4 237.8 14.60% 1391 1321 1252 54
17 21.4 113.9 1388 1319 1249
20 24.4 113.9 2.87% 46.9 0.181 79.0 17.5 4.9 244.7 15.03% 1384 1315 1246 54

21:3 25.65 113.9 1383 1314 1244

25 29.4 113.9 2.88% 47.1 0.190 83.2 19.5 5.5 249.7 15.33% 1379 1310 1241 54
30 34.4 113.9 2.91% 47.6 0.200 88.0 20.4 5.8 255.3 15.67% 1373 1305 1236 54
35 39.4 113.9 2.93% 47.9 0.209 91.9 21.5 6.1 259.8 15.95% 1369 1300 1232 54
40 44.14 113.9 2,95% 48.2 0.215 94.7 22.5 6.4 263.2 16.16% 1366 1297 1229 54

21 25.4 1383 1.314 1245

IO o

CD

27-Jan-98
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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100

30 40 50 60 70 80 90
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* Predicted Values For

, Surveillance 6 (November 1, 1997)
BASE 1383 Kips

__ 95%BASE 1314Kips

* 90% BASE 1245 Kips
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0MI I I 35 4
20 25 30 35 40

Note: Revision 3 is generated to include curve for

the 6th surveillance inspection (November 1997).
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION i NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HnOPR2.XLW (53H1)

-n

0)

TENDON: 5314 INITIAL CONCRETE STRESS (PSII: 1i732.J'.,I

ORIGINAL FORCES (KIPS): SHOP: 1655 FIELD 0: 4
STRESS SEDUENCE: . 20 .' OF . 6. . .

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1630
TOTAL ELASTIC SHORT. LOSS: •. .i34.O;

AVERAGE ALL HOOP TENDONS: 163..
WIRE FACTOR: . 0,988

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. -YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT PERCENT FORCE SP. CR. FORCE m infir FORCE LOSS LOSS
(YR:MOI (LOG)P (KIPS) ((.OOlI IKIPS) ((KIPS) WKIPS) (KIPS) (KIPS) (KIPS)

(A) 1 IC) I0) (E IF) IG)I (H) () ()I (I , (--( I L I I"I (M) (N) I TO

1 5.4 88.2 2.57% 42.0 0.090 39.5 6.0 1.7 171.4 10.52% 1458 1385 1312 "29
3 7.4 88.2 2.609% 42.5 0.110 48.5 8.5 2.4 181.6 11.15% 1448 1376 1303 29
5 9.4 88.2 2.68% 43.8 0.123 54.1 10.0 2.8 188.9 11.59% 1441 1369 1297 29
10 14.4 88.2 2.76% 45.1 0.150 66.0 13.5 3.8 203.1 12.46% 1427 1355 1284 29
15 19.4 88.2 2.81% 45.9 0.167 73.6 15.5 4.4 212.1 13.01% 1418 1347 1276 29
17 21.4 88.2 11415 1344 1273
20 24.4 88.2 2.87% 46.9 0.181 79.0 17.5 4.9 219.1 13.44% 1411 1340 1270 29

21:3 25.65 88.2 1409 1339 1268
25 29.4 88.2 2.88% 47.1 0.190 83.2 19.5 5.5 224.0 13.75% 1406 1335 1265 29
30 34.4 88.2 2.91% 47.6 0.200 88.0 20.4 5.8 229.6 14.09% 1400 1330 1260 29
35 39.4 88.2 2.93% 47.9 0.209 91.9 21.5 6.1 234.1 14.36% 1396 1326 1256 29
40 44.4, 88.2 2.95% 48.2 0.215 94.7 22.5 6.4 237.5 14.57% 1392 1323 1253 29
21 25.4 1410 1339 1269 C:3

tou r5

C-2

11-Sep-97
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
10 1002 3 4 5 6 ? 8 9 20 30 40 50 6070 80901

1600 I

TENDON FORCE CURVE
TENDON 53H1
NORMALIZING FACTOF
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0
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1200

1100

Note: Revision 2 is generated to change start date
for the 6ih surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

HOOP IENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (53H2)

TENDON: :.,'53H2 . INITIAL CONCRETE STRESS (PSI)-. 173

-n,

0)
x7

ORIGINAL FORCES (KIPS): SHOP 153 FIELD: :1457

STRESS SEQUENCE: OF

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1555

TOTAL ELASTIC SHORT. LOSS: 134.0

AVERAGE ALL HOOP TENDONS: 1635
WIRE FACTOR 1399;: O• 94'!i-:

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL " NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m inrin FORCE LOSS LOSS
(YR:MO) (LOG) (KPS) (.OOi1) (KIPS) T KIPS) (KIPS) (KIPS) -(KIPS) [KIPS)

(A) (B) _ _"(C) (0) (E) I (F) IG)] (HI [(1) (J) I (K) IL) [ (N) J( -o)

1 5.4 0.0 2.57% 42.0 0.090 39.5 6.0' 1.7 83.2 5.35% 1472 1398 1325 12
3 7.4 0.0 2.60% 42.5 0.110 48.5 8.5 2.4 93.4 6.01% 1462 1388 1315 12
5 9.4 0.0 2.68% 43.8 0.123 54.1 10.0 2.8 100.7 6.48% 1454 1381 1309 12

10 14.4 0.0 2.76% 45.1 0.150 66.0 13.5 3.8 114.9 7.39% 1440 1368 1296 12
15 19.4 0.0 2.81% 45.9 0.167 73.6 15.5 4.4 123.9 7.97% 1431 1359 1288 12
17 21.4 0.0 1428 1357 1285
20 24.4 0.0 2.87% 46.9 0.181 79.0 17.5 4.9 130.8 8.41% 1424 1353 1282 12

21:3 25.65 0.0 1423 1352 1281
25 29.4 0.0 2-88% 47.1 0.190 83.2 19.5 5.5 135.8 B.73% 1419 1348 1277 12
30 34.4 0.0 2.91% 47.6 0.200 88.0 20.4 5.8 141.4 9.09% 1414 1343 1272 12
35 39.4 0.0 2.93% 47.9 0.209 91.9 21.5 6.1 145.9 9.38% 1409 1339 .1268 12
40 44,4 0.0 2.95% 48.2 0.215 94.7 22.5 6.4 149.3 9.60% 1406 1335 1265 12

1
21 25.4 1423 1352 1281

CM
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspeclion from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION i NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (531-13)

-n

m

IC7
TENDON: 53H3 INITIAL CONCRETE STRESS (PSI): 732

ORIGINAL FORCES KIPS): SHOP: ." 616, FIELD. 1607i.:t" i
STRESS SEOUENCE: 0. . OF 6"

AVERAGE: 1612
TOTAL ELASTIC SHORT. LOSS: .134.. ,

AVERAGE ALL HOOP TENDONS: .635
WIRE FACTOR: .988

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

IIINDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m inin j FORCE LOSS LOSS
iYR:MO) (LOG) (KIPS) (.00.0.1) (KIPS) (IPSI (KIPS) (KIPS) IKIPSI (KIPS) (KIPS)

(A) I(B) (). D I ) (E) (F] IGI j (H)I I(1) .JI [1 II WILl [ MM .. N I (ID IN

1 5,4 88.2 2.57% 42.0 0.090 39.5 6.0 1.7 171.4 10.64% 1440 1368 1296 46
3 7.4 88.2 2.60% 42.5 0.110 48.5 8.5 2.4 181.6 11.27% 1430 1358 1287 46
5 9.4 88.2 2.68% 43.8 0.123 54.1 10.0 2.8 788.9 11.72% 1423 1352 1280 46

10 14.4 88.2 276% 45.1 0.150 66.0 13.5 3.8 203.1 12.61% 1408 1338 1268 46
15 19.4 88.2 2.81% 45.9 0.167 73.6 15.5 4.4 212.1 13.16% 1399 1329 1260 46
17 21.4 88.2 1397 1327 1257
20 24.4 88.2 2.87% 46.9 0.181 79.0 17.5 4.9 219.1 13.59% 1393 1323 1253 46

21:3 25.65 88.2 1391 1322 1252
25 29.4 88.2 2.88% 47.1 0.190 83.2 19.5 5.5 224.0 13.90% 1388 1318 1249 46
30 34.4 88.2 2.91% 47.6 0.200 88.0 20.4 5.8 229.6 14.25% 1382 1313 1244 46
35 39.4 882 293% 47.9 0.209 91.9 21.5 6.1 234.1 14.53% 1377 1309 1240 46
40 44.4 88.7 2.95% 48.2 0.215 947 22.5 6.4 237.5 14.74% 1374 1305 1237 46

21 25.4 1392 1322 1252
m 5 -1

uD O
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011-Sep-97
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

I 10 100
20 30 40 50 60 70 80 902 4 5 6 7 8 9

1600

1500

w
CL 1400

z
0
C.
LL 1300

z

0 2z
Lu

1200

TENDON FORCE CURVE , ]
TENDON 53H3 !
NORMALIZING FACTOR: 46 -

BASE

.95%BS

90% BASE7

- m_ Predicted Values For

I-"Surveillance 6 (November 1, 19971

t , BASE 1392 Kips>,95% BASE 1322 Kips

, 90% BASE 1252 Kips

I , I I ' I I

1100

1000

C. -3 F?

2e

0 1Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (53H45)

TENDON: I53145 '. INITIAL CONCRETE STRESS lPSI.: 1732

01

01

ORIGINAL FORCES (KIPS): SHOP: e!.:!:1605.I FIELD - 663

STRESS SEQUENCE: 3' -, OF . 6 ..

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1634
TOTAL ELASTIC SHORT. LOSS: 134.0:

AVERAGE ALL HOOP TENDONS: 1•635
WIREFACTOR: 1 : 1 OO ::O

IN DIV I D'U AL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENTY FORCE SP. CR. FORCE miin FORCE LOSS LOSS
(YR:MOI (LOG) _ KIP) (1.00KIPS)(KPS) rKIPS) (KIPS) _ (KIPS) (KIPS) (KIPSI (KIPS)

(A) (B) l (C) 1 (0) 1 (El I (F) ([I H(' , () 1 (J) (K) IL) 1 (M) IN) I[ (O

1 5.4 127.3 2.57% 42.0 0.090 39.5 6.0 1.7 210.5 12.88% 1424 1353 1281 62
3 7.4 127.3 2.60% 42.5 0.110 48.5 8.5 2.4 220.7 13.50% 1414 1343 1272 62
5 9.4 127.3 2.68% 43,8 0.123 54.1 10.0 2.8 228.0 13.95% 1406 1336 1266 62
10 14.4 127.3 2.76% 45.1 0.150 66.0 13.5 3.8 242.2 14.82% 0192 1322 1253 62
15 19.4 127.3 2.81% 45,9 0.167 73,6 15.5 4.4 251.2 15.37% 1383 1314 1245 62
17 21.4 127.3 1380 1311 1242

20 24.4 127.3 2.87% 46.9 0.181 79.0 17.5 4.9 258.1 15.80% 1376 1307 1238 62
21:3 25.65 127.3 1375 1305 1237
25 29.4 127.3 2.88% 47.1 0.190 83.2 19.5 55 263.1 16.10% 1371 1303 1234 62
30 34.4 127.3 2.91% 47.6 0.200 88.0 20.4 5.8 268.7 16.44% 1366 1297 1229 62
35 39.4 127.3 2.93% 47.9 0.209 91.9 21.5 6.1 273.2 16.72% 1361 1293 1225 62
40 44.4 127.3 2.95% 48.2 0.215 94.7 22.5 6.4 276.6 16.92% 1358 1290 1222 62

21 25.4 1375 130U 1238
m -

-.3C

C'D
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xTIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

I 10 a00
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Note: Revision 2 is generated to change start date
for the 6th surveigance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE

HOOP IENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW i53H46I

TENDON: 53H46. INITIAL CONCRETE STRESS (PSI): 13:2;.--

ORIGINAL FORCES (KIPS): SHDP .612 FIELD- :644
STRESS SEGUENCE: :49 O ' 60

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1628
TOTAL ELASTIC SHORT. LOSS: i134 0

AVERAGE ALL HOOP TENDONS: 1635" ',

WIRE FACTOR: . 100

INDIVIJUAL LO SSES TOTAL LOSSES PREDICTED FORCESINSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT1  SHORT. PERCENT FORCE SP. CR. FORCE mi'im FORCE LOSS LOSS

IYR:MO) (LOG) _ (KIPS) (-.000l)1 (KIPS) _ (KIPS) (KIPS) _ KIPS) (KIPS) (KIPS) (KIPSI
(A) I (e_ ! C) I _ o _"__ I _ e) I _ G_ I H_ I _ _ I _J_ 1 K) II W (L) ___ I (H)__)_(J I (L) (Ml _tO)

1 5.4 24.6 2.57% 42.0 0.090 39.5 6.0 1.7 107.8 6.62% 1520 1444 1368 -35
3 7.4 24.6 2.60% 42.5 0.110 48.5 8.5 2.4 118.0 7.25% 1510 1435 1359 .35
5 9.4 24.6 2.68% 43.8 0.123 54.1 10.0 2.8 125.3 7.69% 1503 1428 1352 -35
I0 14.4 24.6 2.76% 45.1 0.150 66.0 13.5 3.8 139.5 8.57% 1489 1414 1340 -35
15 19.4 24.6 2.81% 45.9 0.167 73.6 15.5 4.4 148.4 9.12% 1480 1406 1332 -35
17 21.4 24.6 1477 1403 1329

20 24.4 24.6 2.87% 46.9 0.181 79.0 17.5 4.9 155.4 9.55% 1473 1399 1325 -35
21:3 25.65 24.6 1471 1398 1324
25 29.4 24.6 2.88% 47.1 0.190 83.2 19.5 5.5 160.4 9.85% 1468 1394 1321 -35
30 34.4 24.5 2.91% 47.6 0.200 88.0 20.4 5.8 165.9 10.19% 1462 1389 1316 -35

35 39.4 24.6 .2.93% 47.9 0.209 91.9 21.5 6.1 170.4 1047% 1458 1385 1312 -35
40 44.4 24.6 2.95% 48.2 0.215 94.7 22.5 6.4 173.8 10.68% 1104 1382 1309 -35

21 25.4 1412 1398 1324

CICD
CD
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Note; Revision 2 is Qenerated to change start date

1o9 the oth surveillance inspec1ion from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENOON'SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (531-47)

TENDON: .• 63547.:%i ,INITIAL CONCRETE STRESS (PSI: r 1732

-n

0)

ORIGINAL FORCES (KIPS):
STRESS SEQUENCE:

SHOP: :77 - FIELD: 19
'. b F -r 60

AVERAGE: 1688
TOTAL ELASTIC SHORT. LOSS: 134.O'

AVERAGE ALL HOOP TENDONS: . 1635 :
WIRE FACTOR: . OOO-.:.

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INOIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP'. CR. FORCE mn inrin FORCE LOSS LOSS{____ ___ _____

(YR:MO} (LOG) I (KIPS) (*.0001) (KIPS) IKIPS) (KIPS) I (KIPS). (KIPS) (KIPS)
(A) 16) (C) (D)I I (E) IF) (G) (H) III ._I I K I )L) J (M) (N) IF 0)

1 5.4 127.3 2.57% 42.0 0.090 39.5 6.0 1.7 210.5 12.47% 1478 1404 1330 10
3 7.4 127.3 2.60% 42.5 0.110 48.5 8.5 2.4 220.7 13.07% 1468 1394 1321 . 10
5 9.4 127.3 2,68% 43.8 0.123 54.1 10.0 2.8 228.0 13.51% 1480 1387 1314 10
10 14.4 127.3 2.76% 45.1 0.150 66.0 13.5 3.8 242.2 14.35% 1446 1374 1301 10
15 19.4 127.3 2.81% 45.9 0.167 73.6 15.5 4.4 251.2 14.88% 1437 1365 1293 10
17 21.4 127.3 1434 1363 1291
20 24.4 127.3 2.87% 46.9 0.181 79.0 17.5 4.9 258.1 15.29% 1430 1359 1287 10

21:3 25.65 127.3 1429 1357 1286
25 29.4 127.3 2.88% 47.1 0.190 83.2 19.5 5.5 263.1 15.58% 1425 1354 1283 10
30 34.4 127.3 2.91% 47.6 0.200 88.0 20.4 5.8 268.7 15.91% 1420 1349 1278 10
35 39.4 127.3 2.93% 47.9 0.209 91.9 21.5 6.1 273.2 16.18% 1415 1344 1274 10
40 44.4 127.3 2.95%- 48.2 0.215 94.7 22.5 6.4 276. 16.38% 1412 1341 1271 10

21 25,4 1429 1358 1286 0
~. n, ~

-0
0..

0 Ca

0
1 1-Sep.9
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date
lot the 6th surveillance inspection from March

1997 to November 1997.
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SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11176)
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET
FILE: HFOPR2.XLW $62F21)

TENDON: .62H21 INITIAL CONCRETE STRESS (PSI): 1732

-ni

m

01

ORIGINAL FORCES (KIPS): SHOP: ,:639 FIELD: 4:*::
STRESS SEQUENCE: O... 2OF . 60:,

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPJNP WORK SHEET

AVERAGE: 1640
TOTAL ELASTIC SHORT. LOSS: .t 1340"

AVERAGE ALL HOOPTENDONS: 1635
WIRE FACTOR: -: 0994

INDIVIDUAL LOSS ES TOTALLOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PER-CENT BASE 95% BASE 90% BASE: FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m inlm FORCE LOSS LOSS
(YR:MO) (LOG) (KIPS) (*.0001) j(KIPS[ (KIPS) ((IPS) (KIPS) (KIPS) (KIPS)

(A)I J B 1 (C) I (5) J (E) J (F) I W-1] (HI [ I (j (K)(to (L) (M) (N) (0)

1 5.4 73.2 2.57% 42.0 0.090 39.5 6.0 1.7 156.4 9.54% 1483 1409 1335 3
3 7.4 73.2 2.60% 42.5 0.110 48.5 8.5 2.4 166.6 10.16% 1473 1399 1326 3
5 9.4 73.2 2.68% 43.8 0.123 54.1 10.0 2.8 173.9 10.61% 1466 1393 1319 3
10 14.4 73.2 2.76% 45.1 0.150 66.0 13.5 3.8 188.2 11.47% 1452 1379 1306 3
15 19.4 73.2 2.81% 45:9 0.167 73.6 15.5 4.4 197.1 12.02% 1443 1371 1298 3
17 21.4 73.2 1440 1368 1296
20 24.4 73.2 2.87% 46.9 0.181 79.0 17.5 4.9 204.1 12.45% 1436 1364 1292 3

21:3 25.65 73.2 1434 1363 1291
25 29.4 73.2 2.88% 47.1 0.190 83.2 19.5 5.5 209.0 12.75% 1431 1359 1288 3
30 34.4 73.2 2.91% 47.6 0.200 88.0 20.4 5.8 214.6 13.09% 1425 1354 1283 3
35 39.4 73.2 2.93% 47.9 0.209 91.9 21.5 6.1 219.) 1336% 1421 1350 1279 3
40 44.4 73.2 2.95% 48.2 0.215 94.7 22 6.4 222.5 13.57% 1417 1346 1276 3 I T5
21 25.4 1435 1363 1291

-a
;a w c . M 0)C, (0

nJ Qg
E51

(0

11-Sep-97



-n,

xTIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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NORMALIZING FACTOR: 3

I . ________BASE_
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Predicted Values ForIi ~ Surveillance 6 INoveonber 1, 1997)
____________ ______ ___ I ___________ ý2 BASE 1435 Kips
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~.90% BASE 1291 Kips
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1000
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March

1997 to November 1997.

.,oCD

0SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11176)



CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW f62H22)

TENDON: 62H22 INITIAL CONCRETE STRESS (PSI): = :1732.

-nl

U,

ORIGINAL FORCES (KIPS):

STRESS SEOUENCE:
SHOP: 1663 FIELD: 1663

42 ~O~. OF 6o
AVERAGE: 1663

TOTAL ELASTIC SHORT. LOSS: FI:134.OýO::!
AVERAGE ALL HOOP TENDONS- :i635:'

WIRE FACTOR: 1 OOO

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES 1
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m nn FORCE LOSS LOSSI____I___[YR:MO) (LOG) (KIPS) (*.OO0l) (KIPS) .(KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) I __ 8___ 1 (C) (0o (E) (F) _ (G) (1t) I (1) (J)I (K) IL) (IM) I N) I! __O _

1 5.4 40,2 2.57% 42.0 0.090 39.5 6.0 1.7 123.4 7.42% 1540 1463 1386 .53
3 7.4 40.2 2.60% 4215 0.110 48.5 8.5 2.4 133.6 8.03% 1530 1453 1377 .53
5 9.4 40.2 2.68% 43.8 0.123 54.1 10.0 2.8 140.9 8.47% 1522 1446 1370 -53

10 14.4 40.2 2.76% 45.1 0.150 66.0 13.5 3.8 155.1 9.33% 1508 1433 1357 .53
15 19.4 40.2 2.81% 45.9 0.167 73.6 15.5 4.4 164.1 9.87% 1499 1424 1349 -53
17 21.4 40.2 1496 1421 1347
20 24.4 40.2 2.87% 46.9 0,181 79.0 17.5 4.9 171.0 10.28% 1492 1417 1343 -53

21:3 25.65 40.2 1491 1416 1342
25 29.4 40.2 2.88% 47.1 0.190 83.2 19.5 5.5 176.0 10.58% 1487 1413 1338 .53
30 34.4 40.2 2.91% 47.6 0.200 88.0 20.4 5.8 181.6 10.92% 1482 1407 1333 .53
35 39.4 40.2 2.93% 47.9 0.209 91.9 21.5 6.1 186.1 11.19% 1477 1403 1329 .53
40 44.4 40.2 2.95% 48.2 0.215 94.7 22.5 6.4 189.5 11.39% 1474 1400 1326 -53
Sn -1 - --..--- -- --- --- --- --
f.I LzJ.-F 1491 1417 1342 C3

C3r. "o

CD)

0
11.Sep.97
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date
foa the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (62H23)

-n

m
X

g:
01TENDON: .62H23 INITIAL CONCRETE STRESS (PSI): . 732

ORIGINAL FORCES (KIPS): SHOP: ,.1639, FIELO: -1639,:-::l
STRESS SEQUENCE: :' : OF 60', •

AVERAGE: 1639
TOTAL ELASTIC SHORT. LOSS: '.134ýo

AVERAGE ALL HOOP TENDONS: :1635
WIRE FACTOR: I .000

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PECN FORCE SP. CR. FORCE m infin FORCE LOSS LOSSj__________
{YR:MO) (LOG) (KIPS) (-.0001) (KIPS) (KIPS) (KIPS) _KIPSI (KIPS) (KIPS) (KIPS)

(A) IB ( . _l __C)_ , (D)_ _ (E) (F) I . (H) I ( 1?J) . { (M)I IN) I1 (0)

1 5.4 71.5 2.57% 42.0 0.090 39.5 6.0 1.7 154.7 9.44% 1484 1410 1336 2
3 7.4 -71.5 2.60% 42.5 0.110 48.5 8.5 2.4 164.9 10.06% 1474 1400 1327 2

5 9.4 71.5 2.68% 43.8 0.123 54.1 10.0 2.8 172.2 10.50% 1467 1393 1320 2
10 14.4 71.5 2.76% 45.1 0.150 66.0 13.5 3.8 186.4 11.37% 1453 1380 1307 2

15 19.4 71.5 281% 45.9 0.167 73.6 15.5 4.4 195.3 11.92% 1444 1371 1299. 2
17 21.4 71.5 1441 1369 1297
20 24.4 71.5 2.87% 46.9 0.181 79.0 17.5 4.9 202.3 12.34% 1437 1365 1293 2

21:3 25.65 71.5 1435 1364 1292
25 29.4 71.5 2.88% 47.1 0.190 83.2 19.5 5.5 207.3 12.65% 1432 1360 1288 2
30 34.4 71.5 2.91% 47.6 0.200 88.0 20.4 5.8 212.8 12.99% 1426 1355 1284 2
35 39.4 71.5 2.93% 47.9 0.209 91.9 21.5 6.1 217.3 13.26% 1422 1351 1279 2
4 44.4 71.5 *.95l 48.2 0.215 94.7 22.5 6.4 220.7 13.47% 14;8 1347 1276 2

21 25.4 1436 1364 1292 -0 =, c

vp
CD

0
(0

1 1-Sep.97



TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start
date for the 6th surveillance inspection from

March 1997 to November 1997. SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11176)
4



CRYSTAL RIVER 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR3.XLW (62H39)

-n

i1

TENDON: 62i39' INITIAL CONCRETE STRESS IPSi): 1732

ORIGINAL FORCES (KIPS):
STRESS SEQUENCE:

SHOP:., 1653 FIELD:i,:ý:1:i641i>'

35. OF .. 60O'
AVERAGE: 1647

TOTAL ELASTIC SHORT. LOSS: 034.0
AVERAGE ALL HOOP TENDONS: :ý 1635

WIRE FACTOR: 0.994

I-.

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NOR MALIZING

AFTER CONCRETE ELASTIC RELAXATION I FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE j minlin FORCE LOSS LOSS
(YR:MO) (LOGJ (KIPS) (-.0001) (KIPS). (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

, ! ) (• I "c) D) ,I.,I.I (E) (F) . (G) I" (H) I (0) i" (J) (K) '_-I WL I (M) I (N) (0)

1 5.4 55.5 2.57% 42.0 0.090 39.5 6.0 1.7 138.7 8.42% 1508 1433 1357 -22

3 7.4 55.5 2.60% 42.5 0,110 48.5 8.5 2.4 148.9 9.04% 1498 1423 1348 -22

5 9.4 55.5 2.68% 43.8 0.123 54.1 10.0 2.8 156.2 9,48% 1491 1416 1342 -22

10 14.4 55.5 2.76% 45.1 0.150 66.0 13.5 3.8 170.4 10.35% 1476 1403 1329 -22

15 19.4 55.5 2.81% 45.9 0.167 73.6 15.5 4.4 179.4 10.89% 1468 1394 1321 -22
17 21.4 55.5 1465 1392 1318

20 24.4 55.5 2.87% 46.9 0.181 79.0 17.5. 4.9 186.3 11.31% 1461 1388 1315 -22

21:3 25.65 55.5 ...... 1459 1386 1313

25 29.4 55.5 2.88% 47.1 0.190 83.2 19.5 5.5 191.3 11.62% 1456 1383 1310 -22

30 34.4 55.5 2.91% 47.6 0.200 88.0 20.4 5.8 196.8 11.95% 1450 1378 1305 -22
35 39.4 55.5 2.93% 47.9 0.209 91.9 21.5 6.1 201.4 1'2.23% 1446 1373 1301 -22

40 44.4 5b.5 2.95% 4.2 0.215 94.7 22.5 6.4 204.7 12.43% 1442 1370 1298 -22

1460 1387 1314

27-Jan-RB CD

0



TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 3 is generated to include curve for 0 1 3 5 10 15 20 25 30 35 40

the 6th surveillance inspection (November 1997).

SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11/76)



CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES .61h TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (62H40)

-n1

0)
*01.

TENDON: :62H•4 INITIAL CONCRETE STRESS (PSI): -ail 732

ORIGINAL FORCES (KIPS): SHOP: 7.1639 FIELD: 1639
STRESS SEOUENCE: -iT39 OF 60 .

AVERAGE: 1639

TOTAL ELASTIC SHORT. LOSS: ".134.'0?
AVERAGE ALL HOOP TENDONS- '635 :

WIRE FACTOR: . ,. . . ,.-

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SIP. CR. FORCE m inlin FORCE LOSS LOSS
(YR:MO) iLOG)I, (KIPS) ('.000 I (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) (J 18 1 ]-IC) (0) E JE I (F) (G) (H) I () QJ) I 1K i IL) I (M) (N) I (0)

1 5.4 46.9 2,57% 42.0 0.090 39.5 6.0 1.7 130.1 7.94% 1509 1433 1358 .23
3 7.4 46.9 2.60% 42.5 0.110 48.5 8.5 2.4 140.3 8.56% 1499 1424 1349 -23
5 9.4 46.9 2.68% 43.8 0.123 54.1 10.0 2.8 147.6 9.01% 1491 1417 1342 -23

10 14.4 46.9 2.76% 45.1 0,150 66.0 13.5 3.8 161.8 9.87% 1477 1403 1329 -23
15 19.4 46.9 2.81% 45.9 0.167 73.6 15.5 4.4 170.8 10,42% 1468 1395 1321 *23
17 21.4 46.9 1465 1392 1319
20 24.4 46.9 2.87% 46.9 0.181 79.0 17.5 4.9 177.7 10.84% 1461 1388 1315 -23

21:3 25.65 46.9 1460 1387 1314
25 29.4 469 2.88% 47.1 0.190 83.2 19.5 5.5 182.7 11.15% 1456 1383 1311 -23
30 34.4 46.9 2.91% 47.6 0.200 88.0 20.4 5.8 188.3 11.49% 1451 1378 1306 .23
35 39.4 46.9 2.93% 47.9 0.209 91.9 21.5 6.1 192.8 11.76% 1446 1374 1302 -23
40 44.4 46.9 2.95% 48,2 0,215 94.7 22.5 6.4 196.2 11.97% 1443 1371 1299 -23

21 25.4 1460 1387 1314 .- M.C
3--

!5 •C-)

CD

w.A
01 1.Seui-97'
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note! Revision 2 is generated to change start date

for the 6th surveillance inspection from March

1997 to November 1997.

nr ~ -
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CRYSTAL RIVER 3 TENDON FORCE PREDICTIONI) NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR2.XLW 162H41)

TENDON: 6i' •2H41.' "' "INITIAL CONCRETE STRESS (PSI): : :1.

-n

0)

Kc.
c,,

ORIGINAL FORCES (KIPS): SHOP:. 615 FIELD: 1603 -;:•:"0!!

STRESS SEOUENCE: 35,:ý " OF i: 6
AVERAGE: 1609

TOTAL ELASTIC SHORT. LOSS: :, 134:0
AVERAGE ALL HOOP TENDONS: 1 .- "

WIRE FACTOR; 1 0 ;

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES
INSPECT. YEARS_________ _________

PERIOD AFTER STRESS CREEP SHRINKAGE -- TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION ____ ____ ____ ____ FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PER CEENT -TFORCE SP. CR. rFORCE m inlin FORCE LOSS LOSS
{YR:MO) (LOG) ______ I(KIPSI .OI (KIPS) (___ KIPS) (KIPS) ___ (KIPS) (KIPS) (KIPS lPS)

(A) ( B9) 1 IC) (0) (E) (F) (G)I (H) I N)1 I JI ] (K) 1[ (L) (MI M (N) (0)
1 5.4 55.8 2.57% 42.0 0.090 39.5 60 1.7 139.0 8.64% 1470 1396 1323 16
3 7.4 55.8 2,60% 42.5 0.110 48.5 8.5 2.4 149.2 9,28% 1459 1386 1313 16
5 9.4 55.8 2.68% 43.8 0.123 54.1 10.0 2.8 156.5 9.73% 1452 1380 1307 16
10 14.4 55.8 2.76% 45.1 0.150 66.0 13.5 3.8 170.7 10.61% 1438 1366 1294 16
15 19.4 55.8 2.81% 45.9 0.167 73.6 15.5 4.4 179.7 11.17% 1429 1358 1286 16
17 21.4 55.8 1426 1355 1284
20 24.4 55.8 2.87% 46.9 0.181 79.0 17.5 4.9 186.7 11.60% 1422 1351 1280 16

21:3 25.65 55.8 1421 1350 1279
25 29.4 55.8 2.88% 47.1 0.190 83.2 19.5 5.5 191.6 11.91% 1417 1346 1275 16
30 34.4 55.8 2.91% 47.6 0.200 88.0 20.4 5.8 197.2 12.26% 1411 1341 1270 16
35 39.4 55.8 2.93% 47.9 0.209 91.9 21.5 6.1 201.7 12.54% 1407 1337 1268 16
40 44.4 8 .2.95% 4 0.215 94.7 225 6.4 205.1 12.75% 1404 1333 1263 1
21 25.4 1421 1350 1279

~. n, ~
m w - 1.0CD

(.0
0

-h

-L

11.Sep-97
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March

1997 to November 1997.

C; , C-
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES • 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR2,XLW (62H42) I

-n

m
x

01
TENDON: 62H42:•. INITIAL CONCRETE STRESS (PSI: '132

ORIGINAL FORCES (KIPS): SHOP: ' 1615: FIELD: 603
STRESS SEOUENCE: 39 OF .60

AVERAGE: 1609
TOTAL ELASTIC SHORT. LOSS: I134.Oz

AVERAGE ALL HOOP TENDONS; 635• ."
WIRE FACTOR: -; '1'O0 ,

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT 11 SHORT. PERCEN FRCE SP. CR. FORCE minimi FORCE LOSS LOSSI__________
(YR:MO) (LOG) (KIPS) ('.0001) (KIPS) ._ _ IPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A I 1 (K) 7I: (C) , (0) J CE) (F) (G) (Hi t) t [K) (I UL) (M) I N)] O

1 5.4 46.9 2.57% 42.0 0.090 39.5 6.0 1.7 130.1 8.09% 1479 1405 1331 7
3 7.4 46.9 2.60% 42.5 0.110 48.5 8.5 2.4 140.3 8,72% 1468 1395 1322 7
5 9.4 46.9 2.68% 43.8 " 0.123 54.1 10.0 2.8 147.6 9.18% 1461 1388 1315 7

10 14.4 46.9 2.76% 45.1 0.150 66.0 13.5 3B8 161.8 10.06% 1447 1375 1302 7
15 19.4 46.9 2,81% 45.9 0.167 73.6 15.5 4.4 170.8 10.62% 1438 1366 1294 7
t7 21.4 46.9 1435 1363 1292
20 24.4 46.9 2.87% 46.9 0.181 79.0 17,5 4.9 177.7 11.05% 1431 1359 1288 7

21:3 25.65 46.9 1430 1358 1287
25 29.4 46.9 2.88% 47.1 0.190 83.2 19.5 5.5 182.7 1136% 1426 1355 1283 7
30 34.4 46.9 2.91% 47.6 0.200 88.0 204 5.8 188.3 11.70% 1420 1349 1278 7
35 39.4 46.9 2.93% 47.9 0.209 91.9 21.5 6.1 192.8 1198% 1416 1345 1274 7
40 44.4 469 2.95% 48.2 0,215 94.7 22.5 6.4 196.2 1219% 1413 '1342 -- 7T 7
21 25.4 143J 13b8 1281 CDr,

Zý cp (D

0

(0

11.Sep-97



CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: ROOPR2.XLW i62H451

-n

0)

01

TENDON:. 62H45 INITIAL CONCRETE STRESS (PSI): 1732 -'i

ORIGINAL FORCES IKIPS): SHOP- 1639 1 FIELD: !%:;1605iý,':!',
STRESS SEQUENCE: 37: OF 60

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1622

TOTAL ELASTIC SHORT. LOSS: 1340

AVERAGE ALL HOOP TENDONS: 1635,

WIRE FACTOR: ,, 0.994

IN DIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR
SIT PLACEMENT SHORT. PERCENUT [ORCE SP. CR. FORCE maintin FORCE LOSS LOSS

(YR:MO) (LOG) (KIPS) (1.0001) (KIPS) (KIPS) (KIPS) ((KIS) (KIPS) (KIPS) (KIPS)

IA) (B1 9 ' [I! ) J (DI (E) (F) . (GI I (I() IIJ (L I (M)I J NI ][ (0)

1 5.4 51.1 2.57% 42.0 0.090 39.5 6.0 1.7 134.2 8.28% 1487 1413 1339 -1
3 7.4 51.1 2.60% 42.5 0.110 48.5 8.5 2.4 144.5 8.91% 1477 1403 1329 -1
5 9.4 51.1 2.68% 43.8 0.123 54.1 10.0 2.8 151.8 9.36% 1470 1396 1323 .1
10 14.4 51.1 2.76% 45.1 0.150 66.0 13.5 3.8 166.0 10.23% 1456 1383 1310 -1

15 19.4 51.1 2.81% 45.9 0.167 73.6 15.5 4.4 174.9 10.79% 1447 1374 1302 -1

17 21.4 51.1 1444 1372 1299

20 24.4 51.1 2.87% 46.9 0.181 79.0 17.5 4.9 181.9 11.22% 1440 1368 1296 1
21:3 25.65 51.1 1438 1366 1295

25 29.4 51.1 2.88% 47.1 0.190 83.2 19.5 5.5 186.9 11.52% 1435 1363 1291 -1

30 34.4 51.1 2.91% 47.6 0.200 88.0 20.4 5.8 192.4 11.87% 1429 1358 1286 -1
35 39.4 51.1 2.93% 47.9 0,209 91.9 21.5 6.1 196.9 12.14% 1425 1353 1282 .1

40 44.4 51.1 2.95% 48.2 0215 94.7 225 6.4 200.3 12,35% 1421 1350 1279 -1
I

21 25.4 1439 ]b3 129b

-0.. CD

11-Sep-97
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start

date for the 6th surveillance inspection from

Match 1997 to November 1997.
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'-n

(31CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR3.XLW 162H43)

TENDON: idi621H43"': INITIAL CONCRETE STRESS (PSI): _)1732.-

ORIGINAL FORCES (KIPS): SH0P '1580, FIELD. 1602 \'
STRESS SEQUENCE: 316 OF .80

AVERAGE: 1591
TOTAL ELASTIC SHORT. LOSS: fiY 1t34'.0i

AVERAGE ALL HOOP TENDONS: - 1635

WIRE FACTOR: 0 .988

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m in/in FORCE LOSS LOSS
(YR:MOI (LOG) (__P____I*.00Ol__1 (KIPS) -. D0 I _ (KIPS) ...((K__S. I-PS) (KIPSI (IPS) (IKIPS) KIPS) (KIPS)

(A) 8a) (C) (D) E F) I(GI . (H)I 1 1K) ][ IL) . (M I] (NI .1 40)

1 5.4 52.9 2.57% 42.0 0.090 39.5 6.0 1.7 136.1 8.56% 1455 1382 1309 31

3 7.4 52.9 2.60% 42.5 0.110 48.5 8.5 2.4 146.3 9.20% 1445 1372 1300 31

5 9.4 52.9 2.68% 43.8 0.123 54.1 10.0 2.8 153.6 9.66% 1437 1366 1294 31
10 14.4 52.9 2.76% 45.1 0.150 66.0 13.5 3.8 167.9 10.55% 1423 1352 1281 30
15 19.4 52.9 2.81% 45.9 0.167 73.6 15.5 4.4 176.8 11.11% 1414 1344 1273 30

17 21.4 52.9 1411 1341 1270
20 24.4 52.9 2.87% 46.9 0.181 79.0 17.5 4.9 183.8 11.55% 1407 1337 1267 30

21:3 25,65 52.9 1406 1336 1265
25 29.4 52.9 2.88% 47.1 0.190 83.2 19.5 5.5 188.7 11,86% 1402 1332 1262 30

30 34.4 52.9 2.91% 47.6 0.200 88.0 20,4 5.8 194.3 12,21% 1397 1327 1257 30
35 39.4 52.9 2.93% 47.9 0.209 91.9 21.5 6.1 198.8 12.50% 1392 1323 1253 30
40 44.4 S2.9 2.95% 48.2 5.215 94.7 22.5 6.4 202.2 112.71%T 1389 1319 1250 30

21 25,4 1406 1336 12b6

=R`3

C
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02.Feb.98
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS) X

62 3 4 5 6 7 8 9 10 20 30 40 50 60 70 80 90 1001600 I Cn, .......

TENDON FORCE CURVE
TENDON 62H43
NORMALIZING FACTOR: 30

1500

BASE

,400 -95% BASE '

U30 __________ __________ _____ _ ___
:90% BASE

300
0

UJI
! I Predicted Values ForI-,

1200 >w Surveillance 6 (November 1, 1997)
0ASE 1406 Kips

0.Uz ,95% BASE 1336 Kips
t- 0 90% BASE 1266 Kips

1100 ,__

10000 = (C

ote: Revision 3 is generated to include curve for 0 1 3 5 10 15 20ý 25 30 35 40 (1

e 6th sucvei~llnce inspection INovember 199?). SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT, 11176)
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-n

0)

mlCRYSTAL RIVER 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR3.XLW (62H44) x

Fncr

TENDON: :62H44' INITIAL CONCRETE STRESS (PSI): 1732,
0c

ORIGINAL FORCES MKIPS):
STRESS SEQUENCE:

SHOP:, 1627 FIELD: 1675
'38,6O 0 .

AVERAGE: 1651
TOTAL ELASTIC SHORT. LOSS: '3ý4:.

AVERAGE ALL HOOP TENDONS: :16

WIRE FACTOR: ý, 1.000,

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m intin FORCE LOSS LOSS
(YR:MO) (LOG) (KIPSI ('.0001) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) C8) •C) (D) I (E) [ (F) .(_G) I(1) (JH I_ (K _ (__ _)__ I_(N) II__O___

1 5.4 49.1 2.57% 42.0 0.090 39.5 6.0 1.7 132.3 8.01% 1519 1443 1367 -32
3 7.4 49.1 2.60% 42.5 0.110 48.5 8.5 2.4 142.5 8.63% 1509 1433 1358 -32
5 9.4 49.1 2.68% 43.8 0.123 54.1 10.0 2.8 149.8 9.07% 1501 1426 1351 -32
10 14.4 49.1 2.76% 45.1 0.150 66.0 13.5 3.8 164.0 9.94% 1487 1413 1338 -32
15 19.4 49.1 2.81% 45.9 0.167 73.6 15.5 4.4 173.0 10.48% 1478 1404 1330 -32
17 21.4 49.1 1475 1402 1328

20 24.4 49.1 2.87% 46.9 0.181 79.0 17.5 4.9 180.0 10.90% 1471 1398 1324 -32
21:3 25.65 49.1 1470 1396 1323

25 29.4 49.1 2.88% 47.1 0.190 83.2 19.5 5.5 184.9 11.20% 1466 1393 1320 -32
30 34.4 49.1 2.91% 47.6 0.200 88.0 20.4 5.8 190.5 11.54% 1461 1388 1315 -32
35 39.4 49.1 2.93% 47.9 0.209 91.9 ,21.5 6.1 195.0 11.81% 1456 1383 1311 -32
40 44.4 49.1 2.95% 48.2 0.215 94.7 22.5 6.4 198.4 12.02% 1453 1380 1307 -

21 25.4 1470

02-Feb-98

1397 1323 m mo

~ m4,

0
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

3 4 5 6 7 8 9 20 30 40
1001 2 50 60 70 80 90

1600
TENDON FORCE CURVE

TENDON 62H44

NORMALIZING FACTOIF

140o
0.

u.I

LL.1300
z
0
zw

1200

1100

1000
Note: Revision 3 is generated to include curve
for the 6th surveillance inspection (November
1997).
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-n
CRYSTAL RIVER 3 TENDON FORCE PREDICTION / NON INTERACTION LOSSES - 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR1 .XLW (62H45)

0)
O"
m"x
27
cr

TENDON: ,62H45 INITIAL CONCRETE STRESS (PSI): , 1732"

ORIGINAL FORCES (KIPS): SHOP: j639l'-3,9 FIELD •16056's"'
STRESS SEQUENCE: 37 OF 6,-

AVERAGE: 1622

TOTAL ELASTIC SHORT. LOSS; I•i1`13-4`0b

AVERAGE ALL HOOP TENDONS: , 16a5

WIRE FACTOR: 0•994

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m in/in FORCE LOSS LOSS
(YR:MO) (LOG) I (KIPS) (*.0001) (KIPS) _.. (KIPS) (KIPS) '(KIPS) (KIPS) (KIPS) (KIPS)

(A) (B) (1(D) ( (E) (F) 1 (G) (H) 1 (1) ( I J) (K) (LM ] () I(N) (0)

.1 5.4 51.1 2.57% 42.0 0.090 39.5 6.0 1.7 134.2 8.28% 1487 1413 1339 -1
3 7.4 51.1 2.60% 42.5 0.110 48.5 8.5 2.4 144.5 8.91% 1477 1403 1329 -1
5 9.4 51.1 2.68% 43.8 0.123 54.1 10.0 2.8 151.8 9.36% 1470 1396 1323 -1
10 14.4 51,1 2.76% 45.1 0.150 66,0 13.5 3.8 166.0 10.23% 1456 1383 1310 -1
15 19.4 51A1 2.81% 45.9 0.167 73.6 15.5 4.4 174.9 10.79% 1447 1374 1302 -1
17 21.4 51.1 1444 1372 1299
20 24.4 51.1 2.87% 46.9 0.181 79.0 17.5 4.9 181.9 11.22% 1440 1368 1296 -1

21:3 25.65 51.1 1 1438 1366 1295
25 29.4 51.1 2.88% 47.1 0.190 83.2 19.5 5.5 186.9 11.52% 1435 1363 1291 -1
30 34.4 51.1 2.91% 47.6 0.200 88.0 20.4 5.8 192.4 11,87% 1429 1358 1286 -I
35 39.4 51.1 2.93% 47.9 0.209 91.9 21.5 6.1 196.9 12.14%1 1425 1353 1282 -1
40 44.4 51.1 2.95% 48.2 0.215 94.7 22.5 6.4 200.3 12,35% 1421 1350 1279 -1 (D

20:3 24.65 1439 1367 1295

-.6 0
wz,

..(o

co
to)

20-Jan-97
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
10I 100
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, : I l

1200
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01
20 25 30 35 40Note: Revision 2 is generated to change start date

lot the 6th surveillance inspection from March

1997 to November 1997.
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-n

0)
01CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

HOOP TENDON LOSSES WORK SHEET
FILE: HOOPR2.XLW (62H46)

ni

x0

TENDON: 62H46: ;;- INITIAL CONCRETE STRESS (PSI): 1732

ORIGINAL FORCES IKIPS):
STRESS SEQUENCE:

SHOP: .59" FIELD: 17n0.........O F , 6 0 i ........... .. AVERAGE: 1845

TOTAL ELASTIC SHORT. LOSS: .1340O
AVERAGE ALL HOOP TENDONS: 1635

WIRE FACTOR: - 1.00.

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

IININDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT 1"FORCE SP. CR. FORCE mainlinm FORCE LOSS LOSS
(YR:MO) (LOG) _, .!KIPSI (',0001j IKIPS)IKIPS) (KIPS)_ (KIPS) (KIPS) (KIPS) (KIPS)

IA) J (Bc) C (D) (E) J (F) 1 (___) (H) (1) ] I J) (K) I L) (M) I N) (0o

1 5.4 49.1 2.57% 42.0 0.090 39.5 6.0 1.7 132.3 8.04% 1513 1437 1362 -27
3 7.4 49.1 2.60% 42.5 0.110 48.5 8.5 2.4 142.5 8.66% 1503 1428 1352 -27
5 9.4 49.1 2.68% 43.8 0.123 54.1 10,0 2.8 149.8 9,11% 1495 1421 1346 -27
ID 14.4 49.1 2.76% 45.1 0.150 66.0 13.5 3.8 164.0 9.97% 1481 1407 1333 -27
15 19.4 49.1 2.81% 45,9 0.167 73.6 15.5 4.4 173.0 10.52% 1472 1399 1325 .27
17 21.4 49.1 1469 1396 1322
20 24.4 49.1 2.87% 46.9 0.181 79.0 17.5 4.9 180.0 10.94% 1465 1392 1319 -27

21:3 25.65 49.1 1464 1391 1318
25 29.4 49.1 2.88% 47.1 0.190 83.2 19.5 5.5 184.9 11.24% 1460 1387 1314 -27
30 34.4 49.1 2.91% 47.6 0.200 88.0 20.4 5.8 190.5 11.58% 1455 1382 1309 -27
35 39.4 49.1 2.93% 47.9 0.209 91.9 21.5 6.1 195.0 11.85% 1450 1378 1305 27
40 44.4 49.1 2.95% 48.2 0.215 94.7 22.5 6.4 198.4 12.06% 1447 1374 1302

- - - - ---- ---- ----- -----,,,

21 25.4 1464 1391 1318
"'
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0
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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0 1 3 5 10 15 20 25 30 35 40Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES• 6th TENDON SURVEILLANCE
HOOP TENDON LOSSES WORK SHEET

FILE: HOOPR2.XLW (62H47)

TENDON: . 62H47 INITIAL CONCRETE STRESS (PSI): ., 132

-Ti

0y)

m
X

L1

ORIGINAL FORCES (KIPS): SHOP i-1590 FIELD ::1575".

STRESS SEQUENCE: .. 38 OF 60

NOTE: SHADED VALUES ARE EXTRACTED FROM HOOPINP WORK SHEET

AVERAGE: 1582
TOTAL ELASTIC SHORT. LOSS: ".i'J3-4.

AVERAGE ALL HOOP TENDONS: 635

WIRE FACTOR: 098

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FO3RCE m inlin FORCE LOSS LOSS
fYR:MGI (LOWGI (____ ____ KIPS) V.0001) IIS ___ (KIS KIPS) ( ___ KIPS) (KIPS) (KIPS (KIPS)

(A) J !() I(C) (0 (E) (F) 1 Q I ll" II [ (JH (KI( I QMI NI 1M)01

1 5.4 48.2 2.57% 42.0 0,090 39.5 6.0 1.7 131.4 8.31% 1451 1378 1306 35
3 7.4 48.2 2.60% 42.5 0.110 48.5 8.5 2.4 141.6 8.95% 1441 1389 1296 35
5 9.4 48.2 2.68% 43.8 0.123 54.1 10.0 2.8 148.9 9.41% 1433 1362 1290 35
10 14.4 48.2 2.76% 45.1 0.150 66.0 13.5 3.8 163.1 10.31% 1419 1348 1277 35
15 19.4 48.2 2.81% 45.9 0.167 73.6 15.5 4.4 172.1 10.88% 1410 1340 1269 35

17 21.4 48.2 1407 1337 1267
20 24.4 48.2 2.87% 46.9 0.181 79.0 17.5 4.9 179.1 11.32% 1403 1333 1263 35

21:3 25.65 48.2 1402 1332 1262
25 29.4 48.2 2.88% 47.1 0.190 83.2 19.5 5.5 184.0 11.63% 1398 1328 1258 35
30 34.4 48.2 2.91% 47.6 0.200 88.0 20.4 5.8 189.6 11.98% 1393 1323 1253 35
35 39.4 48.2 2.93% 47.9 0,209 91.9 21.5 6.1 194.1 12.27% 1388 1319 1249 35
40 44.4 482 2.95% 48.2 0.215 94.7 22.5 1 .4 197.5 12.48% 385 1315 1246 1 3

21 25.4 1402 1332 1262
S ift (0

CD

01
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March

1997 to November 1997.
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FM 6.5 Exhihit 5 n~nn 1IRA rnf 1 al
F E 5A

Florida DESIGN ANALYSISICALCULATION
Power Crystal River Unit 3
CORPORA~iON 

Pg 2Page 125

DOCMUMENT IDENTRFICAMiON NO- REVISION

Calculation S-95-0082 0

6.5 Vertical Tendons

VERTICAL TENDONS

Tendons Listing & Input Data Sheet

Individual Tendons Losses Worksheets

Individual Tendons Force Curves

RET: Life of Plant RESP: Nuclear Engineering
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FM 6.5 Exhibit 5 page 155 of 191

CRYSTAL RIVER UNIT 3 -6th TENDON SURVEILLANCE
VERTICAL TENDONS DATA INPUT

DOC ID:595.O0gV
REVISION 2
PAGE 126

Initial Concrete Stress =

Average Force =
Total Stress Sequence (N) -
Total Elastic Shortening =

967.0 (ksi)
1644.0 (kips)

. , . ...+... ....,

Ref.

M2f Page 7A. IC, 7C

(21 Page 15

See (2) & Attachment E

Li-i-off Pressure (ksi) (1) Stress No. of Wire Original Forces (kips)
Tendon Shop End Field End Sequence Effective Factor Shop f Field Remarks

No. [Predicte [ Actual Predicted i Actual (n) (2) Wiresi) I#163(4) End (5) End (5) (3)S-- - 1 JIB I Mci I IuJ I(j t• t •ij II.l' ii I (= I JKtL ),
2V-4- 68/U bbbU I NIA . NI A MA 24 . .... 1i.UU 1674J3 NIA

12V2 6800 7050 1 N/A N/A Ii 27 163 1.000 1699 NIA

23V1 6800 7100 NIA NIA I 163 1.000 1711 NIA
T~~T..7O:i.NA- ...N/ .. 96.0:;;O0~:T T N!A

23V3 6760 6850 N/A NIA 10 163 1.000 1661 N/A

34V5 6800 6775 N/A NIA 5 163 1.000 1633 N/A
.. .68... . . . ..... . :... . A .26 3 . -. .. ....... :....1.0. :6N .e

34V7 6870 6900 NIA NIA 14 163' 1.000 1646 NIA

61V9- 6860 6800 N/A NIA 5 163 1.000 1625 N/A

75VT ~ .6870 ....6..0. .:. N/: N TI J3::21000 196N:
61V11 6710 6850 NfA N/A 15 160 0.982 1642 NIA

61M20 6870 6850 NIA NfA 29 1 163 0.982 1634" N/IA
7U77T :.67D: .60. : M. N/; 9: . 1.6 . 10 1~ 62m 0/ IS

61V22 6870 6800 NIA NIA 26 163 I 0.982 1622 NIAA

File: VERTP.2.XLW (VERTIt1P)

Notes:
(1) Ref. Crystal River 3 RIB Tendon History Sheets- Vertical Tendons !or Original Stressing
(2) Ref. Crystal River 3 Tendon Surveillance Loss Calculations, Tendon Stress Sequence, Pages 28 and 28a
(3) S = Selected Tendons, C = Control lendon, 0 = Detensioned tendon, A -Alternate tendon

E - Exempted Tendons (5th Surveillance), All Other Tendons are Adjacents

(4) Wire factors are calculated based on the number of effective wires divided by 183.

(5) Original forces calculated based on the expression in Section 6.2.2.
,2-Sep.97

9:44 AMt

I NIL



CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (23V24)

-n

m
x

01TENDON: '23V24 INITIAL CONCRETE STRESS (PSI): 5.4 967 :ý:

ORIGINAL FORCES (KIPS):

STRESS SEOUFNCE:

SHOP: 1634 FIELD: .. . ;1634

24.:.:! . F "== F

AVERAGE: 1634

TOTAL ELASTIC SHORT. LOSS: 73.5 ,i

AVERAGE ALL VERT TENDONS- 644
WIRE FACTOR: 1 0

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMAIIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE minlin FORCE LOSS LOSS

(YR:MO) (ILOG (KIPS) (V.6000 ] (KIPS) (KIPS) IKIPS) (KIPS) (KIPS) (KIPS) (KIPS)

JA__I (B)_ I (CII(O) (El (Eli ___ (H) I .... I (J) l K II (L) (M1J N][

I 5.4 16.6 2.57% 42.3 0.096 18.6 6.0 1.7 79.2 4.85% 1555 1477 1399 .9

3 7.4 16.6 2.60% 42.7 0.117 22.6 8.5 2.4 84.3 5.16% 1550 1472 1395 -9

5 9.4 16.6 2.68% 44.1 0.130 25.4 10.0 2.8 88.9 5.44% 1545 1458 1391 -9

10 14.4 16.6 2.76% 45.4 0.157 30.5 13.5 3.8 96.3 5.89% 1538 1461 1384 -9

15 19.4 16.6 2.81% 46.2 0.173 33.3 15.5 4.4 100.5 6.15% 1534 1457 1380 .9

17 21.4 16.6 1532 1455 1379

20 24.4 16.6 2.87% 47.2 0.188 36.1 17.5 4.9 104.8 6,41% 1529 1453 1376 89

21:3 25.65 16.6 1529 1452 1376

25 29.4 16.6 2.89% 47.3 0.197 37.8 19.5 5.5 107.2 6.56% 1527 1451 1374 -9

30 34.4 16.6 2.91% 47.8 0.207 39.8 20-4 5-8 110.0 6.73% 1524 1448 1372 -9

35 39.4 16.6 7.93% 48.2 0.216 41,5 21.5 6.1 112.4 6.88% 1522 1446 1370 9

40 44.4 16.6 2.95% 1 48.5 0.221 42.6 22.5 6.4 114.1 6.98% 1520 1444 1368 .9
I

21 25.4 1529 1452 1376 -M C3

F; C)

CD

0')
0
-. 1

Co

12-Sep.97
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

I
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Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (12V11

53)
*01

197- M1
TENDON: .1261 INITIAL CONCRETE STRESS (PSI) : 987

ORIGINAL FORCES (KIPSI:

STRESS SEOUENCE:

SHOP: 1675 FIELD i 5

7~Of I3

AVERAGE: 1675

TOTAL ELASTIC SHORT. LOSS: :73.5::;:--';

AVERAGE ALL VERT TENDONS: 1644

WIRE FACTOR: 1.000

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR.F ORE mir OC LOSS LOSSj____ _______
(.Gol FOC m inf lFORC

IYR:MO)I (LOG) (KIPS) 1.00011 (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) (B) I (C) (0 I (E) (F) (G) (H) (I ) J I J K (LI (M) ( (N) J[ (0

1 5.4 56.9 2.57% 42.3 0.096 18.6 6.0 1.7 119.5 7.13% 1556 1478 1400 .9

3 7.4 56.9 2.60% 42.7 0.117 22.6 8.5 2.4 124.6 7.44% 1550 1473 1395 -9

5 9.4 56.9 2.68% 44.1 0.130 25.4 10.0 2.8 129.2 7.71% 1546 1469 1391 -9

10 14.4 56.9 2.76% 45.4 0.157 30.5 13.5 3.8 135.6 8.15% 1538 1462 1385 -9

15 19.4 56.9 2.81% 46.2 0.173 33.3 15.5 4.4 140.8 8.41% 1534 1458 1381 .9

17 21.4 56.9 1533 1456 1379

20 24.4 56.9 2.87% 47.2 0.188 36.1 17.5 4.9 145.1 8.66% 1530 1453 1377 -9

21:3 25.65 56.9 1529 1453 1376

25 29.4 56.9 2.89% 47.3 0.197 37.8 19.5 5.5 147.5 8.81% 1528 1451 1375 -9

30 34.4 56.9 2.91% 47.8 0.207 39.8 20.4 5.8 150.3 8.97% 1525 1449 1372 -9

35 39.4 56.9 2.93% 48.2 0.216 41.5 21.5 6.1 152.7 9.12% 1522 1446 1370 9

40 44.4 56.9 2-95% 48.5 0.221 42.6 22.5 8.4 154.4 9.22% 1521 1445 1369 -9
I

21 25,4 I bau 1-403 1,311 C3 ,

co~ 0,
(0

12-Sep-97
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TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March

1997 to Novemnber 1997.
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CRYSTAL RIVER 3 TENOON FORCE PREDICTION I NON INTERACTION LOSSES. BIh TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (1 2V2)

TENDON: ' 12V2 ...<:: INITIAL CONCRETE STRESS (PSI): 956T:

-n

03)

K2.m
C"

ORIGINAL FORCES MKIPS):
STRESS SEQUENCE:

SHOP P:,, iý1699. FIELD 1699

27 OF A3~~
AVERAGE: 1699

IOTAL ELASTIC SHORT. LOSS: .7.5
AVERAGE ALL VERT TENDONS: 1644

WIRE FACTOR: [ 1.00.,

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE ! FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. jFORCE mm/inli f FORCE LOSS ILOSS1 ___1____11______

(YR:MO) [LOG) (KIPS) ('.0001) [KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) IKIPS)

(A) I(8) I(CB)I (C) ( ) (E)I (F) [(iG)] (H) (I) j )J) (K) [1 (L) (M) [7N) ]t co

1 5.4 9.5 2.57% 42.3 0.096 18.6 6.0 1.7 72.1 4.24% 1627 1546 1464 -80

3 7.4 9.5 2.60% 42.7 0.117 22.6 8.5 2.4 77.2 4.54% 1622 1541 1460 .80

5 9.4 9.5 2.68% 44.1 0.130 25.4 10.0 2.8 81.8 4.81% 1617 1537 1456 -80

10 14.4 9.5 2.76% 45.4 0.157 30.5 13.5 3.8 89.2 5.25% 1610 1530 1449 -80

15 19.4 9.5 2.81% 46.2 0.173 33.3 15.5 4.4 93.4 5.50% 1606 1526 1445 .90
17 21.4 9.5 1604 1524 1444

20 24.4 9.5 2.87% 47.2 0.188 36.1 17.5 4.9 97.7 5.75% 1602 1521 1441 .80

21:3 25.65 9.5 1601 1521 1441

25 29.4 9.5 2.89% 47.3 0.197 37.8 19.5 5.5 100.1 5.89% 1599 1519 1439 .80

30 34.4 9.5 2,91% 47.8 0.207 39.8 20.4 58 1029 6.05% 1596 1516 1437 -80

35 39.4 9.5 2.93% 48.2 0216 41.5 21.5 6.1 105.3 5.20% 1594 1514 1435 .80

40 44.4 9.5 2.95% 48.5 0.221 42.6 225 6.4 107.0 6.30% 1592 1513 1433 .80

21 25.4 1501 1521 1441
-m

Co , CD

0')0
0

r.0

12-Sep-.97
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Note: Revision 2 is generated to change start date

fr the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES. 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (23V1) 191•'

m

x

E~TENDON: 23V] INITIAL CONCRETE STRESS {PSI): 967

ORIGINAL FORCES (KIPS):
STRESS SEGUENCE:

SHOP: "7 . FIELD: 'i7i::•I

1 OF 3
AVERAGE: 1711

TOTAL ELASTIC SHORT. LOSS: 73.5
AVERAGE A.L VERT TENDONS: . 644

WIRE FACTOR: ' '.lO 0:.:':!!. !-

NOTE: SHAOEO VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHR•NKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT I FORCE SP. CR. FORCE m inin FORCE LOSS LOSS

(YR:MO) (LOG) _____ _____j(K(IPS) (1.0001)(jIKIPS) ____ (KIPS) (KIPS) J ____ (KIPS) (KIPS) (KIPS) (KIPS)
(A) [ a) 11 c) [(0) 1 (E) [(F), 1(611 T (H) (1) 1 {J) I (K7 (L) I (Mi 1(N) (0)

1 5.4 71.1 2.57% 42.3 0-096 18.5 6.0 1.7 133.7 7.81% 1578 1499 1420 -30

3 7.4 71.1 2.60% 42.7 0.117 22.6 8.5 2.4 138.8 8.11% 1572 1494 1415 -30
5 9.4 71.1 2.68% 44A1 0.130 25.4 10.0 2.8 143.4 8.38% 1568 1489 1411 .30
10 14.4 71.1 2.76% 45.4 0.157 30.5 13.5 3.8 150.8 8.81% 1560 1482 1404 -30
is 19.4- 71.1 2.81% 46.2 0.173 33.3 15.5 4.4 155.0 9.06% 1556 1478 1401 -30

17 21.4 71.1 1554 1477 1399

20 24.4 71.1 2.87% 47.2 0.188 38.1 17.5 4.9 159.3 9.31% 1552 1474 1397 -30
21:3 25.65 71.1 1551 1474 1398
25 29.4 71.1 2.89% 47.3 0.197 37.8 19.5 5.5 161.7 9.45% 1550 1472 1395 -30

30 34.4 71.1 291% 47,8 0.207 39.8 20.4 5.8 164,5 9.61% 1547 1469 1392 .30
35 39,4 71.1 2.93% 48.2 0.216 41.5 21.5 6.1 168.9 9.75% 1544 1467 1390 -30
40 44.4 71.1 2.95% 48.5 0.221 42.6 22.5 6.4 168.6 9.85% 1543 1465 1388 -30 I
21 25.4 1551 1474 1396 ~. n, ~-v ~ 'F'-

C~~C)
n, ~ -

c.a z ~"
CD

0)

0
12.Sep-97
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Cn3TIME AFTER AVERAGE DATE OF CONCRETE WALL PLACEMENT (YEARS)

I 1023 4 5 6878 9 100
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1 t
' 95% BASE ,- ---, -
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BASE 1551 Kips

__ ,, 95% BASE 1474 Kips
I -- 90% BASE 1396 Kips

IpI tI I______.__ _____ _,________ ___

1200

1100 1.

Note: Revision 2 is generated to change start date

for the 8th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION 1 NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (23V2Z

TENDON: 23V2 - INITIAL CONCRETE STRESS (PSI): K907."

1*1

03n
m1

1 x.
=r

ORIGINAL FORCES (KIPS):

STRESS SEGUENCE:
SHOP: 1 1598 FIELD:. :1J598: -

19.: , i OF :
AVERAGE: 1598

TOTAL ELASTIC SHORT. LOSS: .735.

AVERAGE ALL VERT TENDONS: . 1844-
WIRE FACTOR: , 000 A.

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL " NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE r inlin FORCE LOSS LOSS
(YR:MO) (LOG) .... IKIPS) (0.0001 J (KIPS) (KIPS I (KIPS) (KIPS) (KIPS) (IKPS)

(A) {B) I(C) (D) (E), (F) (G) (H) J (1) " {J) (K) ![ (L) IM) (N )][ (0)

1 5.4 28.5 2.57% 42.3 0.096 18.6 6.0 1.7 91.1 5.70% 1507 1432 1357 37
3 7.4 28.5 2.60% 42.7 0.117 22.6 8.5 2.4 96.2 6.02% 1502 1427 1352 37
5 9.4 28.5 2.68% 44.1 0.130 25.4 10.0 2.8 100.8 6.30% 1498 1423 1348 37

10 14.4 28.5 2.76% 45.4 0.157 30.5 13.5 3.8 108.2 6.77% 1490 1416 1341 37
15 19.4 28.5 2.81% 46.2 0.173 33.3 15.5 4.4 112.4 7.03% 1486 1412 1337 37
17 21.4 28.5 1484 1410 .1336
20 24.4 28.5 2.87% 47.2 0.188 36.1 17.5 4.9 116.7 7.30% 1482 1408 1334 37

21:3 25.65 28.5 1481 1407 1333
25 29.4 28.5 2.89% 47.3 0.197 37.8 19.5 5.5 119.1 7.45% 1479 1405 1331 37
30 34.4 28.5 2.91% 47.8 0.207 39.8 20.4 5.8 121.9 7.62% 1477 1403 1329 37
35 39.4 28.5 2.93% 48.2 0.216 41.5 21.5 6.1 124.3 7.77% 1474 1400 1327 37
4a 44.4 28.5 2-95% 485 0.221 42.6 22.5 6.4 128.0 7.88% 1472 .1399 1325 37

I
Z1 Zb.4 1481 1407 1333

-~ ~ I~ ~ ~2.
~ CD

0)
4-4,

12.Sep.97
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.

SuPrrveil 1--
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-ni

CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERIR2.XLW (23V3)

IErJON: 0 N 23V3 INITIAL CONCRETE STRESS (PSI): i:BT,!,

m

xY

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

SHOP. 16'6"1 C' FIELD:. 6 1,

10 F 31" .

AVERAGE: 1661

TOTAL ELASTIC SHORT. LOSS. ; :735
AVERAGE ALL VERT TENDONS-. 144

WIRE FACTOR: : 1'a00 "y'

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FjRCR PERCENT BASE 95% BASE 90% BASE FACTOR

IYR:Mo) ILOG) (KIPS) ('Ol.0011 (I.PS) WPS, (KIPS) (KIPS) WJPS) (KIPS) (KIPS)
(A) (B) (C) (D)I (EjI (F) Q (H) [ 1) (1 I {K) ! iL) I{M) " IN (0)

1 5.4 49.8 2.57% 42.3 0.096 18.6 6.0 1.7 112.4 6.77% 1548 1471 1394 -2
3 7.4 49.8 2.60% 42.7 0.117 22.6 8.5 2.4 117.5 7.07% 1543 1466 1389 .2

5 9.4 49.8 2.68% 44.1 0.130 25.4 10.0 2.8 122.1 7.35% 1539 1462 1385 .2

10 14.4 49.8 2.76% 45.4 0.157 30.5 13.5 3.8 129.5 7.80% 1531 1455 1378 .2

15 19.4 49.8 2.81% 46.2 0.173 33.3 15.5 4.4 133.7 8.05% 1527 1451 1374 .2

17 21.4 49.8 1525 1449 1373

20 24.4 49.8 2.87% 47.2 0.188 36.1 17.5 4.9 138.0 8.31% 1523 1447 1370 .2

213 25.65 49.8 1522 1446 1370

25 29.4 49.8 2.89% 47.3 0.197 37.8 19.5 5.5 140.4 8,45% 1520 1444 1368 -2

30 34.4 49.8 2.91% 47.8 0.207 39.8 20.4 5.8 143.2 8.62% 1518 1442 1386 -2

35 39.4 49.8 7-93% 48.2 0.216 41.5 21,5 6.1 145.6 8.777% 1515 1439 1364 -2

40 44.4 49.8 2.95% 48.5 0.221 42.6 22.5 6.4 147.3 8.87% 1513 1438 1362 -2
!

21 25.4 1522 1446 1370 C3~7
c CJ .'

(D
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (34V5) Ift•.

-n
0)

0"1

mx

0"1
TENDON: 34V5., INITIAL CONCRETE STRESS (PSI): '1967,":

ORIGINAL FORCES (KIPSI:
STRESS SEQUENCE:

SHOP1 •633O FIELD 1633
S:. OF5 ;:': 0 1•"3 1 ;;"'':

AVERAGE: 1633

TOTAL ELASTIC SHORT. LOSS: *73 '
AVERAGE ALL VERT TENDONS: 1644

WIRE FACTOR: ;...1.0 : '!

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m infn FORCE LOSS LOSSJ________ _______

(YR:MO) (LOG) _(IPS) (.0001),. (KIPS) (KIPSI (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

(A) l .B I (c) (0)1 CE, [(F IF .(I (H) (1))1 Q I) (K(IJ (LI (M) (NjIIl (0)

1 5.4 51.6 2.57% 42.3 0.096 18.6 6.0 1.7 124.2 7.61% 1509 1433 1358 37

3 7.4 61.6 2.60% 42.7 0.117 22.6 8.5 2.4 129.3 7.92% 1504 1428 1353 37

5 9.4 61.6 2.68% 44.1 0.130 25.4 10.0 2.8 133.9 8.20% 1499 1424 1349 37

10 14.4 61.6 2.76% 45.4 0.157 30.5 13.5 3.8 141.3 B.66% 1492 1417 1342 37

15 19.4 61.6 2.81% 46.2 0.173 33.3 15.5 4.4 145.5 8.91% 1487 1413 1339 37

17 21.4 61.6 1486 1411 1337

20 24.4 61.6 2.87% 47.2 0.188 36.1 17.5 4.9 149.8 9.18% 1483 1409 1335 37

21:3 2565 61.6 1482 1408 1334

25 29.4 61.6 2.89% 47.3 0.197 37.8 19.5 5.5 152.2 9.32% 1481 1407 1333 37

30 34A4 61.6 2.91% 47.8 0.207 39.8 204 5.8 155.0 9.50% 1478 1404 1330 37

35 39.4 61.6 2.93% 48.2 0.216 41.5 21.5 6.1 157.4 9.64% 1475 1402 1328 37

40 44.4 61.6 2.95% 48.5 0.221 42.6 22.5 6.4 159.1 9.75% 1474 1400 1326 37
- -- ---- ---- ---- ---- ---- --- I

21 25.4 1483 1408 1334 -u ~

m ~,, -

- 0..
C., ~ (0

0

CID

0*)

0

(.0

12-Sep-97
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Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES -6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (34V6)

-n

m

(.11
TENDON: 3V6 INITIAL CONCRETE STRESS (PSI): ;i'i=.::!; •Y i•!i;

ORIGINAL FORCES (KIPS):

STRESS SEDUENCE:

SHO P. 161 FIELD U 2'

26 O•...oF ".j.
AVERAGE: 1612

TOTAL ELASTIC SHORT. LOSS: ;73.5I

AVERAGE ALL VERT TENDONS: 1644,

WIRE FACTOR: 1000.

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

I N D I V I D U A L' L O S S E S TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE mininI FORCE LOSS LOSS
IYR:MO( ILOG) _________ (KIPS) 11.OOO1) (KIPS) ______ KIPS) (KIPS) _____I KIPS) (KIPS) (KIPS) (KIPS)

(A) . (B, 11(C) 1 (0) (E) IF) 1(G) (H( (I) (J) I'j[LI ]) (M)I (N) I o0

1 5.4 11.9 2.57% 42.3 0.096 18.6 6.0 1.7 74.5 4.62% 1538 1461 1384 7
3 7.4 11.9 2.60% 42.7 0.117 22.6 8.5 2.4 79.6 4.93% 1533 1456 1380 7
5 9.4 11.9 2.68% 44.1 0.130 25.4 10.0 2.8 84.2 5.22% 1528 1452 1375 7
10 14.4 11.9 2.76% 45.4 0.157 30.5 13.5 3.8 91.6 5.68% 1521 1445 1369 7

15 19.4 11.9 2.81% 46.2 0.173 33.3 15.5 4.4 95.8 5.94% 1517 1441 1365 7

17 21.4 11.9 1515 1439 1363
20 24.4 11.9 2.87% 47.2 0,188 36.1 17.5 4.9 100.1 6.21% 1512 1437 1361 7

21:3 25.65 11.9 1512 1436 1361

25 29.4 11.9 2.89% 47.3 0.197 37.8 19.5 5.5 102.5 6.35% 1510 1435 1359 7
30 34.4 11.9 2.91% 47.8 0.207 39.8 20.4 5.8 105.3 6,53% 1507 1432 1356 7
35 39.4 11.9 2.93% 48.2 0.216 41.5 21.5 6.1 107.7 6.68% 1505 1430 1354 7
40 44.4 11.9 2-95% 48.5 0.221 42.6 22.5 6.4 109.4 6.78% 1503 1428 1353 7

21 25.4 1512 1436 1351 -~ ~ 0
b. n. o
- .c r~

~ z "~

0

0

(o
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Note: Revision 2 is generated to change start date

tor the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (34V71

-n

m
x
0ý

R, c,,TENDON: 34V7. INITIAL CONCRETE STRESS IPSI):

ORIGINALFORCES(KIPS):

STRESS SEGUENCE:

SHOP: 646 :. FIELD: ::;
14* OF :.:.31i

AVERAGE: 1646
TOTAL ELASTIC SHORT. LOSS: .73 5

AVERAGE ALL VERT TENDONS: . 1 .
WIRE FACTOR: . 1.000

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDJIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR
SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE min~in FORCE LOSS LOSS

(YR:MO) (LOG) (KIPSI (.000) (KIPS) ( IKIPS) I(KIPS) L (KIPSI (KIPS) (KIPS) (KIPS)
(A) [(I B) II(C) [(0) I (E) [ (F) G) ( (H) (1) . (J) IF )K JI ()U I (M) N) (0)

1 5.4 40.3 2.57% 42.3 0.096 18.6 6.0 1.7 102.9 6.25% 1543 1466 1389 3

3 7.4 40.3 2.60% 42.7 0.117 22.6 8.5 2.4 108.0 6.56% 1538 1461 1384 3

5 9.4 40.3 2.68% 44.1 0.130 25.4 10.0 2.8 112.6 6.84% 1533 1457 1380 3

10 14.4 40.3 2.76% 45.4 0.157 30.5 13.5 3.8 120.0 7.29% 1526 1450 1373 3

15 19.4 40.3 2.81% 46.2 0,173 33.3 15.5 4.4 124.2 7.55% 1522 1 1446 1370 3

17 21.4 40.3 1520 1444 1368

20 24.4 40.3 2.87% 47.2 0.188 36.1 17.5 4.9 128.5 7.81% 1518 1442 1366 3

21:3 25.65 40.3 1517 1441 1365

25 29.4 40.3 2.89% 47.3 0.197 37.8 19.5 5.5 130.9 7.95% 1515 1439 1364 3
30 34.4 40.3 2.91% 47.8 0.207 39.8 20.4 5.8 133.7 8.12% 1512 1437 1361 3

35 394 40.3- 2.93% 48.2 0.216 41.5 21.5 6.1 136.1 8.27% 1510 1434 1359 3
40 44.4 40.3 2.95% 48.5 0.221 42.6 22.5 64 137.8 8.37% 1508 1433 1357 3

I -
21 25.4 1517 1441 1365

012.Sep-97
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Note: Revision 2 is generaled to change start date
for the 61h surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTIOrI LOSSES - 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (6 V9)

-n

K
01

TENDON: 61V9 INITIAL CONCRETE STRESS (PSI):. 6:

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

SHOP:. 1625. FIELD:., 1-625 .

5 ~ ~ j OF .~1,:

AVERAGE: 1625

TOTAL'ELASTIC SHORT. LOSS:

AVERAGE ALL VERT TENDONS: '1644:;:-:-,:

WIRE FACTOR: : 1.000

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP.CR. FORCE ninfin FORCE LOSS LOSS
IYR:MO) (LOG) (KIPSI (%.OO1) (KIPS) (KIPS!I (KIPSI (KIPS) (KIPS) IKIPS) [KIPS)

(A) (( ) (C) I D) (E) (F) J (G) (H) (I) (J) (K) (L)) I! (0)

5.4 61.6 2.57% 42.3 0.096 186 60 1.7 124.2 7.65% 1500 1425 1350 45
3 7.4 61.6 2.60% 42.7 0.117 22.6 8.5 2.4 129.3 7.96% 1495 1420 1346 45

5 9.4 61.6 2.68% 44.1 0.130 25.4 10.0 2.8 133.9 8.24% 1491 1416 1342 45

10 14.4 61.6 2.76% 45.4 0.157 30.5 13.5 3.8 141.3 8.70% 1483 1409 1335 45

15 19.4 61.6 2.81% 46,2 0.173 33.3 15.5 4.4 145.5 8.96% 1479 1405 1331 45

17 21.4 61.6 1477 1403 1330
20 24.4 61.6 2.87% 47.2 0.188 36.1 17.5 4.9 149.8 9.22% 1475 1401 1327 45

21:3 25.65 61.6 1474 1400 1327

25 29.4 61.6 2.89% 47.3 0.197 37.8 19.5 5.5 152.2 9.37% 1472 1399 1325 45

30 34.4 61.6 2.91% 47.8 0.207 398 20.4 5.8 155.0 9.54% 1470 1396 1323 45

35 39.4 61.6 2.93% 48.2 0.216 41.5 21.5 6.1 157.4 9.69% 1467 1394 1320 45
40 44.4 61.6 2.95% 48.5 0.221 42.6 22.5 6.4 159.1 9.80% 1465 1392 1319 45

|

21 25.4 1474 1401 1327
C-v

CO-.X
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BASE 1474 Kips
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION! NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (61 VlO}

TENDON: ' io61 :" INITIAL CONCRETE STRESS (PSI):

53)

m

01

ORIGINAL FORCES (KIPS):

STRESS SEQUENCE:

SHOP: ýj'4::• 1:598 ':!',::! FIELD: i s5 ','

.26• OF•::, •.••O:F 3, "
AVERAGE: 1598

TOTAL ELASTIC SHORT. LOSS: 735- z e' r •c. =, '

AVERAGE ALL VERT TENDONS- .. , .644

WIRE FACTOR: 1.00

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL J NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE IPERCENT BASE 95% BASE 90%BASE FACTOR

IYR:MO( (LOG) (KIPS) (1.0001) IKIPS) (KIPS) IKIPS) IKIPS) (KIPS) ,KIPS) (KIPS)

(A) (B) ] i: ° E (F) I G H) w (( J (K) _ L l '(M ) " - "q !7N . (01

1 .- 5.4 11.9 2.57% 42.3 0.096 18.6 6.0 1,7 74.5 4.66% 1524 1448 1372 21
3 7.4 11.9 2.60% 42.7 0.117 22.6 8.5 2.4 79.6 4.98% 1519 1443 1397 21
5 9.4 11.9 2.68% 44.1 0.130 25.4 10.0 2,8 84.2 5.27% 1514 1439 1363 21

10 14.4 11.9 2.76% 45.4 0(157 30.5 13.5 3.8 91.6 5.73% 1507 1431 1356 21
15 19.4 11.9 2.81% 46.2 0.173 33.3 15.5 4.4 95.8 5.99% 1503 1427 .1352 21

17 21.4 11.9 1501 1426 1351
20 24.4 11.9 2.87% 47.2 0,188 36.1 17.5 4,9 100.1 6.26% 1498 1423 1348 21

21:3 25.65 11.9 -_ 1498 1423 1348

25 29.4 11.9 2.89% 47.3 0.197 37.8 19.5 5.5 102.5 6.41% 1496 1421 1346 21
30 34.4 11.9 2.91% 47.8 0.207 39.8 20.4 5.8 105.3 8.59% 1493 1418 1344 21
35 39.4 11.9 2.93% 48.2 0.26 415 215 6.1 107.7 6.74% 1491 1416 1342 21
40 44.4 11.9 2.95% 48.5 0.221 42.6 22.5 6.4 109.4 6.84% 1469 1415 1340 21

21 25.4 
. 18 1 1340...

I
149 1423 1348

-~ ~ 0
~. n~ ~
a) .~ C,

C12.Sep.97
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Note; Revision 2 is generated to change start date

far the 6th surveUlarnce inspection from March
1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES.- th TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW I61V 111 inL

c-f

m

TENDON: 61iV1,F INITIAL CONCRETE STRESS (PSI): 967

ORIGINAL FORCES IKIPS):

STRESS SEOUENCE:

SHOP.: 142 FIELD: .,:":y2 1842::
:;;,15 . OF 3 ..

AVERAGE: 1842
TOTAL ELASTIC SHORT. LOSS: 735

AVERAGE ALL VERT TENDONS: . " ,

WIRE FACTOR: '1 0982.

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95%BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP. CR. FORCE m inin FORCE LOSS LOSS

IYR:MOI (LOG) IKIPS) V.00011 (KIPS) (KIPS) (KIPS) IKIPS) (KIPS) (KIPS) (KIPS)
"(A) {B) I (C) (0) I (E) (F) I (G) l (HI I ) 1 (JI (K) W I) (M)I (N-) (0)

1 5.4 37,2 2.57% 42.3 0.098 18.6 6.0 1.7 99.8 6.08% 1542 1465 1388 4

3 7.4 37.2 2.60% 42.7 0.117 22.6 8.5 2.4 104.9 6.39% 1537 1461 1384 4

5 9.4 37.2 2.68% 44.1 0.130 25.4 10.0 2.8 109.5 6,67% 1533 1456 1380 4

10 14.4 37.2 2.76% 45.4 0.157 30.5 13.5 3.8 116.9 7.12% 1525 1449 1373 4

15 19.4 37.2 2.81% 46.2 0.173 33.3 15.5 4.4 121.1 7.38% 1521 1445 1369 4

17 21.4 37.2 1519 1444 1368

20 24.4 37.2 2.87% 47.2 0.188 36.1 17.5 4.9 125.4 7.64% 1517 1441 1365 4

21:3 25.65 37.2 1516 1440 1365

25 294 37,2 2.89% 47.3 0.197 37.8 19.5 5.5 127.8 7.78% 1514 1439 1363 4

30 34.4 37,2 2.91% 47.8 0.207 39.8 20.4 5.8 130,6 7.5% 1512 1436 1361 4
35 39.4 37.2 2.93% 48.2 0.216 41.5 21.5 6.1 133,0 1 8.10% 1509 1434 1358 4
40 44.4 372 2.95% 48.5 0.221 42ý6 22.5 6.4 134.7 8A20% 1508 1432 1357 4

|
21 .25.4 1516 1441 1365 -ý mJ 1

-0 c
m 0.. 

i

..z C3~

(D

-.4
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Note: Revision 2 is generated to change start date
for the 6th surveillance inspection from March
1997 to November 1997.
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SCHEDULED SURVEILLANCE PERIOD (YEARS AFTER SIT. 1 V76)



CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES - 61h TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW (61 V20)

-n

mx

TENDON: 61V20i,,' INITIAL CONCRETE STRESS IPSi: ',::967:.;I;::

ORIGINAL FORCES (KIPS):

STRESS SEOUENCE:

SHOP' 634 FIELD: 1534:"16
29 ': OF ': 3" 1:

AVERAGE: 1634

TOTAL ELASTIC SHORT. LOSS '73S,
AVERAGE ALL VERT TENDONS. ... 144

WIRE FACTOR: , 0 - :962

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTALOSSES PREDICTEOFORCES
INSPECT. YEARS
PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT FORCE SP.CR. FORCE mnWin FORCE LOSS LOSS
IYR:MOI (LOG) (KIPS) (-.Doo 1 (KIPS) _ (KIPS) IKIPS) IPS ( IKIPS) (KIPS) (KIPSI(A) (B) II (C) (D) (E) (F) I(G (H) I'(1) M (' K) Di (L) M) (N) 1 0

1 5.4 4.7 2.57% 42.3 0.096 18.6 6.0 1,7 67.3 4.12% 1567 1489 1410 -21
3 7.4 4.7 2.60% 42.7 0.117 22.6 8.5 2.4 72.4 4.43% 1562 1484 1406 .21

5 9.4 4.7 2.6B% 44.1 0.130 25.4 10.0 2.8 77.0 4.71% 1557 1479 1401 -21

10 14.4 4.7 2.76% 45.4 0.157 30.5 13.5 3.8 84.4 5.16% 1550 1472 1395 .21

15 19.4 4.7 2.81% 46.2 0.173 33.3 15.5 4.4 88.6 5.42% 1546 1468 1391 -21

17 21.4 4.7 1544 1467 1389

20 24.4 4.7 2.67% 47.2 0.188 36.11 17.5 4.9 92.9 5.68% 1541 1464 1387 .21

21:3 25.65 4.7 1541 1464 1387

25 29.4 4.7 2.89% 47.3 0.197 37.8 19.5 5.5 95.3 5.83% 1539 1462 1385 -21

30 34.4 4.7 2.91% 47.8 0.207 39.8 20.4 5.8 98.1 6.00% 1536 1459 1382 21
35 39.4 4.7 2.93% 48.2 0.216 41.5 21.5 6.1 100,5 6.15% 1534 1457 1380 21
.40 44.4 4.7 2.95% 485 0.221 42.6 22.5 6.4 102.2 6.25% 1532 1455 1379 21

i ,,,~ I21 25.4 1541 1464 1387

- r3

0D

(0
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Note: Revision 2 is generated to change start date

for the 6th surveillance inspection from March

1997 to November 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES- 6th TENDON SURVEILLANCE
VERTICAL TENDON LOSSES WORK SHEET

FILE: VERT82.XLW i61V21) I m
x3

TENDON: ':-:ý.61V21,': INITIAL CONCRETE STRESS (PSII : 967

ORIGINAL FORCES (KIPS):
STRESS SECUENCE:

SHOP- 622 FIELD 1622

- 9 OF
AVERAGE! 1622

TOTAL ELASTIC SHORT. LOSS: 73.5

AVERAGE ALL VERT TENDONS: ..1644. ..:

WIRE FACTOR: 1. 00"

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTALLOSSES PREDICTED FORCES
INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING
AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95% BASE 90% BASE FACTOR

SIT PLACEMENT SHORT. PERCENT jFORCE SP. C. FORCE m infin FORCE LOSS LossIYR:MOI {LOGI _ KIPS) *.0001) (KIPS) (KIPS) (KIPS) (KPS) (K[PS1 IKIPS) IKIPS)

(A) J (RI (C) J (D) (E) IF) JI (G) (H) J I (1) (J) I (K) I (L) . IM) (N) I 0)

1 5.4 52.2 2.57% 42.3 0.096 18.6 6.0 1.7 114.8 7.07% 1507 1432 1357 38
3 7.4 52.2 2.60% 42.7 0.117 22.6 8.5 2.4 119.9 7.39% 1502 1427 1352 38
5 9.4 52.2 2.68% 44.1 0.130 25.4 10.0 2.8 124.5 7.67% 1498 1423 1348 38
10 14.4 52.2 2.76% 45.4 0.157 30.5 13.5 3.8 131.9 8.13% 1490 1416 1341 38
15 19.4 52.2 2.81% 46.2 0.173 33.3 15.5 4.4 136.1 8.39% 1486 1412 1338 38
17 21.4 52.2 1484 1410 1338
20 24.4 52.2 2.87% 47.2 0.188 36.1 17.5 4.9 140.4 8.65% 1482 1408 1334 38

21:3 25.65 52.2 1481 1407 1333
25 29.4 52.2 289% 47.3 0.197 37.8 19.5 5.5 142.8 8.80% 1479 1405 1332 38
30 34.4 52.2 2.91% 47.8 0,207 39.8 20.4 5.8 145.8 8.97% 1477 1403 1329 38
35 394 52.2 2.93% 48.2 0.216 41,5 21.5 6.1 148.0 9.12% 1474 1401 1327 38
40 444 52.2 2.95% 48.5 0.221 42.6 22.5 6.4 149.7 9.23% 1473 1399 1325 38

i21 25,4 1481 1407 1333
-0 C7.
3.i CD_..I

0

co

__x
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Note: Revision 2 is generated to change start date
tor the 6th surveillance inspection from March

1997 to Novembet 1997.
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CRYSTAL RIVER 3 TENDON FORCE PREDICTION I NON INTERACTION LOSSES -61h TENDON SURVEILLANCE

VERTICAL TENDON LOSSES WORK SHEET

FILE: VERTR2.XLW $61V22)

-n,

m,

TENDON: 61V22" INITIAL CONCRETE STRESS (PSi: •. 967.'

ORIGINAL FORCES IKIPS):

STRESS SEDUENCE:

SHOP: 1622 FIELD . 1622

26~~~~ 1F:~~:V
AVERAGE: 1622

TOTAL ELASTIC SHORT. LOSS: 735

AVERAGE ALL VERT TENDONS 1644

WIRE FACTOR: ,.B82 ..

NOTE: SHADED VALUES ARE EXTRACTED FROM VERTINP WORK SHEET

INDIVIDUAL LOSSES TOTAL LOSSES PREDICTEO FORCES

INSPECT. YEARS

PERIOD AFTER STRESS CREEP SHRINKAGE TOTAL TOTAL NORMALIZING

AFTER CONCRETE ELASTIC RELAXATION FORCE PERCENT BASE 95%BASE 90% BASE FACTOR
SIT PLACEMENT SHORT_ PERCENT FORCE SPp. C'.I K.FORCE min_ I P FORCE LOSS LOSS

fYR:Mo) PLAOG) (KSPS) (ORT. P) EKRES) NI I RK.PS) FKRPS) FOIPS)SS_ (KIPS)

(A) l _ .___ (C) (0) [ E) "l ( F) [ (0) (HI ) (1) W R' L) (M) (N) (0)

1 5.4 11.6 2.57% 42.3 0.096 18.6 6.0 1.7 74.2 4.58% 1548 1471 1393 -3

3 7.4 11.6 2.60% 42.7 0.117 22.6 8.5 2.4 79.3 4.89% 1543 1466 1389 -3
5 9.4 11.6 2.68% 44.1 0.130 25.4 10.0 2.8 83.9 5.17% 1538 1461 1384 -3

to 14.4 11.6 2.76% 45.4 0.157 30.5 13.5 3.8 91.3 5.63% 1531 1454 1378 .3

15 19.4 11.6 2.81% 46.2 0.173 33.3 15.5 4.4 95.5 5.89% 1527 1450 1374 -3

17 21.4 11.6 1525 1449 1372

20 24.4 11.6 2.87% 47.2 0,188 36.1 17.5 4.9 99.8 6.15% 1522 1446 1370 -3

21:3 25.65 11.6 1522 1446 1370

25 29.4 11.6 2.89% 47.3 0.197 37.8 19.5 5.5 102.2 6.30% 1520 1444 1368 -3

30 34.4 11.6 2.91% 47.8 0.207 39.8 20.4 5.8 105.0 6.47% 1517 1441 1365 -3
35 39.4 11.6 2.93% 48.2 0216 41.5 215 6.1 107.4 6.62% 1515 1439 1363 .3

40 44.4 11,6 2.95% 48.5 0.221 42.6 22.5 8.4 109.1 6.73% 1513 1437 1302 -3
I,

21 25.4 1522 1446 1370 -0 m 7
. cm

C- C' t?

(D

0
-i9,

(0

12.Sep.97
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5 Exhibit 5 page 186 of 191

Florida DESIGN ANALYSIS/CALCULATION
Power Crystal River Unit 3
CORPORATION

Page 158
DOCUMENT IDENTIFICAMON NO. REVISMO

Calculation S-95-0082 1 o

)

)

Column H & I Calculated force values in Kips which represent ram pressure @ 1500 psi. These forces
represent a zero slack starting point for both shop and field ends of each tendon and,
provide a basis for the start of any retensioning effort. The following expression is used to
calculate these values:

0.7 * Tendon Ultimate Strength * 1500 / Predicted Lift-Off Pressure at 0.7 Tendon
Ultimate Strength. See Reference 10 Calculation, page 34.

Calculated force values in Kips which represent forces at 80% ultimate based on the
following expression:

(Actual pressure @ 80% ultimate strength (Columns F or G) * 0.7 Tendon Ultimate
Strength) / Predicted pressure @ 70% Ultimate Strength.

Column J & K

Column L & M Actual elongation data, repeated from columns B and C.

In addition, the following calculations support the ultimate strength values provided on these spreadsheets:

Tendon wire ultimate strength = fw, for wire = 240 ksi
Tendon Ultimate Strength = Fw, = [fMr for wire * Tendon wire area]

= 240 ksi * (0.05985 * 163 wires) 2341.3 Kips

0.7 * Fu = 0.7 '2341.3 = 1638.9 Kips
0.8 * Fwt = 0.8 *2341.3 = 1873 Kips

RE1r Lft of Plant RESIP Nuclear Erginwitng



FM 6.5 Exhibit 5 page 187 of 191

FLORIDA POWER CORPORATION - CRYSTAL RIVER UNIT 3
REACTOR BUILDING PRESTRESSING SYSTEM
6th TENDON SURVEILLANCE

CALCULATIONS SUPPORTING SP-182 "ORIGINAL STRESSING DATA" FOR THE DOME TENDONS GROUP

DOC ID:S-95-0082
REVISION 3

PAGE 159

i 183 ! Kipsi..!iili i• K ips
0.7 Tendon Ultimate Strength =
0.8 Tendon Ultimate Strength =

I ~File: DOMER3.XLW

Actual Predlcted Lift-Off 80% Ultimate For SP-182 "Original Stressing Data"
Tendon Elongation (In.) Pressure (psi) Pressure (psi) Row I (Kips) 1 Row 2 (Kips) Row 3 (I1.)

1d Shop Field Shop ] Field Shop [ Field Shop Flield Shop Field [ Shop Field
-'T (tB) I (C) 1 (D) "(E) . (F) (G) [ 11) (. 1)• () [ (K) [ (L) ( (M)
Dill 5 5 6810 6810 7780 7780 361 361 1872 1872 5 5'
D112 4-3/4 5 6800 6840 7770 7790 362 359 1873 1867 4-3/4 5
-DI13 4-7/8 4-3/4 6800 6840 7770 7790 362 359 1873 1867 4-7/8 4-3/4
0T114 5-1/8 4-5/8 6800 6840 7770 7790 362 359 1873 1867 5-1/8 4-5/8
D115 5 5 6840 6800 7790 7770 359 362 1867 1873 5 5
Dt16 4-3/4 5-1/8 6760 6800 7720 7750 364 362 1872 1868 4-3/4 5-1/8
D130 5 5 6870 6810 7810 7780 358 361 1863 1872 5 5
D131 4-1/2 4-7/8 6710 6740 7660 7700 366 365 1871 1872 4-1/2 4-7/8
D132 4-8/2 4-7/8 6760 6800 7720 7750 364 362 1872 1868 4-1/2 4-7/8
D211 5-1/4 5-1/2 6810 6870 7780 7810 361 358 1872 1863 5-1/4 5-1/2
D212 4-5/8 4-718 6770 6770 7730 7720 363 363 1871 1869 4-5/8 4-7/8
D213 4-3/4 4-3/4 6840 6800 7790 7770 359 362 1867 1873 4-3/4 4-3/4
D214 4-3/4 4-7/8 6670 6740 7600 7680 369 365 1868 1868 4-3/4 4-7/8
D215 4-1/2 5-1/8 680D 6870 7800 7810 362 358 1880 1863 4-1/2 5-1/8
D216 5 5 6800 6810 7770 7780 362 361 1873 1872 5 5
D302 3-5/8 3-7/8 6530 6510 7450 7430 376 378 1870 1871 3-5/8 3-7/8
0303 4-1/4 3-3/4 6760 6770 7720 7730 364 363 1872 1871 4-114 3-3/4
D304 4-1/8 4 6840 6800 7790 7770 359 362 1867 1873 4-1/8 4

-- 0305 4-1/8 4-3116 6700 6680 7630 7620 367 368 1867 1870 4-1/8 4-3/16
05306 4-3/4 4-3/4 6810 6810 7780 7780 361 361 1872 1872 4-3/4 4-3/4
D310 5 4-1/2 6770 6770 7720 7730 363 363 1869 1871 5 4-112

-- 05311 4-11/16 4-5/8 6800 6840 7770 7790 362 359 1873 1867 4-11/16 4-5/8
D312 4-7/8 4-7/8 684W) 6800 7790 7770 359 362 1867 1873 4-7/8 4-7/8

IR3

Notes -
See the same calculations completed for the vertical group for notes and explanation of data & expressions used in Columns A through M.

28-Jan-98
3:54 PM
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FLORIDA POWER CORPORATION - CRYSTAL RIVER UNIT 3
REACTOR BUILDING PRESTRESSING SYSTEM
6th TENDON SURVEILLANCE

page 188 of 191

DOC ID:S-95-0082
REVISION 3
PAGE 160

CALCULATIONS SUPPORTING SP-182 "ORIGINAL STRESSING DATA" FOR THE HOOP TENDONS GROUP

0.7 Tendon Ultimate Strength =
0.8 Tendon Ultimate Strength =

1639 Kips
1873 Kips --

File: HOOPR3.XLW

Actual Predicted Lift-Off 80% Ultimate For SP-182 "Original Stressing Data"
Tendon Elongation (In.) Pressure (psi) Pressure (psi) Row I (Kips) Row 2 (Kips) Row 3 (In.)

ID Shop Field o eShop Fhop ' Field Shop [ Field J Shop"( Field 1 Shop I Field
(A)']I (B) I (C) 1 (D) I1CE) [(F) G) [() J (I) (J) I (K) 1 (L) 1 (M)

42H17 5-5/8 4-5/8 6870 6810 7810 7780 358 361 1863 1872 5-5/8 4-5/8
42H18 5 5-3/8 6840 6799 7810 7750 359 362 1871 1868 5 5-3/8
42HI9 5-1/4 5 6870 6810 7810 7780 358 361 1863 1872 5-1/4 5
42H29 5-1/2 5-1/8 6870 6810 7810 7780 358 361 1863 1872 5-1/2 5-1/8
42H30 4-7/8 5-3/4 6870 6790 7810 7750 358 362 1863 1871 4-7/8 5-3/4
42H31 5-1/4 4-7/8 6870 6810 7810 7780 358 361 1863 1872 5-1/4 4-7/8
42H32 5-1/4 5-1/8 6870 6790 7810 7750 358 362 1863 1871 5-1/4 5-1/8
42H33 5-3/8 5-1/4 6870 6810 7810 7780 358 361 1863 1872 5-3/8 5-1/4
42H34 5-1/2 5-348 6750 6660 7680 7600 364 369 1865 1870 5-1/2 5-3/8
42H35 5 5-1/4 6830 6770 7760 7720 360 363 1862 1869 5 5-1/4
42H36 5-1/8 5-1/8 6870 6790 7810 7750 358 362 1863 1871 5-1/8 5-1/8
42H37 5-5/16 4-7/8 6870 6810 7810 7780 358 361 1863 1872 5-5/16 4-7/8
42H43 5-1/2 5-1/8 6870 6810 7810 17780 358 361 1863 1872 5-1/2 5-118
42H44 5-1/8 5 6790 6840 7750 7790 362 359 1871 1867 5-1/8 5
42H45 5-7/16 5 6870 6810 7810 7780 358 361 1863 1872 5-7/16 5
46H20 5-1/4 5-1/8 6640 6600 7700 7610 370 373 1901 1890 5-1/4 5-1/8
46H21 5-1/8 5-1/4 6720 6730 7700 7640 366 365 1878 1861 5-1/8 5-1/4
46H22 5-5/8 5-1/4 6720 6730 7700 7640 366 365 1878 1861 5-5/8 5-1/4
511125 5 5-1/8 6770 6800 7720 7750 363 362 1869 1868 5 5-1/8
51H26 5-1/2 5-1/4 6760 6760 7750 7700 364 364 1879 1867 5-1/2 5-1/4
51H27 5-1/8 4-7/8 6740 6670 7680 7600 365 369 1868 1868 5-1/8 4-718
51H28 5-1/8 5 6760 6750 7750 7700 364 364 1879 1870 5-1/8 5
51H29 5-1/2 4-3/4 6810 6750 7780 7700 361 364 1872 1870 5-1/2 4-3/4
53111 5-3/4 5-1/8 6700 6760 7650 7720 367 364 1871 1872 5-3/4 5.118
53H2 5-3/4 4-5/8 6800 7770 7760 7720 362 316 1870 1628 5-3/4 4-5/8
53143 5-3/8 4-1/8 6670 6710 7600 7660 369 366 1868 1871 5-3/8 4-1/8

53H45 5-1/4 5-1/4 6840 6800 7790 7770 359 362 1867 1873 5-1/4 5-1/4
53H46 4-7/8 5-3/8 6760 6730 7750 7660 364 365 1879 1865 4-7/8 5-3/8
53H47 4-3/4 5-1/2 6840 6800 7790 7770 359 362 1867 1873 4-3/4 5-1/2
62H21 5-1/8 4-3/4 6760 6700 7720 7650 364 367 1872 1871 5-1/8 4-3/4
62H22 5-5/16 5 6800 6750 7770 7700 362 364 1873 1870 5-5116 5
62H23 5-1/8 5-1/4 6800 6750 7770 7700 362 364 1873 1870 5-1/8 5-1/4

62H39 5-7/16 5-1/4 6800 ,6750 7770 7700 362 364 1873 1870 5-7/16 5-1/4
62H40 5-3/8 4-718 6800 6750 7770 7700 362 364 1873 1870 5-3/8 4-7/8
621141 5-1/4 5 6800 6750 7770 7700 362 364 1873 1870 5-114 5
621442 5-3/8 5-1/16 6800 6750 7770 7700 362 364 1873 1870 5-3/8 5-1/16

62H43 5-3/8 4-7/8 6710 6670 7660 7600 366 369 1871 1868 5-3/8 4-7/8

62H44 5-1/2 4-7/8 6800 6750 7770 7700 362 364 1873 1870 5-1/2 4.7/8
62H45 5-3/16 5-1/8 6760 6700 7770 7700 364 367 1884 1884 5-3/16 5-1/8
62H46 5-1/8 5-3/8 6800 6750 7770 7700 362 364 1873 1870 5-1/8 5-3/8
62H147 5-5/8 4-1/2 6680 6640 7620 7550 368 370 1870 1864 5-5/8 4-1/2

1&i

Notes -

S € the sane calculations comnpletd for the vertical group for notes and explanation of data & cxpressions used in Columns A through St. 28-Jan-98
3:24 PM
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FLORIDA POWER CORPORATION - CRYSTAL RIVER UNIT 3
REACTOR BUILDING PRESTRESSING SYSTEM
6th TENDON SURVEILLANCE

DOC IJ:S85.0082
REVIS ION 2
PAGE 161

CALCULATIONS SUPPORTING SP-182 "ORIGINAL STRESSING DATA" FOR THE VERTICAL TENDONS GROUP

0.7 Tendon Ultimate Strength j7:6391Kips
0.8 Tendon Ultimate Strength K1873 iKps

File: VERTR2.XLW

Actual Predicted Lift-Of 80% Ultimate For SP-182 "Original Stressing Data"
Tendon Elongation (In.) Pressure (psi) Pressure (psi) Row I (Kipsi Row 2 (Kips) Row 3 (In.)

ID p L Field Shop J Field Shop [ Field Shop [ "ield
(A I B) ( C) (D I (,E)I (F (G) (11._ ( ) (J (K (L) 014

23V24 12-7/8 N/A 6870 N/A 7810 N/A L 358 - N/A j 1863 N/A 12-7/8 N/A

12V 1 12-1/2 N/A 6800 N/A 7770 N/A 362 N/A 1873 N/A 12-1/2 N/A

12V2 12-1/2 N/A 6800 N/A 7770 N/A 362 N/A 1873 NIA 12-1/2 N/A

23V1 12-1/4 N/A 6800 N/A 7770 N/A 362 N/A 1S73 NIA 12-1/4 N/A

23\'2 13-1/8 N/A 6870 NIA 7810 N/A 358 N/A "1863 N/A 13-118 N/A

23V3 13 N/A 6760 NIA 7750 N/A 364 N/A 1879 N/At 13 N/A

34V5 12-5/8 N/A 6800 N/A 7770 N/A 362 N/A 1873 N/A 12-5/8 N/A

34V6 13 N/A 6810 N/A 7780 N/A 361 . N/A 1872 NIA I1 NIA.

34V7 12-3/4 N/A 6870 N/A 7810 N/A 358 N/A 1863 N/A 12-3/4 N/A

61V9 12-5116 N/A 6860 N/A 7840 N/A 358 NIA 1873 NIA 12-5/16 NIA

61\V10 12-3/4 N/A 6870 NI/A 7810 N/A 358 N/A 1863 N/A 12-3/4 N/A

61VI 1 12-5/8 N/A 6710 N/A 7660 NIA I 366 NIA 1871 N/A j 12-5/8 N/A
(uIV20 12-1/2 N/A 6S70 N/A 7810 N/A 358 N/A 1863 N/A 12-1/2 N/A

61V21 12-1/8 N/A 6S70 N/A 7810 N/A 358 N/A 1S63 N/A 12-1/8 N/A

61V22 12-7/8 NIA 6870 N/A 7810 N/A 1 358 N/A 1863 N/A 12-7/S NIA

I

If

Notes -

Columns A through G are data input extracted from the tendon history books (applicable sheets contained in Attachment B).

Columns H through 1M are calculated using the expressions noted below.

Column Tendons within the scope of this surveillance.

Col.B&C Actual elongation data taken from tendon history sheets for shop and field ends respectively.

For the venical tendons, only the shop end applies.

Col.D&E Predicted Liftoff Pressures taken from tendon history sheets for shop and field ends respectively.

Col.F&G S0f% Ultimate pressures taken from tendon history sheets for shop and field ends respectively.

Col.H&I Columns H & I - Calculated force values in Kips for "Original Stressing Data" Row 1 which represent ram pressure g: 1500 psi.

These forces represent a zero slack starting point for both shop and field ends of each tendon and provide a basis for retensioning efforts.

The following expression is used to calculate the values for Row I data:

0.7 I Tendon Ultimate Strength * 1500 / Predicted Lift off Pressure at 0.7 tendon Ultimate Strength.

ic. for 23V24: 1639 * 1500 / 6870 = 358

Col.J&K Calculated force values in Kips for Original Stress Data" Row 2 data which represent forces at 80,/ Ultimate based on the following expression:

Actual pressure @ S0G Ultimate Strength (Cois. F or G) * 0.7 Ultimate Strength I Predicted pressure @ 70% U1t. from Cols. D or E.

iv. Ihr 23"'24: 7810 1639/6870 = 1863

Col.L& Actual elonration values repeated from Columns B & C for Row 3 of "Original Stressing Data".

12-Sep-97

9A49 AM
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Florida DESIGN ANALYSISICALCULATION
Power Crystal River Unit 3
CORPORATION Pg 6Page 162

DOCUMENT IDENTIFICATION NO. C REVISIONCalculation S-95-0082 2

7.0 CONCLUSIONS

Tendon Force/Time Curves have been generated from the results of this calculation. Final force curves
are presented and attached in Section 6.0 of this calculation.

Force curves for the three control tendons were also generated by this calculation and were used for
comparison and verification of data and spread sheets with the same curves generated previously for the
same tendons. The comparison was completed and the data sheets and force curves were found to be the
same as that previously generated.

Other calculations supporting the "Original Stressing Data" and "Data Sheets" in SP-182 were completed I
and are presented in Section 6.6 of this calculation.

8.0 REFERENCES

The following references are used in the preparation of this calculation:

1. G/C Letter to FPC, FCS-14594, Scope Document, November 24, 1995, for Preparation of Tendon
Force Curves for the 6th Surveillance and site trip to CR3.

2. G/C Letter to FPC, FCS-12439, August 13, 1991, Tendon Selection and Recommendations for the
Fifth Surveillance.

3. Reg. Guide 1.35, Revision 3

4. Reg. Guide 1.35.1, Revision 0

5. CR3 FSAR, Section 5.2

6. Technical Specification, Section 3.6.1.6 & Section 4.6.1.6.

7. Design Input for the 5th Surveillance, DI-55220-152.0 SE, Revision 2.

8. G/C Calculation of Force curves for the 5th Surveillance for SP- 182, Revision 11.

9. Design Input 5500-528-1, Revision to SP-182 Procedure for Tendons and Calculations for Force-
Time Curves for Surveillance 4, Revisions 0 and 1, Jan.87 and Sept.87.

10. G/C Calculation 5500-528-1, Tendon Loss Calculations for Surveillance 4, Revisions 0 and 1, Jan.87
and Sept. 87.

11. G/C Calculation 04-4762-099, Tendon Loss Calculations and Appendices for CR3 Tendons, J.Fulton
and G.T.DeMoss, 3/6/87 and 1980 calculations.

12. Dome Tendon History Sheets updated to the 5th surveillance.

13. Hoop Tendon History Sheets updated to the 5th surveillance.

RET: Life of Plant RESP: N I , E i r inuc ea ng nee



ExhFlorida DESIGN ANALYSISlCALCULAfNI• 91 of 191
Power Crystal River Unit 3
CORKORATMO

Page 163
XOCUMErr=o*NrCAfM NO. REVMON

Calculation S-95-0062 0o

14. Vertical Tendon History Sheets updated to the 5th surveillance.

15. Effective Wire Summary information, letter to FPC

16. Prescon Vendor Drawings

17. SP-182, Rev 11.

18. Surveillance Report for the Fifth Inspection Period, VSL.

19. Engineering Report for the Fifth Tendon Surveillance, G/C Letter to FPC, FCS 14401, 6/20/94.

)
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January 29, 1992
3F0192-16

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

Subject: Reactor Containment Building Integrated Leak Rate Test Report

Dear Sir:

Attached please find the Reactor Containment Building Integrated Leak Rate Test
2 Report for Crystal River Unit 3. This report is submitted in accordance with

10 CFR 50, Appendix J. The Integrated Leak Rate Test (ILRT) was successfully
completed on November 7, 1991. Conforming to the Appendix J requirements, this
report contains types A, B and C data summaries including results from the type A
test performed in November 1991 and the results of type B and C tests which were
performed since the ILRT conducted in November 1987. Also. included is the analysis
and interpretation of the November 1991 ILRT and the results and analysis of the
supplemental verification test which demonstrated the validity of the leakage rate
test measurements. obtained. Other details are provided for clarity and completeness.

Sincerely,

P.M. d,Jr
Senior Vice President
Nuclear Operations

PMB:LVC
Attachment

xc: Regional Administrator, Region II
NRR Project Manager
Senior Resident Inspector

A Florida Progress Company
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I. MITRODUCTION

The Reactor Building Integrated Leakage Rate 'Type A" Test is performed to

demonstrate that leakage through the primary reactor containment systems and

components penetrating primary reactor containment do not exceed the allowable

leakage rates specified in the Plant Technical Specifications.

The purpose of this report is to provide information pertinent to the activities related

to the preparation, test performance, and reporting of the Crystal River Unit 3

Nuclear Power Plant Integrated Leakage Rate Test (ILRT).

Highlights of activities and events which occurred prior to and during the ILRT are

presented in Section II, Test Synopsis.

Section III, Test Data Summary, contains data and results necessary to demonstrate

containment atmosphere stabilization, acceptable leakage rate, and successful

verification test. In addition, plots provided in Appendices B and C supply a visual

history of containment atmospheric conditions beginning with the 24 hour ILRT test

period and ending with the verification test.

Information in Section IV, Analysis and Interpretation, supplies the technical details

associated with the ILRT computer program and its associated hardware as well as

the instrumentation used during the ILRT.

Section V, References, lists the documents used for the conduct of the ILRT.

The successful periodic Type A and verification test were performed according to the

requirements of the Crystal River Unit 3 Technical Specifications and 1OCFRS0,

Appendix J. The test method used was the Absolute Method, as described in

ANSI/ANS 56.8-1987, "Containment System Leakage Testing Requirements".

1



Leakage rates were calculated using the mass point analysis technique described in

ANSI/ANS 56.8-1987. Total Time Analysis equations from ANSI N45.4-1972,

"Leakage-Rate Testing of Containment Structures for Nuclear Reactors" were run

concurrently for informational purposes. The test results are reported in accordance

with the requirements of 10CFR50, Appendix J, Section V.B.3.

2



I.. TEST SYNOPSIS

Prior to containment pressurization on November 4, 1991, site personnel were

engaged in prerequisite activities for the conduct of the ILRT. The ILRT was

conducted at the end of the 8M midcycle outage. The following discussion highlights

some of the activities that were essential to the successful and timely completion of

the ILRT. These items are presented in chronological order.

A. Pre-pressurization Activities

These activities included: local leakage rate testing of penetrations which

Were to be isolated during the ILRT, "as found" and "as left" local leakage rate

testing of penetrations which were scheduled for maintenance prior to the

ILRT, ILRT procedure review and finalization, ILRT computer program

check out and linkup to the Fluke 2285B Data Acquisition System, ILRT

instrumentation installation and operability checks, and containment

subvolume weighting factor and sensor failure analysis calculation.

The ILRT test procedure was reviewed against the requirements of the Plant

Technical Specifications; 1OCFR50, Appendix J; and ANSI/ANS 56.8-1987.

The ILRT instrumentation was calibrated prior to the ILRT as recommended

by ANSI N45.4-1972, Sections 6.2 and 6.3. Final ILRT instrumentation

operability checks and in-situ checks,4as specified in ANSI/ANS 56.8-1987,

Section 4.2.3.1, were performed to ensure that all instrumentation was

operating correctly. Calibration records for the ILRT instrumentation system

components are retained at the plant.
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B. Test Summary Time-Line

Time Frame

Pressurization From: 22:50 on 11/04/91 24.83 hours
To: 23:40 on 11/05/91

Stabilization From: 23:45 on 11/05/91 5.75 hours
To: 05:30 on 11/06/91

ILRT Test From: 05:30 on 11/06/91 24.00 hours
To: 05:30 on 11/07/91

Verification Test From: 05:30 on 11/07/91 4.25 hours
To: 09:45 on 11/07/91

C. Containment Pressurization

Containment pressurization started at 22:50 on November 4, 1991 using six

1500 cfm diesel-driven 100% oil-free air compressors. The pressurization rate

was maintained at approximately 3.6 psi per hour until containment pressure

reached 48 psig. At this time, the pressurization rate was gradually reduced

by reducing the number of operating compressors and increasing backpressure

with LRV-24. All compressors were stopped when the containment pressure

reached 54.5 psig. at 23:40 on November 5, 1991. This was within the

procedural limits of 53.9 + 1,-0psig.

During pressurization an external containment walkdown was performed to

identify potential leakage. During the walkdown a pressure buildup

approximating building pressure was noted on the personnel airlock seals.

-Pressurization was stopped -at; 7 psig and the seals were inspect.. -The door

seals were found to be in good condition and pressurization was resumed. No

measurable leakage was observed from any other penetration in the test

lineup. Pressurization was conducted with the use of the reactor building

recirculation fans in slow speed. The fans were stopped at a pressure of 48.7

psig and were not used during the ILRT or verification test. Very little

temperature stratification was observed.

4



D. Containment Atmospheric Stabilization

The stabilization phase was started at 23:45 on November 5, 1991. By 03:45

on November 6, 1991, the temperature stabilization criteria of ANSI/ANS

56.8-1987 had been met. The containment was declared stable at 05:30 of

November 6, 1991 and the ILRT test period was begun.

E. ILRT Test Period

The ILRT was officially started after the 05:15 data point with the next data

point at 05:30 on November 6, 1991 and was successfully completed at 05:30

on November 7, 1991. The maximum allowable leakage rate (W for the

containment is 0.25 % wt. per day with a test acceptance limit of 0.1875 % wt.

per day (0.75 Li). The Total Time and Mass Point Analyses were run

concurrently on the General Physics ILRT Computer Program. The leakage

rate results are as follows:

Total Time Mass Point
Analysis Analysis
% wt./day % wt./day

Calculated Leakage Rate 0.0871 * 0.0962 *

95 % Upper Confidence 0.0958 * 0.0968 *

Leakage rate
* Does not include penalties for nonstandard alignments and water level

changes

F. Verification Test

A successful verification test was conducted following the ILRT. At 05:30 on

November 7, 1991, a leakage rate of 15.15 scfm leakage imposed on the

primary containment. The 15.15 scfm leakage imposed (L.) on the existing

containment leakage was slightly less than L. (.25 % wt./day) at 0.2383 % wt.

per day. The verification phase was completed at 09:45 of the same day.
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As a twenty four hour test was performed, the mass point verification test

results are presented below:

Mass Point
Analysis
%w.!dad

Leakage Rate (L.m) 0.0962

Imposed Leak (Lo) 0.2383

Lower Limit:
Lb + Lm -0.25 L. 02720

Composite Leakage (L) 0.2810

Upper Limit:
Lb + L. + 0.25 L, 03970

G. Local Leakage Rate Testing

Prior to the start of the ILRT, "as found" local leakage rate testing (LLRT) was

performed as required by 10CFR50, Appendix J. Results from this testing were

required for those penetrations not exposed to the ILRT pressure to complete the

analysis of the "as found" ILRT results. The "as found" local leakage rate testing was

completed on October 26, 1991.

6



III. TEST DATA SUMMARY

A. Plant Information

Owner

Plant

Location

Docket No.

Containment Type.

Florida Power Corporation

Crystal River Unit 3 Nuclear Power Plant

Approx. 5 miles north of Crystal River, FL

50-302

Reinforced concrete structure composed
of cylindrical walls (pretressed with a
post-testing tendon system in the vertical
and horizontal directions), with a flat
foundation mat (conventional reip•orcing)
and a shallow dome roof (prestressed
utilizing a three-way post tensioning
tendon system). The inside surface is
lined with a carbon steel liner.

NSSS Supplier, Type

Date Test Completed

Babcock & Wilcox PWR

November 7, 1991.

B. Technical Data

Containment Net Free Volume

Design Pressure

Design Temperature

Calculated Peak Accident
Pressure

Calculated Peak Accident
Temperature

C. Test Results - Type A

2,000,O00cubic feet,

55 psig

2810 F

53.9 psig

278a F

Test Method

Test Pressure

Absolute

54.5 psig

7



Integrated Leakage Rate Total Time Analysis Test Results (Presented for
information only):

Calculated Leakage Rate, L, 0.0871 % wt./day

95 % Upper Confidence Limit
Leakage Rate 0.0958 % wt./day

Integrated Leakage Rate Mass Point Analysis Test Results:

Calculated Leakage Rate, L. 0.0962 % wt./day

95 % Upper Confidence Limit
Leakage Rate 0.0986 % wt./day

Maximum Allowable Leakage Rate, L8  0.25 % wt./day

ILRT Acceptance Criteria, 0.75 L, 0.1875 % wt./day

Verification Test Imposed Leakage
Rate, L. 15.15 scfm or 0.2383 %

wt./day

Verification Test Mass Point Analysis Results and Limits:

Upper Limit 0.3970 % wt./day
(L. + . + 0.25 L.)

Calculated Composite 0.2810 % wt./day
Leakage Rate, L,

Lower Limit 0.2720 % wt./day
(L +L - 0.25L,)

Report Printouts

The report printouts of the ILRT and verification test calculations for
the Total Time and Mass Point Analyses are provided in Appendices
B and C. Stabilization data is provided in Appendix A.

D. Test Results - Type B and C Tests

A summary of local leakage rate test results since the ILRT in November
1987 are included in Appendix F.

8



E. Integrated Leakage Rate Measurement System

1. Absolute Pressure

Quantity 2

Manufacturer Paroscientific:

Type

Range

Accuracy

Sensitivity

Repeatability

Resolution

DigiQuartz Model 740

0 - 100 psia

± 0.01 % F.S.

± 0.005 psia

± 0.005 psia

± 0.0001 psia

2. Drybulb Temperature

Quantity

Manufacturer

Type

Range, calibrated

Accuracy

Sensitivity

3. Water Vapor Pressure.

Quantity

Manufacturer

Type

24

Rosemount

78N01N00N120 100 ohm platinum
resistance temperature detectors
(RTD)

75- 125 0F

± 0.5°F

± 0.01 0 F

10

Phys-Chem Scientific

Humitemp-5 Precision Relative
Humidity-Temperature Monitor,
Model 2150 with PCRC-11 HPB probes

9



Range

Accuracy

Sensitivity

4. Verification Flow

Quantity

Manufacturer

Type

Range

Accuracy

5. Readout Device

Quantity

Manufacturer

Type

Repeatability

Drybulb Temp

Dewpoint Temp

Resolution

0- 100% RH

± 1.80 F (Dewpoint Temperature)

± 0.1 0 F (Dewpoint Temperature)

2

Brooks

Model 1110-"8 Rotometer

.76-7.6scfm @ 14.7 psig and 700 F

+ 2% F.S.

1

Fluke

Model 2285B

± 0.0540 F

± 0.040 F

10.01 OF

10



The instrumentation Selection Guide (ISG) value from ANSI/ANS 56.8-1987 based

on a 24 hour test and the above ILRT instrumentation configuration is 0.0108 %

wt./day (Refer to Appendix D for calculations). The sensor locations and volume

fractions as installed for the ILRT are shown in Appendix G.

G. Information Retained at Plant

The following information is available for review at Crystal River Unit 3

Nuclear Power Plant site:

1. A listing of all containment penetrations including the total number,

size, and function.

2. A listing of normal operating instrumentation used for the leakage test.

3. A system lineup (at time of test) showing required valve positions and

status of piping systems.

4. A continuous, sequential log of events from the initial survey of

containment to restoration of tested systems.

5. Documentation of instrumentation calibrations and standards, including

a sensor failure analysis..

6. Data to verify temperature stabilization criteria as established by test

procedure (Appendix A).

7. The working copy of the test procedure that includes signature sign-offs

of procedural steps.

8. The procedure and data that verifies completion of penetration and

valve testing including as-found leak rates, corrective action, and final

leak rates.

9. Computer printouts of ILRT data and automated data acquisition

printouts along with a summary description of the computer program.

10. A review of confidence limits of test results with accompanying

computer printouts.

11



11.

12.

13.

Description of the method of leakage rate verification.

ILRT data plots obtained during the test.

The P&IDs of pertinent systems.

12



IV. ANALYSIS AND INTERPRETATION

The upper 95% confidence limit (UCL) Total Time and Mass Point leakage rates

calculated during the ILRT were less than the test acceptance criteria of 0.75 L.

(0.1875% wt/day). Additions to the calculated leakage rates must be made to

account for penetration paths not exposed to the ILRT pressure and for changes in

the net free containment volume due to changes to containment water levels.. These

additions are discussed below.

A. Type C Penalties

Penetration paths not exposed to the ILRT pressure and the corresponding

minimum pathway leakage rates are as follows:

Pen, No. System Leakage Rate (sccm)

116

122

202

314

316

318

320

427

428

RB Leak Rate

RB Leak Rate

RB Leak Rate

Main Steam

Main Steam

Main Steam

Main Steam

Main Steam

Main Steam

41

15

69.6

420

1030

20

20

605

1255

The total applicable local leakage rate Type C penalty addition is 3,475.6sccm which

is equivalent to 0.0019% wt. per day.
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B. Volume Change Corrections

The following volumes were monitored for liquid level changes which would

affect the containment net free volume:

LevlChangc Volume Cho=

Pressurizer

Reactor Building Sump

-10 inches

+ 3 inches

+30.8 cu. ft.

-9.48 cu. ft.

Conservatively, level decreases can be disregarded since their effect is already

included in the measured leakage rate. The increase in reactor building sump

resulted in a decrease of 9.48 cubic feet in the containment net free volume.

This is equivalent to a leakage rate of 0.0005 % wt. per day.

C. As Left ILRT Results

The as left ILRT leakage rate including the required additions is as follows:

95 % UCL Leakage Rate

Type C Penalties

Volume Change

As Left 95 % UCL
Leakage Rate

Total TimeAnalysis
(% wt./dav)

0.0958

0.0019

0.0005

0.0982

Mass Point
Analysis
(% y.!dav)

0.0986

0.0019

0.0005

.0.1010

The as left Total Time and Mass Point 95 % UCL leakage rates are less than

the maximum allowable leakage rate value stated in the technical

specifications of 0.75 L4 (0.1875 % wt./day).
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D. As Found ILRT Results

Repairs or adjustments were made to the following penetrations which would

require correction to the as left ILRT result.

LeakagePenetration Savng(so1

113 595

439 105.7

The total leakage savings is 700.7 sccm based on minimum pathway analysis.

This is equivalent to 0.0004 % wt. per day. The as found ILRT leakage is

determined as follows:

Total Time Mass Point
(An dalysisAnalysis(% wt/day)(% wt.!day)

As Left 95. % UCL

Leakage Rate 0.0982 0.1010

Leakage Savings 0.0004 0.0004

As Found 95 % UCL
Leakage Rate 0.0986 0.1014
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APPENDIX A

STABILIZATION PHASE DATA



•.TABLIZATION MODE
OPTIONS

Timl : voiz
MODE SUMMARY

2
3
4
5
6
7
8
9

P
0

MANUAL DATA ENTRY
PARAMATER GRAPHS
SENSOR PLOTS
SENSOR DIFFERENTIALS
ANSI STABILIZATION CRITERIA
BN-TOP-l STAB.CRITERIA
ANSI CRITERIA PRINTOUT
BN-TOP-1 CRITERIA PRINTOUT
REPRINT CURRENT DATA POINT
PASS WORD MENU
FLASH OFF

# OF DATA POINTS
MODE DURATION (IN HRS)
TOT TIME MEASURED LEAK

TOT TIME CALCULATED LEAK
TOT TIME 95% UCL

MASS PT LEAK
MASS PT 95% UCL

23
5.5

0.2696
0.1632
0.5072
0.2415
0.2551

ANSI TEMPERATURE STABLIZATION CRITERIA MET
BN-TOP TEMPERATURE STABLIZATION CRITERIA MET

POINT SUMMARY: CURRENT VALUE/DIFFERENCE FROM PREVIOUS POINT

AVG TEMP:
MASS:

78.610/-0.029
688156.50/ -10.000

AVG PRESS:
AVG DEW PRESS:
TOTAL PRESS:

68.618/ -0.005
0.4208/-0.0013
69.039/ -0.006



LEAK RATE ANALYSIS UNIT # 3

TOTAL TIME MASS POINT

DATE TIME MEASURED CALCULATED UCL CALC. L95

309 0.00 0.0000 0.0000 0.0000 0.0000 0.0000
310 0.25 1.2029 0.0000 0.0000 0.0000 0.0000
310 0.50 0.7145 0.7145 0.0000 0.7157 3.1300
310 0.75 0.5437 0.4908 1.7472 0.5124 1.0186
310 1.00 0.4529 0.3654 1.0963 0.4060 0.6812
310 1.25 0.4143 0.2979 0.9158 0.3532 0.5281
310 1.50 0.4468 0.2884 0.8933 0.3625 0.4799
310 1.75 0.3699 0.2532 0.7948 0.3286 0.4213
310 2.00 0.3604 0.2319 0.7374 0.3098 0.3826
310 2.25 0.3403 0.2140 0.6911 0.2937 0.3533
310 2.50 0.3785 0.2177 0.6873 0.3046 0.3538
310 2.75 0.3194 0.2039 0.6508 0.2886 0.3325
310 3.00 0.3181 0.1953 0.6256 0.2798 0.3178

310 3.25 0.3186 0.1905 0.6082 0.2751 0.3077
310 3.50. 0.2990 0.1831 0.5876 0.2664 0.2959
310 3.75 0.2963 0.1778 0.5715 0.2608 0.2871
310 4.00 0.2941 0.1741 0.5586 0.2563 0.2797
310 4.25 0.3017 0.1737 0.5513 0.2564 0.2772
310 4.50 0.2895 0.1715 0.5416 0.2534 0.2721
310 4.75 0.2837 0.1693 0.5322 0.2507 0.2677
310 5.00 0.2789 0.1671 0.5234 0.2475 0.2631
310 5.25 0.2758 0.1653 0.5153 0.2446 0.2591
310 5.50 0.2696 0.1632 0.5072 0.2415 0.2551



AVG. DATA VALUES UNiTal a

DATE

309
310
310
310
310
310
310
310
310
310
310
310
310
310
310
310
310
310
310
310
310
310
310

TIME

0.00
0.25
0.50
0.75,1.00

1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50

T(I) P(I) DT(I) VP(I) MASS(I)

80.498
80.245
80.030
79.858
79.719
79.601
79.502
79.401
79.320
79.241
79.174
79.102
79.046
78.997
78.937
78.889
78.847
78.801
78.758
78.716
78.680
78.640
78.610

68.901
68.860
68. 831
68.808
68.789
68.772
68.755
68.743
68.730
68.719
68.705
68.698
68.689
68.680
68.672
68.664
68.657
68.648
68.642
68.635
68.629
68.623
68.618

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0000.000

0.425
0.424
0.423
0.423
0.423
0.423
0.425
0.424
0.424
0.423
0.426
0.423
0.423
0.423
0.422
0.422
0.421
0.423
0.422
0.422
0.422
0.422
0. 421

68.8582.00
688495.69
688479.50
688465.00
688452.00
688433.38
688389.69
688396.31
688375.19
688362.31
688310.50
688329.88
688308.13
688284.88
688281.69
688263.13
688244.38
688214.00
688208.19
688195.38
688181.88
688166.50
688156.50
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TIME TEMP BN BN
dT dT2

5.50 78.6103 -0.1634 0.0606
5.25 78.6396 -0.1785 0.0183

.-. 5.00 78.6803 -0.1831 0.0399
4.75 78.7162 -0.1931 0.0600
4.50 78.7579 -0.2081 0.0492
4.25 78.8005 -0.2204 0.0643
4.00 78.8474 -0.2365 0.0781
3.75 78.8893 -0.2560 0.1061
3.50 78.9370 -0.2825 0.0791
3.25 78.9966 "0.3023 0.1353
3.00 79.0465 -0.3361 0.1672
2.75 79.1023 -0.3779 0.1995
2.50 79.1741 -0.4278 0.2957
2.25 79.2413 -0.5017 0.3490
2.00 79.3203 -0.5890 0.0000
1.75 79.4013 0.0000 0.0000
1.50 79.5021 0.0000 0.0000
1.25 79.6012 0.0000 0.0000
1.00 79.7187 0.0000 0.0000
0.75 79.8582 0.0000 0.0000
0.50 80.0297 0.0000 0.0000
0.25 80.2447 0.0000 0.0000
0.00 80.4983 0.0000 0.0000



STABILIZATION ANSI56.8

TIME TEMP 56.8 56.8 4-1
1HR 4 HR HR
F/HR F/HR

5.50 78.610 0.1148 0.223 0.075
5.25 78. 640 0.161 0.240 0.079
5.00 78.680 0.167 0.260 0.093
4.75 78.716 0.173 0.285 0.112
4.50 78.758 0.179 0.318 0.139
4.25 78.801 0.196 0.361 0.165
4..00 78.847 0.199 0.413 0.214
3.75 78.889 0.213 0.000 -0.213
3.50 78.937 0.237 0.000 -0.237
3.25 78.997 0.245 0.000 -0.245
3.00 79.046 0.274 0.000 -0.274
2.75 79.102 0.299 0.000 -0.299
2.50 79.174 0.328 0.000 -0.328
2.25 79.241 0.360 0.000 -0.360
2.00 79.320 0.398 0.000 -0.398
1.75 79.401 0.457 0.000 -0.457
1.50 79.502 0.528 0.000 -0.528
1.25 79.601 0.644 0.000 -0.644
1.00 79.719 0.780 0.000 -0.780
0.75 79.858 0.000 0.000 0.000
0.50 80.030 0.000 0.000 0.000
0.25 80.245 0.000 0.000 0.000



APPENDIX B

ILRT TEST DATA AND PLOTS



PLEASE SELECT THE OPTION
YOU WISH TO USE:

- NAL ATA ENTRY
RA T8ROGRAPHS

- END AN L IS
5 REPRINT CURRENT DATA PT

SENSOR DIFFERENTIALS

P - PASS WORD MENU

TEST DATA 0530

# OF DATA POINTS.= 97
MODEDURAT ION (IN HOURS) = 24

TOT TIME MEASURED LEAK 0.Q968
TOT TIME CALCULATED LEAK 0.0871

TOT TIME 95% UCL = 0.0958
MASS POINT LEAK = 0.0962

MASS POINT 95% UCL = 0.0986
75% La - .1875

MASS = 667461.19

SELECTED OPTION=

POINT SUMMARY: CURRENT VALUE/DIFFERENCE FROM PREVIOUS POINT

AVG TEMP: 77.069 / -0.014
MASS: 687461.19 / +4.375

AVG PRESS:
AVG DEW PRESS:
TOTAL PRESS:

68.352 / -0.001
4010 / -0.000368:753 / "0.002
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TOTAL TIME/MASS POINT UNIT # 3

DATE TIME TTLM LMCALC SL LAM L95

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

'310

310

310

310

310

310

310

0.00 0.0000

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.58

2.75

3.00

3.05

3.25

3.53

3.75

4.00

4.27

4.50

4.75

5.00

5.25

5.50

5.75

6.00

6.25

0.3932

0. 2-23

0.2380

0.1867

0. 1725

0. 1707

0.11713

0.1631

0.1498

0.1505

0.1417

0.1393

0. 1404

0,1549

0.1467

0.1399

0.1419

0.1492

0. 1483

0. 1408.

0.1409

0.1384

0.1336

0.1328

0.1362

0.0000

0.0000

0.2223

0.2069

0.1695

0.1471

0.1367

0.1327

0.1280

0.1086

0.1161

0. 1134

0.1178

.0.1148

0.1132

0.1129

0.1104

0.1088

0.1100

0.1107

0.1102

0.1099

0.1094

0. 1084

0.1075

0.1073

0.0000

0.0000

0.0000

0.9452

0.4623

0.3523

0.3120

0.2935

0.2762

0.2581

0.2536

0.2421

0.2365

0.2279

0.2253

0.2221

0.2167

0. 2130

0.2131

0.2126

0.2102

0.2082

0.2060

0.2030

0.2004

0.1989

0. 0000 0.0000

0.0000

0.2209

0.2190

0.1808

0.1610

0.1537

0.1528

0.1496

0.1408

0.1383

0.1329

0.1295

0.1277

0.1314

0.1321

0.1307

0.1305

0.1326

0.1341

0..1336

0.1330

0.1324

0.1308

0.1293

0.1291

0.0000

1.0630

0.3486

0.2597

0.2140

0.1901

0.1790

0.1698

0.1570

0.1514

0.1447

0.1403

0.1373

0.1408

0.1403

0.1381

0.1371

0.11389

.0.1399.

0.1389

0.1379

0.1369

0.1.353

0.1336

0.1331



TOTAL TIME/MASS POINT UNIT # 3

DATE TIME TTLM LMCALC SL LAM L95

310 6.50

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

310

6.75

7.00

7.25

7.50

7.75

8.00

8.25

8.50

8.75

9.00

9.25

9.50

9.75

10.00

10.25

10.50

10.75.

11.00

11.25

11.50

11.75

12.00

12.25

12.50

0.1429

0.1416

0.1366

0.1366

0.1403

0.1367

0.1362

0.1362

0.1368

0.1336

0.1357

0.1331

0.1288

0.1310

0.1331

0.1347

0.11257

0.1307

0..1274

0.1273

0.1250

0.1262

0. 1242

0.1228

0. 1240

0.1082

0.1090

0.1090

0.1091

0.1097

0.1099

0.1100

0.1102

0.1105

0.1104

0.1106

0.1105

0.1101

0.1099

0.1100

0.1103

0.,1097

0.1096

0.1093

0.1090

0.1086

0.1083

0.1079

0.1074

0.1071

0.1991

0.1989

0.1978

0.1968

0.1966

0.1957

0.1949

0.1941

0.1935

0.1925

0.1919

0.1909

0.1895

0.1885

0.1878

0.1874

0.1860

0. 1852

0. 1841

0.1831

0.1819

0.1809

0.1798

0.1786

0. 1777

0.1302

0.1311

0.1308

0.1305

0.1312

0.1312

0.1309

0.1308

0.1308

0.1302

0.1303

0.1298

0.1290

0.1284

0.1282

0.1283

0. 1272

01.1268

0.1262

0.1256

0.1249

0.1244

0.1236

0.1228

0.1224

0.1341

0. 1347

0. 1342

0.1337

0.1342

0. 1340

0. 1336

0.1333

0. 1332

0. 1325

0. 1324

0. 1319

0.1312
0.13

0.1305

0. 1302

0. 1302

0..1293

0. 1289

0.1283

0.1277

0. 1270

0.1265

0. 1257

0.1250

0. 1245

310 .12.75 0.1218 0.1066 0.1766 0.1214 0.1236



TOTAL TIME/MASS POINT UNIT # 3

DATE TIME TTLM LMCALC SL LAM L95

310 13.00 0.1241 0.1064 0.1757 0.1209 0.1231

310 13.25 0.1238 0.1062 0.1750 0.1206 0.1227

310 13.50 0.1208 0.1057 0.1739 0.1199 0..1220

310 13.75 0.1228 0.1055 0.1732 0.1195 0.1216

310 14.00 0.1209 0.1052 0.1723 0.1191 0.1211

310 14-25 0.1211 0.1049 0.1715 0.1187 0.1207

310 14.50 0.1205 0.1045 0.1707 0.1181 0.1201

310 14.75 0.1187 0.1041 0.1697 0.1176 0.1196

310 15.00 0.1187 0.1038 0.1689 0.1170 0.1191

310 15.25 0.1166 0.1033 0.1679 0.1164 0.1184

310 15.50 0.1159 0.1028 0.1670 0.1156 0.1177

310 15.75 0.1162 0.1024 0.1661 0.1151 0.1173

310 16.00 0.1118 0.1018 0.1649 0.1142 0.1165

310 16.25 0.1158 0.1014 0.1641 0.1137 0.1159

310 16.50 0.1153 0.1010 0.1633 0.1131 0.1154

310 16.75 0.1096 0.11003 0.1622 0.1122 0.1146

310 17.00 0.1137 0.0999 0.1613 0.1117 0.1140

310 17ý.25 0.1107 0.0994 0.1604 0.1110 0.1134

310 17.50 0.1100 0.0988 0.1594 0.1103 0.1127

310 17.75 0.11-1 i 0.0984 0.1586 -0.1096 0.1120

310 18.00 0.1118 0.0980 0.1578 0.1092 0.1116

310 18.25 0.1097 0.0975 0.1570 0.1086 0.1109

311 1S.50 0.1101 0.0971 0.1562 0.1081 0.1105

311 18.75 0.1103 0.0967 0.1554 0.1077 0.1100

311 19.00 0.1084 0.0963 0.1546 0.1070 0.1094

311 19.25 0.1069 0.0958 0.1538 0.1064 0.1088



TOTAL TIME/MASS POINT UNIT # 3

DATE TIME TTLM LMCALC SL LAM L95

311 19.50 0.1057 0.0952 0.1529 0.1057 0.1081

311 19.75 0.1068 0.0948 0.1521 0.1052 0.1076

311 20.00 0.1061 0.0943 0.1513 0.1046 0.1070

311 20.25 0.1045 0.0938 0.1505 0.1040 0.1064

311 20.50 0.1035 0.0933 0.1496 0.1033 0.1058

311 20.75 0.1050 0.0928 0.1489 0.1029 0.1053

311 21.00 0.1040 0.0924 0.1481 0.1024 0.1048

311 21.25 0.1026 0.0919 0.1473 0.1018 0.1042

311 21.50 0.1031 0.0914 0.1466 0.1012 0.1037

311 21.75 0.1043 0.0911 0.1459 0.1008 0.1032

311 22.00 0.1026 0.0906 0.1452 0.1003 0.1027

311 22.25 0.1005 0.0901 0.1444 0.0998 0.1022

311 22.50 0.1016 0.0897 0.1437 0.0993 0.1017

.311 22.75 0.1008 0.0893 0.1430 0.0988 0.1012

311 23.00 0.1004 0.0888 0.1423 0.0983 0.1007

311 23.25 0.1009 0.0885 0.1417 0.0979 0.1002

311 23.50 0.0994 0.0880 0.1410 0.0973 0.0997

311 23.75 ...0.0985 0.0876 0.1403 0.0968 0.0992

311 24.00 0.0968 0.0871 0.0958 0.0962 0.0986

'-N



DATE TIME T(I) P(I) DT(I) VP(I) MASS(I)

11:Q3 IS: ;1; 6 1 0.000 0.422 668127
tis 7:• : 6B.64 0.000 0.423 688099
310 0.50 78.518 68.600 0.000 0.422 688095
310 0.75 78.491 68.595 0.000 0.421 688076

•. 310 1.00 78.456 68.590 0.000 0.421 688074
310 1.25 78.429 68.586 0.000 0.420 688066
10 1.50 78.400 68.581 0.000 0.420 688054

2.58 78.286 68. 7 :784 418 68
31 2.75 78.266 66.559 0.00o 0.418 688009310 3.00 78.244 68.556 0.000 0.417 688005310 3.05 78.239 68.555 0.000 0.417 688006310 3.25 78.219 68.552 0.00 0.416 687996

310 353 78.201 68.547 0.000 0.416 687970
310 3.75 78.180 68.544 0.000 0.416 687970
310 4.00 78.156 68.541 0.000 0.415 687967
310 4.27 78.132 68.537 0.000 0.415 687954
310 4.50 78.112 68.532 0.000 0.416 687935
310 4.75 78.099 68.530 0.000 0.415 687967
310 5.00 78.075 68.527 0.000 0.414 687954
310 5.25 78.057 68.523 0.000 0.414 687915310 5.75 78.033 68.520 0.000 0 414 687909
310 5.75 78.015 68.517 0.000 0.413 687907
310 6.00 77.996 68.514 0.000 0.413 667899
310 6.25 77.979 68.510 0.000 0.413 687883
310 6.50 77.967 68.506 0.000 0,413 687861
310 6.75 77.949 68.503 0.000 0.413 687853
310 7.00 77.927 68.501 0.000 0.412 687853
310 7.25 77.914 68.498 0.000 0.412 687843
310 7.50 77.902 68.495 0.000 0.412 687826
310 7.75 77.885 68.492 0.000 0.411 687823
310 8.00 77.867 68.489 0.000 0.411 687815
310 8.25 77.854 68.486 0.000 0.411 687805
310 8.50 77.837 68.483 0.000 0.411 687794
310 8.75 77.818 68.481 0.000 0.410 687792
310 9.00 77.806 68.478 0.000 0.411 687777
310 9.25 77.790 68.475 0.000 0.411 687774
318 8.75 77.774 68.473 0.000 0.40w 687776309.00 77.806 68.478 0.000 0.411 687777

310 10.00 77.744 68.467 8:8880 O. 1081 876673310 10.25 77.733 68.464 0.000 4 6877
310 10.50 77.715 68.467 0.00 0.408 68774931o 10.75 77.701 68.457 0410 687725310 11.00 77.688 68.457 0.000 0: 40 6877250-800 .4 0 68772

310 11.25 77.675 68.455 0.000 0.409 687717
310 11.50 77.657 68.453 0.000 0.408 687715
310 11.75 77.644 68.450 0.000 0.409 687702
310 12.00 77.625 68.447 0.000 0.409 687700

310 12.25 77.614 68.445 0.000 0.408 687696
310 12.50 77.603 68.442 0.000 0.408 687683



DATE TIME T(I) P(I) DT(I) VP(I) MASS(1)

10 12.75 77.587 683.440 0.000 0.408 1171111i0 13.00 77.57 68.437 8:888 8:8
10 13.25 77.0 68.4353 8:008 0407

Ho 77.540 68.430 8.000 0.407 6 3
•' 310 14.00 77.518 68.426 0.000 0.408 687642

310 14.25 77.510 68.426 0.000 0.407 687633310 14.50 77.496 68.423 0.000 0.408 687627
310 14.75 77.484 68.422 0.000 0.407 687625
310 15.00 77.471 68.419 0.000 0.407 687617
310 15.25 77.459 68.417 0.000 0.406 687617
310 15.50 77.447 68.415 0.000 0.406 687612
310 15.75 77.432 66.413 0000 040g 6:8310 16.00 77.416 68.412 0:00 040
310 16.25 77.413 66.409 0.000 0.406 687566
310 16.50 77.399 68.406 0.000 0.406 667582
310 16.75 77.381 68.406 0.000 8.404 687601
310 17.00 77.374 68.402 0.000 0.405 687573
310 17.25 77.360 68.401 0.000 0.404 687560
10 17.50 77.348 68.399 0.000 687576S 7.75 77.335 68.:96 0.000 0.405 667562

310 8.00 77.32 68. 94 0.000 0.405 667551
310 18.25 77.313 68.393 0.000 0.405 68755
311 18.50 77.306 68.391 0.000 0.404 687544
311 18.75 77.297 68.389 0.000 0.404 687534
311 19.00 77.281 68.387 0.000 0.404 687537
311 19.25 77.269 68.385 0.000 0.403 687537
311 19.50 77.256 68.384 0.000 0.403 687536
311 19.75 77.246 68.381 0.000 0.404 687522
311 20.00 77.231 68.379 0.000 0.404 687519
311 20.25 77.223 68.378 0.000 0.403 867521
311 20.50 77.212 68.376 0.000 0.403 687519
311 20.75 77.206 68.374 0.000 0.403 687503
311 21.00 77.192 68.372 0.000 0.403 667501

11 21.25 77.180 68.371 0.000 0.403 ?,- 687502
11 21.50 77.171 68.368 0.000 0.483 687492

311 21.75 77.162 68.366 0.000 0.404 667477
311 22.00 77.157 68.365 0.000 0.402 687480
11 22.25 77.140 68.364 0.000 0.402 687486
11 22.50 77.133 68.362 0.000 0.402 687472

311 22.75 77.120 68. 360 0.000 0.403 687470
311 23.00 77.114 68.358 0.000 0.402 687465
311 23.25 77.107 68.357 0.000 0.402 687455
311 23.50 77.093 68.355 00.0000 0.402 687457
.311 23.75 77.08E3 68.354 0.000 0.401 687457
311 24.00 77.069 68.352 0.000 0.401 687461
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APPENDIX C

VERIFICATION TEST DATA AND PLOTS



vER:~::T:CN MDE
3- 1PTONS.:

TIME= 0945
TEST SUMMARY

1 - MANUAL DATA ENTRY
I2 - PARAMETEP GRA • S3 - St-2NR PLOTS

4 . TREND ANALYSIS
5 - REPRINT UR•P•ENT DATA PT

P PASS WORD MENU

SELECTED O0TI, =

# OF DATA POINTS =
MODE DURATION (IN HOURS) =

TOT TIME MEASURED LEAK =
TOT TIME CALCULATED LEAK =

MASS PT LEAK =
IMPOSED LEAK=

TOT TIME UPPER LIMIT =
TOT TIME LOWER LIMIT =

.MASS PT UPPER LIMIT =
MASS PT LOWER LIMIT =

40

4.25

0.2620
0.2810
0.2•33

0.3879
0.2629
0.3970
0.2720

TOT TIME VERIFICATION CRITERIA HAS NOT BEEN MET

miASS P VERIIIATICN CRITERIA HAS BEEN MET

CO-NT SUMARY: CURRENT VALUE/DIFFERENCE FROM PREVIOUS POINT

AVG. •EMF: 76.2.Z/ -0.007
MASS: 637103.83/ -21.750

AVG PRESS: 68.297 / -0.003
AVG DEW PRESS: 0.4000/ -0.0002
TOTAL PRESS: 68.697 / -0.003
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HVL3 . ý --- vru-C .Z

DATE TIME T(I) P(I) DT(I) VP(I) MASS(I)

311 0.00 77.069 68.352 0.000 0.401 687461.19
311 0.25 77.066 68.349 0.000 0.401 687432.3e
311 0.327 77.067 68.348 0.000 0.401 687420.19
711 0.50 77.056 68.346 0.000 0.401 687410.06
3,311 .0.75 77.038 68.342 0.000 0.401 687392.56
311 1.00 77.031 68.339 0.000 0.401 687372.06
311 1.25 77.023 68.334 0.000 0.402 687340.75
31 1.50 77.014 68.331 0.000 0.401 687321.38
311 1.75 77.003 68.329 0.000 0.401 687306.63
311 2.00 76.986 68.325 0.000 0.401 687296.94
311 2.25 76.982 68.323 0.000 0.400 687273.81
311 2.50 76.969 68.320 0.000 0.400 687260.56
311 2.75 76.962 68.316 0.000 0.401 687228.25
311 3.00 76.956 68.313 0.000 0.400 687213.06
311 3.25 76.945 68.310 0.000 0.400 687195.94
311 3.50 76.931 68.306 0.000 0.400 687174.75
311 3.75 76.929 68.304 0.000 0.400 687149.81
311 4.00 76.920 68.300 0.000 0.400 687125.38
311 4.25 76.913 68.297 0.000 0.400 687103.63



MASS POINT UNIT # 3

,. DATE TIME LAM L95

311 0.00 0.0000 0.0000

311 0.25 0.0000 0.0000

311 0.32 0.4384 0.7872

311 0.50 0.3672 0.508.5

311 0.75 0.3145 0.3987

311 1.00 0.2967 0.3458

311 1.25 0.3115 0.3460

311 1.50 0.3132 0.3370

311 •1.75 0.3048 0.3240

311 2.00 0.2903 0.3111

311 2.25 0.2844 0.3018

311 2.50 0.2772 0.2932

311 2.75 0.2788 0.2922

311 3.00 0.2779 0.2892

311 .3.25 0.2764 0.2862

311 3.50 0.2760 0.2845

311 3.75 0.2770 0.2845

311 4.00 0.2789 0.2857

311 0.2810 0.2873



APPENDIX D

INSTRUMENT SELECITON GUIDE CALCULATION



INSTRUMENT SEL= ON GUIDE CALCUIATION

Page 1 of 2

A. TEST PARAMETERS

La= 0.25%/day

P = 68.6 psia

T = 5380 R

T,= 74.40 F

t = 24 hours

B. INSTRUMENT PARAMETERS

1. Total Absolute Pressure

No. of Sensors = 2

Range: 0 - 100 psia

Sensor sensitivity error (E): 0.005 psia

Measurement system error (e):

Resolution: 0.0001 psia

Repeatability: 0.005 psia

e - +/- ((0.0001)2 + (0.005)2)1/2

e = +/- 0.005001 psia

e + /-((0.005)2 + (0.005001)2)1/2. /(2)1/2

%= +1- 0.005001 psia

2. Water Vapor Pressure

No. of Sensors = 10

Sensor sensitivity error (E): 0.10 F

Measurement system error (e):

Resolution: 0.010 F

Repeatability: 0.040 F

e= +/- ((0.01)Y + (0.04)2)1/2

e = +/- 0.0410 F

At a dewpoint of 74.40 F, the equivalent water vapor pressure change (as

determined from steam tables) is 0.0142 psia/ 0 F.



Page 2 of 2

E = +/- 0.10 F (0.0142 psia/* F)

E = + 0.00142 psia

e = +/- 0.041° F (0.0142 psia/* F)

e +/- 0.00058 psia

e = +/ ((0.00142)? + (0 .00 05 8)2)1/ /(10)'/2

ep, = +/, 0.00048 psia

3. Temperature

No. of Sensors = 24

Sensor sensitivity error (E): 0.010 F

Measurement system error (e):

Resolution: 0.01? F

Repeatability: 0.054' F

e + /-((0.01)2 + (0.054)2)1/2

e =/- 0.0550 F = +/- 0.0550 R

er= +/-((0.01)2 + (Q.0 5 5 )2)1/2 /(24)1/2

eT= / 0.0110 R

4. Instrumentation Selection Guide Formula

ISG +/- 2400/t (2(ep/P) 2 + 2(ep/P) 2 +2(eT/T)2)'/2

ISG = +/- (2400/24) (2(0.005001/68.6)2 + 2(0.00048/68.6)2

+ 2(0.011/538)2)1/2

ISG- + /-00108 %/day



APPENDIX E

GENERAL PHYSICS ILRT COMPUTER PROGRAM DESCRIPTION



DESCRIPTION OF GENERAL PHYSICS ILRT COMPUTER PROGRAM

The following paragraphs describe the various features and attributes of the General

Physics ILRT Computer Program and the process used to certify it for each

application.

RED~UNDAANCY

The General Physics ILRT team was equipped with two fully operational IBM

compatible microcomputers during the ILRT and for on site data reduction and

analysis. The computer software and hardware interfaced directly with the ILRT

Measurement System Data Acquisition System (Fluke 2285B).

Two computers were brought on site for 100% redundancy, as each computer and

its software is capable of independently performing the ILRT. The General Physics

ILRT Computer Software is also capable of accepting manual input of raw sensor

data and performing all required sensor data conversions if the data logger should

cease to function. Each computer was equipped with back-up disks in the unlikely

event of a disk "crash."



The General Physics ILRT Computer Program is written in QUICK BASIC. QUICK

BASIC is a high level programming language which combines programming ease with

user oriented command functions to create an easy to use and understand program.

In order to increase speed of operation the program was then compiled into an

executable command Mfie. Compiling was accomplished using the Quick Basic

Compiler. In addition to execution speed, this had the added benefit of making the

program more secure as compiled programs cannot be edited or changed. The

program requires a password to change modes of operation, start times, or enter the

data editing routine to safeguard the integrity of the raw data files.

The program itself is designed to be a menu driven program consisting of five

separate, menu driven operating modes. These are the:

1. Pressurization Mode 4. Verification Mode

2. Stabilization Mode 5. Depressurization Mode

3. Test Mode



These modes also correspond to the phases of the ILRT. Menu driven means that

the user is presented with a list of options that the program can perform and from

which the user can choose. It allows for interactive information exchange between

the user and the computer and prevents invalid information or user mistakes from

crashing the program. Program organization consists of a master menu which

controls access to the seven operating modes chained to the individual menus which

control these modes. The data processing, information display capabilities and

function of each mode is as follows:

1. Pressurization Mode: All data reduction, graphic displays of average

temperature, dewpoint, and corrected pressure.

2. Stabilization Mode: All data reduction, automatic comparison of data against

ANSI 56.8 and BN-TOP-1 temperature stabilization criteria, notification when

criteria is met, graphic displays of average temperature, dewpoint, and

corrected pressure.

3. Test Mode: All data reduction, calculation of leakage rates using mass point,

total time and point-to-point analysis techniques, display of trend report

information required by BN-TOP-1, graphic display of average temperature,

dewpoint, pressure and mass, as well as graphic display of mass point

measured leakage, 95% UCL; total time measured and calculated leakage and

the total time leakage rate at the 95% UCL (as calculated by BN-TOP-1),

including a superimposed acceptance criteria line).

4. Verification Test Mode: With input of imposed leakage in SCFM

automatically calculates and displays on graph and trend report the

acceptance criteria band, plus all graphics displays available in test mode.

5. Depressurization Mode: All data and graphics capabilities of Pressurization

Mode.



Other reduction and analysis capabilities of the General Physics ILRT computer

program include:

1. Containment total pressure conversion from counts to psia (if required), and

averaging.

2. Containment drybulb temperature weighted averaging and conversion to

absolute units.

3. Containment dewpoint temperature weighted averaging (conversion from

Foxboro dewcell element temperature to dewpoint temperature if required)

and conversion to partial pressure of water vapor (psia).

4. Data storage of ILRT measurement system inputs for each data point.

5. Weight (mass) point calculations using the ideal gas law.

6. Automated Data Acquisition and/or Manual Data Entry.

7. Sensor performance and deviation information for sensor failure criteria,

graphic display of individual sensor performance for selected operating mode.

8. Calculation of ISG formula at beginning of test; acceptance criteria based on

number of sensors remaining and actual test duration.

9. Computer System Error Functions automatically checks for error in incoming

data, printer or disk drive faults.



The computer program used by General Physics has been previously certified for six

tests at the San Onofre Nuclear Generating Station and over a dozen other ILRTs.

The initial certification required verification of the program through hand

calculations and an independent review by Bechtel Power Corporation.

After modification for the Crystal River Unit 3 ILRT was completed, a calibration

set of raw data was used to verify the program calculations prior to usage.

Additionally, once the computer was linked to the data acquisition system and a

complete data stream was available, the input function of each mode of the program

was verified by comparing the data acquisition system output to the computer

printout data point summary. A data set of known values were manually entered to

verify proper calculation of average temperatures and relative humidities using the

installed volume weighting fractions.



APPENDIX F

LOCAL LEAKAGE RATE TEST SUMMARIES



LEAK RATE TESTING SUMMARY

DATE DESCRIPTION AS FOUND TOTAL AS LEFT TOTAL
OF TYPE B & C OF TYPE B & C

(sccm) (sccm)

10/30/87 RF 6 "As Left" 26,930.1

5/26/89 RCP Outage 58,290.8 40,076.7

6/13/89 Purge Valve Testing 401076.7 37,583.7

6/30/89 As Found Purge Valve 36,962.6
_Testing

7/10/89 As Left Purge Valve 37,417.7
Testing

8/28/89 As Found Purge Valve 37,628.7
__ _ _ __ _ Testing ._.

10/2/89 As Left Purge Valve 37,672.7
Testing

11/16/89 Personnel Air Lock 35,112.7 35,112.7
Testing

2/21/90 As Found & As Left 36,176.7 35,348.7
Purge Valve Testing _

6/14/90 RF 7 Testing 50,839.94 38,998.46

10/19/90 As Found & As Left 38,920.46 39,204.46
Purge Valve Testing

.12/17/90 As Found & As Left 27,681.46 28,071.46
Purge Valve and

Personnel Air Lock
Testing

1/28/91 Update Total'for 28,464.43 28,464.43
Addition of Electrical

Penetrations

6/10/91 Personnel Air'Lock 28,822.43 28,822.43
Testing

11/15/91 8M Outage Testing 45,699.57 46,958.27

11/19/91 Post Maintenance 46,958.27 46,348.27
Testing of Personnel

Air Lock

Note: 0.60 La = 265,286 sccm



) ) )

LEAK RATE TESTING TRENDING PROGRAM
FOR FLORIDA POWER CORPORATION - CRYSTAL RIVER UNIT 3

(2ND INTERVAL)

Page 1

TYPE C LLRT (valvs, flanges) INBOARD ISOLATION VALVES (Leakage In scorn) OUTBOARD ISOLATION VALVES (Leakage In occm)

I

PENER IATION
PATH LEAKCAGE

___________________________. ...... ......... . ' " . p**P ....

PENETRATION~ 1YT VALVE # LE.AKAGE ACTION STATUS VALVE # L.EAKAGE ACTION STATUS AS. AS ACTUAL
FOUND I [ FOUNDL I LEFT VALUE VALUE

0305 RB LEAK RATE LRV-73 30.0 30.0 9576 PASS LRV-72 35.0 35.0 9576 PASS 35 35 3=27/90

0306L RB LEAK RATE LRV-70 57.7 57.7 9576 PASS LRV-71 59.8 59.8 9576 PASS 60 60 3/26/90

110 STATION AIR SAV-24 98.9 98.9 4788 PASS SAV-122 1701.1 1701.1 4788 PASS
110 STATION AIR SAV-23 1701 1701 3/17/90

110 STATION AIR SAV-24 1442.0 1442.0 4788 PASS MAV-122 6300.0 471.0 4780 FAIL
110 STATION AIR _ SAV-Z3 6300 1442 5/5/SO

111 INSTRUMENT AIR IAV-28 20.0 20.0 3192 PASS 20 20 3/17/90

111 INSTRUMENT AIR IAV-28 20.0 20.0 3192 PASS 20 20 2/28/89

112 INSTRUMENT AIR IAV-29 49.2 49.2 3192 PASS1 49 49 3/17/90

112 INSTRUMENT AIR IAV-29 43.8 43.8 3192 PASS 44 44 2/28/89

113 AIR HANDLING AHV-IC 590.0 1002.0 2500 PASS AHV-11D 590 1002 11112)91

113 AIR HANDLING AHV-IC 1185.0 590.0 2500 PASS AHV-ID 1185 590 11/02/91

113 AIR HANDLING AH--IC 912. 2500 PASS AHV-1 D 912 12/16/90

113 AIR HANDLING AHV-NC 925.0 2500 PASS AN-ID 925 12/12/90

113 AIR HANDLING AIN-IC 657.0 913.0 2500 PASS AHV-1D 657 913 10/12/90

113 AIR HANDLING AHV-IC 891.0 888.0 2500 PASS AHV-1D0 891 888 6/11/90

113 AIR HANDLING Al--IC 988.0 1059.0 2500 PASS AI-N-ID 998 1059 9/29/89

113 AIR HANDLING AHV-IC 988.0 2500 PASS AHV-ID 968 9/2/89

113 AIR HANDLING AHV-1C 993.0 2500 PASS AHV-1 D 993 8/27/89

113 AIR HANDLING AHV-IC 1008.0 2500 PASS AHV-1D 1008 7/3169

113 AIR HANDLING AHV-IC 972.0 2500 PASS AHV-ID 972 6/29/89

113 AIR HANDLING AHV-IC 2250.0 829.0 2500 PASS AHV-ID =W2250 829 8/12/89



) )

LEAK RATE TESTING TRENDING PROGRAM Page 2
FOR FLORIDA POWER CORPORATION - CRYSTAL RIVER UNIT 3

(2ND INTERVAL)

TYPE C LLRT (valves, flanges) 0NBOARID tSOL.AT ION VALVES (Leakage In scor) OUTIBOARD ISOLATION VALVES (Leakcage Ini ccin)
II

PENETRATION
PATH LEAKAGE

PONBiTAkTiON SYSTE VALVE;0 LEAKAGE - ACTION ISTATUS VALVE # LEAKAGE IACTION ISTATUS AS AS IACTUAL1[AS -AS VALUE 1AS AS VALUE FOUND LEFT DATE
-__FOUND 1. LEFT:j FOUND I LEFT -VALUE VALUE

113 AIR HANDLING AHV-lC 2250.0 2500 PASS AHV-1 D 2250 4251/89

113 AIR HANDLING AHV-1C 1460.0 .2500 PASS AHV-ID 1460 2/27/89

116 RB LEAK RATE LRV-45 41.0 41.0 3192 PASS LRV-46 221.0 221.0 1596 PASS 221 221 10/26191

118 RB LEAK RATE LRV-45 2.0 2.0 3192 PASS LRV46 .69.4 69.4 1596 PASS 69 89 3/27/90

116 RB LEAK RATE LRV-45 20.0 20.0 3192 PASS LRV-46 295.0 295.0 1596 PASS 295 295 3/15199

117 DEMIN WATER DWV-162 4788 PASS DWV-160 258.0 700.0 4788 PASS 258 700 11/1/91

117 DEMIN WATER DWV-162 2.0 2.0 4786 PASS DWV-160 188.2 188.2 4788 PASS 188 188 4/8/90

117 DEMIN WATER DWV-162 6570.0 2190.0 4786 FAIL DWV-160 537.0 281.0 4788 PASS 6570 2190 3/30/89

121 RB LEAK RATE LRV-50 331.0 331.0 12768 PASS
121 RB LEAK RATE LRV-36 324.0 324.0 .12768 PASS
121 RB LEAK RATE LRV-90 128.7 128.7 4788 PASS
121 RB LEAK RATE LRV-89 124.1 124.1 4788 PASS 480 460 3/27/90

121 RB LEAK RATE LRV-50 116.0 116.0 12768 PASS
121 RB LEAK RATE LRV-36 134.9 134.9 12768 PASS
121 RB LEAK RATE LRV-90 117.6 117.6 4788 PASS
121 RB LEAK RATE LRV-89 118.6 118.6 4788 PASS 254 254 3/15/89

122 RB LEAK RATE LRV-65 4788 PASS
122 RB LEAK RATE LRV-87 15.0 117.6 4788 PASS 15 118 11/11/91

122 RB LEAK RATE LRV-88 20.0 20.0 4788. PASS
122 RB LEAK RATE LRV-87 20.0 20.0 4788 PASS 20. 20 3126/90

122 RB LEAK RATE LRV-88 42.6 42.6 4788 PASS
122 RB LEAK RATE LRV-87 51.6 51.6 4788 PASS 52 52 3/15/89

123 CORE FLOOD CFV-20 3820.0 374.0 1596 FAIL CFV-28 13.0 13.0 1596 PASS 3820 374 3/21/90

123 CORE FLOOD CFV-20 1587.0 1587.0 1596 PASS CFV-28 41.4 41.4 1596 PASS 1587 1587 3/14/89

124 CORE FLOOD CFV-17 336.0 189.0 1596 PASS CFV-27 20.0 20.0 1596 PASS 336 189 3121/90



) )

LEAK RATE TESTING TRENDING PROGRAM
FOR FLORIDA POWER CORPORATION - CRYSTAL RIVER UNIT 3

(2ND INTERVAL)

Page 3

TYPE C LLRT (valves, flanges) INBOARD ISOLATION VALVES (Loakage In soom) OUTBOARD ISOLATION VALVES (Leakage In toom) PENETRATION
PATH LEAKAGE

(sorn)

IP~TA" YTM VALVE # LEAKAGE IACTION STATUS VALVE # LEAKAGE ACTION STATUS AS AS IACTUALI AS......S VALUE I AS AS IVALUE IFOUND LEFT I AE
1FOUlND LEFT 1 11 FOUND i LEFT VAWUE VALUE

• • " " • ; • .!............... ...... ;•i"i;•• ii• !•:•• ;•:'•;•i :• ` • .i• •:•.''..... .....

124 CORE FLOOD CFV-17 202.0 202.0 1596 PASS CFV-27 20.0 20.0 1596 PASS 202 202 3/14/19

125 RB LEAK RATE . LRV-94 665.0 665.0 4788 PASS
125 RB LEAK RATE LRV-93 655.0 656.0 4788 PASS
125 RB LEAK RATE LRV.92 87.0 87.0 4788 PASS
125 RB LEAK RATE LRV-91 65.0 65.0 4788 PASS 752 752 3/28/90

125 RB LEAK RATE LRV-94 1536.0 1536.0 4788 PASS
125 RB LEAK RATE LRV-93 1575.0 1575.0 4788 PASS
125 RB LEAK RATE LRV-92 286.0 286.0 4788 PASS
125 RB LEAK RATE LRV-91 285.0 285.0 4788 PASS 1861 16a1 3/15/89

202 RB LEAK RATE LRV-44 69.6 1089.0 3192 PASS 70 1089 11/11/91

20W RB LEAK RATE LRV.44 20.2 20.2 3192 PASS 20 20 3/24/90

202 RB LEAK RATE LRV-44 20.0 20.0 3192 PASS 20 20 3/15M89

206 INDUST. COOUNG CiV-41 82.0 82.0 3990 PASS 82 62 3/23/90

206 INDUST. COOLING CIV-41 300.0 300.0 3990 PASS 300 300 3/1189

207 INDUST. COOLING CIV-40 15.0 15.0 3990 PASS 15 15 3/27/90

207 INDUST. COOUNG CIV-40 20.0 20.0 3990 PASS 20 20 3/1/189

305 RB LEAK RATE LRV-70 20.6 20.6 9576 PASS LRV-72 27.7 27.7 9576 PASS 28 26 3/29/89

306L RB LEAK RATE LRV-73 47.5 47.5 9576 PASS LRV-71 52.5 52.5 9576 PASS 52 52 3/30/89

306W CONT MONITORING WSV-32 21.0 21.0 798 PASS WSV-33 19.4 19.4 798 PASS
306W CONT MONITORING WSV-28 18.3 18.3 796 PASS WSV-29 14.5 14.5 798 PASS
306W CONT MONITORING WSV*26 14.9 .14.9 798 PASS WSV-27 14.8 14.8 798 PASS 54 54 3/26/90

306W CONT MONITORING WSV-32 20,0 20.0 798 PASS WSV-33 20.0 20.0 798 PASS
306W CONT MONITORING WSV-28 20.0 20.0 798 PASS WSV-29 20.0 20.0 798 PASS
306W CONT MONITORING WSV-26 20.0 20.0 798 PASS WSV-27 20.0 20.0 798 PASS 60 60 3/17/89
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LEAK RATE TESTING TRENDING PROGRAM
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TYPE C LLRT (valves, flanges) INBOARD ISOLATION VAL.VES (Leakage In ocorn) OUTBOARD ISOLATION~ VALVES (Leak"g. I n *mr)
I PENETRATION I

. . .......... .... ..... .. .... ... ......... .. . ...... I'.1 FOUND..... . ( m
PENIF MATION SYSTEM VALVE # LEAKAGE OCTIN STATUS VALVE I LEAKAGE ACTION STATUS AS AS ACTUAL

.FOUND iý .,LF. FOUND~I LEFT VALUE.. VALUE.

314 MAIN STEAM MSV-146 420.0 420.0 6384 PASS 420 420 10/19/91

314 MAIN STEAM MSV-146 12050.0 2100.0 6384 FAIL 12050 2100 3/21/90

314 MAIN STEAM MSV-146 1806.0 1606.0 6364 PASS 1606 1606 3/10/99

315 CONT MONITORING WSV-3 91.3 91.3 1596 PASS WSV-4 73.3 73.3 1596 PASS 91 91 4/5/90

315 CONT MONITORING WSV-3 20.0 20.0 1596 PASS WSV-4 20.0 20.0 1596 PASS 20 20 3/17/89

316 MAIN STEAM MSV-114 1030.0 1030.0 2394 PASS 1030 1030 10/18/91

316 MAIN STEAM MSV-114 5.0 5.0 2394 PASS 5 5 3/M290

316 MAIN STEAM MSV-114 20.0 20.0 2394 PASS 20 20 3/9/89

317 NITROGEN NGV-81 750.0 750.0 2394 PASS 750 750 3/20/90

317 NITROGEN NGV-81 362.0 362.0- 2394 PASS 362 362 3/17/89

318 MAIN STEAM MSV-128 20.0 20.0 6384 PASS 20 20 10/19/91

318 MAIN STEAM MSV-128 20.0 20.0 6384 PASS 20 20 3/20/90

318 MIAN STEAM MSV-128 20.0 20.0 6384 PASS 20 20 3/10/89

320 MAIN STEAM MSV-132 20.0 20.0 2394 PASS 20 20 10/18/91

320 MAIN STEAM MSV-132 1015.0 1015.0 2394 PASS 1015 1015 3/23/90

320 MAIN STEAM MSV-132 312.0 312.0 2394 PASS 312 312 3/9/89

329 DECAY HEAT DHV-93 3192 PASS DHV-91 649.0 790.0 3192 PASS 649 790 11/1/91

329 DECAY HEAT DHV-93 20.0 20.0 3192 PASS DHV-91 20.0 20.0 3192 PASS 20 20 3/2290

329 DECAY HEAT DHV-93 20.0 20.0 3192 PASS DHV-91 2.0 20.0 3192 PASS 20 20 4/3/69

332 CONT MONITORING WSV-5 7.8 7.8 1596 PASS WSV-6 23.9 23.9 1596 PASS 24 24 4/5/90

332 CONT MONITORING WSV-5 20.0 20.0 1596 PASS WSV-6 20.0 20.0 1596 PASS 20 20 3/17/16
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TYPE C LLRT (valves. flanges) INBOARD ISOL ATION VALVE S (Leakage tn eaam) ouriBOARD ISOLATION VALVES (Leakage In scorn) PENETRATION_

PATH LEAKAGE

AS, AS VALUE AS AS VALUE FOUND LEFT DATE

FOUND LEFTI FOUND LEFT VALUE :VALUE

333 MAKE UP MUV-40 220.0 20.0 3900 PASS MUV-49 1976.0 1976.0 3990 PASS
333 MAKE UP MUV-41 2340.0 1860.0 3990 PASS
333 MAKE UP MUV-505 353.0 23.8 4788 PASS 2913 1976 5/24/90

333 MAKE UP MUV-40 160.0 175.3 3900 PASS MUV49 274.0 90.2 3990 PASS
333 MAKE UP MUV.41 100.0. 256.0 399 PASS.
333 MAKE UP MUV-505 1857.0 1857.01. 4788 PASS 2117 2286 5/10/89

339 WASTE DISPOSAL WDV-3 1825.0 1178.0 6384 PASS WDV-4 152.4 152.4 6384 PASS 1825 1178 617/90

339 WASTE DISPOSAL WDV-3 2190.0 2190.0 6384 PASS WDV-4 680.0 680.0 6384 PASS 2190 2190 3/21/89

347 SPENT FUEL SFV-18 15960 PASS SFV-19 13.6 13.6 15960 PASS 14 14 3/9

347 SPENT FUEL SFV-18 62.7 82.7 15960 PASS SFV-19 83.7 83.7 15960 PASS 84 84 3/11/89

349 WASTE DISPOSAL WDV-60 227.0 1083.0 3192 PASS WDV-I 234.0 234.0 3192 PASS 234 1083 5/9/90

349 WASTE DISPOSAL WDV4O 20.0 20.0 3192 PASS WDV-61 20.0 20.0 3192 PASS 20 20 3/21/89

.350 CORE FLOOD CFV.18 275.0 325.0 1596 PASS CFV-26 172.0 172.0 1596 PASS 275 325 3/21/90

350 CORE FLOOD CFV-18 649.0 649.0 1596 PASS CFV-26 176.2 176.2 1596 PASS 649 649 3/14/89

351 CORE FLOOD CFV-15 413.0 548.0 1596 PASS CFV-29 431.0 431.0 2394 PASS

351 CORE FLOOD CFV-16 145.3 70.6 1596 PASS 558 619 3/21/90

351 CORE FLOOD CFV-1 5 20.0 20.0 1596 PASS CFV-29 20.0 20.0 2394 PASS
351 CORE FLOOD CFV-16 20.0 20.0 1596 PASS 40 40 3/11189

352 CORE FLOOD CFV-11 435.0 20.0 1596 PASS CFV-42 640.0 20.0 1596 PASS
352 CORE FLOOD CFV-12 740.0 20.0 1596 PASS 1175 40 3/20/90

352 CORE FLOOD CFV-11 20.0 20.0 1596 PASS CFV-42 20.0 20.0 1596 PASS
352 CORE FLOOD CFV-12 20.0 20.0 1596 PASS 40 40 3/11/89

354 WASTE DISPOSAL WDV-406 1 130.0 237.0 2394 PASS WDV-405 1172.0 227.0 2394 PASS 1172 237 5(25/90

354 WASTE DISPOSAL WDVý406 1574.0 1574.0 2394 PASS WDV-405 749.0 749.0 2394 PASS 1574 1574 3/20/89
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TYPE C LLRT (valves, flanges) INBOARD ISOLATION VALVES (Leakage In soom) OUTBOARD ISOLATION VALVES (Leakage In seem) PNETRATION.
0A h LEAKAGE

............ .. ........ ..... . ... .- -. -
pe+Sp.m-nwi SYSTE~M jVALVE # LEAKAGE ACTION STATUS VALVE # LEAKAGE ACTION, STATUS AS AS ACTUAL

ASA AU SAS VAWUE FOUND LEFT .:.DATE
FOUND. ~ 1 EF FOUND I LEFT _VALWE, YAIE

35 IRGNNOV-62 1670.0 16170.0 2394 PASS 1670 1670 3120/90

355 NITROGEN NGV-62 677.0 8177.0 2394 PASS 677 877 3/17189

356 CONT MONITORING WSV-1 16.0 16.0 1596 PASS WSV-2 15.4 15.4 1596 PASS
356 CONT MONITORING WSV-34 16.1 16.1 796 PASS WSV-35 15.7 15.7 798 PASS
356 CONT MONITORING WSV-30 16.0 16.0 796 PASS WSV41 15.6 15.6 798 PASS
356 CONT MONITORING WSV-38 15.7 15.7 796 PASS WSV-39 15.8 15.6 796 PASS 64 64 3280

356 CONT MONITORING WSV-1 20.0 20.0 1596 PASS WSY-2 20.0 20.0 1596 PASS
356 CONT MONITORING WSV-34 20.0 20.0 796 PASS WSV-35 20.0 20.0 796 PASS
356 CONT MONITORING WSV-30 20.0 20.0 796 PASS WSV-31 20.0 20.0 796 PASS
356 CONT, MONITORING WSV-36 20.0 20.0 796 PASS WSV-39 20.0 20.0 796 PASS 60 80 3/1608

357 AIR HANDLING AMY-i B 976.0 710.0 2550 PASS AHy-lA 978 710 11/13/91

35 AIR HANDLING ANY-I B 666.0 .976.0 2550 PASS AHV-lA _____ ____ _m_86 7 11104191

357 AIR HANDLING AHY-i B 1317.0 2550 PASS AlV-1-A _ ___ 1317 12118/90

357 AIR HANDUING AHV-1 B 914.0 2550 PASS AHV-lA 914 12/1219

357 AIR HANDUING ANY-lB8 1003.0 1031.0 2550 PASS AMY-IA ____ ____ 1003 1031 10/f12190

357 AIR HANDLING AHV-i B. 775.0 650.0 2550 PASS AMY-IA 775 850 6/10/90

57 AIR HANDLING AllY-1 B 619.0 797.0 2500 PASS ANY-lA ____ ____ 619 797 9429/8

357 AIR HANDLING AHY-I B 1143.0 2500 PASS AMY-lA _ ______ ____ 1143 9&"/6

357 AIR HANDLING AHy-l B 619.0 2500 PASS AHV-1-A 619 8/271119

357 AIR HANDLING AMY-1 B 593.0 2500 PASS AMY-IA _ ______593 7/4M6

357 AIR HANDUING AHy-i 8 113.9 2500 PASS AHy-lA 174 6/29/89

357 AIR HANDLING ANY-i 8 2010.0 936.0 2500 PASS AHV-1A _______ 2010 938 6/12189

357 AIR HANDLING AFIV-I B 2010.0 2500 I PASS AHY-lA _ ___ ____ 2010 5/24%

3-57, AIR HANDLING AHV-I B 1017.0 2500 1PASS AMY-lA 1017 .2127/89
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TYPE C LLRT (valves, flanges) INBOARD ISOLATION VALVES (Leakage, In scor) OUITBOARD ISO L ATION VALvES i g i (Leaks"insco) .. PENEATION I

PATH LEAKAkGE

"~~ ~ ~~~~~~~~~~~ • ;, I'.... .... Il ... .. " ... . . . ...... .......... . ., , / ,,, ... . . .. . . , ] ' 'i,"•,, .. .nPFNIFAA~TM SYSTEM 1VALVE # LEAKAGE ACTIO STATUS VALVE # LEAK(AGE ACTION STATUS AS I AS ACTUAL~
AAS S.,11A$ AS VALUE IFOUND Lef DATE:
FOUN LEFTI FOUND LEFT, VALUE VALE...

366 INDUST. COOLING CIV-34 15.0 15.0 3990 PASS 15 15 3/23/90

368 INDUST. COOLING CI-34 100.0 100.0 3990 PASS 100 100 3/2/89

367 INDUST. COOUNG CIV-35 650.0 650.0 3990 PASS 650 650 3/23/90

367 INDUST. COOUNG CIV-35 326.0 326.0 3990 PASS 326 326 312/69

372 NITROGEN NGV-82 37.0 37.0 1596 PASS 37 37 3/20/90

372 NITROGEN NGV-82 167.4 167.4 2394 PASS 167 167 3/17/a9

373 CORE FLOOD CFV-19 1472.0 236.0 1596 PASS CFV-25 190.4 190.4 1596 PASS 1472 236 3/21/90

373 CORE FLOOD CFV-19 312.0 312.0 1596 PASS CFV-25 470.0 470.0 1596 PASS 470 470 3/14/89

374 WASTE DISPOSAL WDV-94 20.0 685.0 4788 PASS WDV-62 20.0 20.0 4788 PASS 20 885 3/r/9

374 WASTE DISPOSAL WDV-94 qO.O 20.0 4788 PASS WDV-a2 255.0 255.0 4788 PASS 255 255 3S18189

376 CONl" MONITORING WSV-41 7.3 7.3 798 PASS WSV-40 8.1 8.1 798 PASS
376 CONT MONITORING WSV-42 52 52 798 PASS WSV-43 7.0 7.0 798 PASS 15 15 3/28190

376 COrJ, MONITORING WSV-41 20.0 20.0 798 PASS WSV-40 20.0 20.0 798 PASS
376 CONT MONITORING WSV-42 20.0 20.0 798 PASS WSV-43 20.0 20.0 798 PASS 40 40 3/17/69

377 MAKE UP MUV-260 1596 PASS MUV-253 20.0 20.0 1596 PASS
377 MAKE UP MUV-261 1596 PASS
377 MAKE UP MUV-259 1596 PASS
377 MAKE UP MUV-258 1596 PASS 1451 1451 10/14191

377 MAKE UP MUV-260 146.7 1088.0 1596 PASS MUV-253 564.0 564.0 1596 PASS
377 MAKE UP MUV-261 20.0 194.7 1596 PASS
377 MAKE UP MUV-25m 2.0 20.0 1596 PASS
377 MAKE UP MUV-258 122.4 147.8 1596 PASS 564 1451 5/4/90

377 MAKE UP MUV-260 65.2 20.0 1596 PASS MUV-253 126.0 126.0 1596 PASS
377 MAKE UP MUV-261 20.0 20.0 1596 PASS
377 MAKE UP MUV-259 22.4 22.4 1596 PASS
377 MAKE UP MUV-258 411.0 411.0 1596 PASS 519 473 3/30/89



) )

LEAK RATE TESTING TRENDING PROGRAM
FOR FLORIDA POWER CORPORATION - CRYSTAL RIVER UNIT 3

(2ND INTERVAL)

Page 8

TYPE C LLRT (valves, flanges)

INBOARD ISOLATION VAL.VES (Leakage In eaciwo
OUTBOARD ISOLATION VALVES (Leakage in eccni4 PENETRATION

PATH LEAKAGE
-00m

.-. .............. ........ - -1 .. ..... .-- - . . - - ..** ... .... .1....-. ".-I.......

425 CHEM. ADDION CAV-433 32.0 32.0 598 PASS CAV-435 30.0 30.0 598 PASS
425 CHEM. ADDITION CAV-434 260.0 250.0 598 PASS OAV-438 250.0 250.0 598 PASS 282 282 31/2Z90

425 CHEM. ADDITION CAV-433 108.6 108.6 598 PASS CAV-435 106.8 106.8 598 PASS
425 CHEM. ADDITION CAV-434 109.9 109.9 596 PASS CAV,436 109.2 109.2 598 PASS 219 219 3(8/89

427 MAIN STEAM MSV-130 605.0 605,0 4788 PASS 605 605 10/17/91

427 MAIN STEAM MSV-130 200.0 200.0 4788 PASS 200 200 3119/90

427 MAIN STEAM MSV-130 106.2 106.2 4788 PASS 106 106 3/^/89

428 MAIN STEAM MSV-148 1255.0 1255.0 4788 PASS 1255 1255 10/17/91

428 MAIN STEAM MSV-148 345.0 345.0 4788 PASS 345 345 3/19/90

428 MAIN STEAM MSV-148 882.0 882.0 4788 PASS 882 882 3/6/89

430 FIRE SERVICE FSV.262 1400.0 1400.0 6384 PASS FSV-251 1850.0 1850.0 6384 PASS 1850 1850 3119/90

430 FIRE SERVICE FSV-2M2 25.4 25.4 6384 PASS FSV-261 40.5 40.5 6384 PASS 40 40 3/25/89

439 CHEM. ADDION CAV-126 598 PASS CAV-2 760.0 210.0 1596 PASS
439 CHEM. ADDION CAV-1 598 PASS CAV-431 20.0 20.0 598 PASS
439 CHEM. ADDION CAV-3 598 PASS CAV-432 20.0 20.0 598 PASS
439 CHEM. ADDmON CAV-429 129.0 129.0 598 PASS
439 CHEM. ADDITION CAV-430 14.0 14.0 598 PASS 600 356 10/17/91

439 CHEM. ADDITION CAV-125 20.0 47.4 598 PASS CAV-2 20.0 20.0 1596 PASS
439 CHEM. ADDITION CAV-1 20.0 96.4 596 PASS CAV-431 20.0 20.0 598 PASS
439 CHEM. ADDITION CAVy3 20.0 68.9 598 PASS CAV-432 20.0 20.0 598 PASS
439 CHEM. ADDITION CAV.429 48.0 48.0 598 PASS
439 CHEM. ADDITION CAV.430 260.0 260.0 598 PASS 368 521 4/4/90

439 CHEM. ADDITION CAV-126 100.0 20.0 598 PASS CAV-2 412.0 412.0 1596 PASS
439 CHEM. ADDITION CAV-1 1878.0 20.0 598 FAIL CAV-431 1194.0 580.0 598 FAIL
439 CHEM. ADDITION CAV-3 2670.0 190.0 598 FAIL CAV-432 10200.0 136.0 598 FAIL
439 CHEM. ADDION CAV-429 100.0 100.0 598 PASS
439 CHEM. ADDITION CAV-430 100.0 100.0 598 PASS 11806 1128 4/23/89
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440 CHEM. ADDITION CAV-4 225.0 313.0 598 PASS CAV-6 950.0 950.0 1596 PASS 9s0 960 3/24(90

440 CHEM. ADDITION CAV-4 20.0 20.0 596 PASS CAV-6 20.0 20.0 1596 PASS 20 20 3/6(60

441 CHEM. ADODITON CAV-5 1037.0 360.0 598 FAIL CAV-7 976.0 976.0 1596 PASS 1037. 976 3/23(60

441 CHEM. ADDITION CAV-5 227.0 227.0 598 PASS CAV-7 649.0 649.0 1596 PASS 649 649 3

- ~- - ~= ~ -
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348 FUEL TRANSFER TUBE GASKET - 3B 20 PASS 20 PASS INLK 100 3/1/89

438 FUEL TRANSFER TUBE GASKET - 3A 20 PASS 20 PASS INLK 100 3/11/89

120 SG CHEMICAL CLEANING GASKETS 48 PASS 48 PASS INLK 100 3/1/89

119 SG CHEMICAL CLEANING GASKETS 20 PASS 20 PASS INLK 100 3/26/89

EHRS EQUIPMENT HATCH RESIUENT SEALS 212 PASS 5 PASS INLK 500 5/23/89

RAX-2 EQUIPMENT HATCH 10240 PASS 10240 PASS INLK 20721 5/24/89

RAX-1 PERSONNEL HATCH 1940 PASS 1940 PASS INLK 20721 5/26/89

RAX-1 PERSONNEL HATCH 8500 PASS 8500 PASS INLK 20721 11/15189

RAX-2 EQUIPMENT HATCH 1120 PASS 1120 PASS INLK 20721 11/16/89

134 LOW VOLTAGE DC INSTRUMENT CONTROL RODS 2 PASS 2 PASS INLK 100 4/18/80

135 RB UGHTS SMALL AC-DC MOTORS 2 PASS 2 PASS INLK 100 4/18/90

301 CR0 POWER SUPPLY 20 PASS 20 PASS INLK 100 4/18/80

302 CRD POWER SUPPLY 20 PASS 20 PASS INLK 100 4/18/90

303 CRD POWER SUPPLY 20 PASS 20 PASS INLK 100 4/18/90

309 VENT FAN 3C 20 PASS 20 PASS INLK 100 4/18/90

127 CRANE/ELEVATOR POWER SUPPLY 6 PASS 6 PASS INLK 100 4/19/90

130 MISC. INSTRUMENTATION 6 PASS 8 PASS INLK 100 4/19/90

133 MISC. INSTRUMENTATION 5 PASS 5 PASS INLK 100 4/19/90

206 RCP-3B1 POWER SUPPLY 2 PASS 2 PASS INLK 100 4/19/90

209 RCP-3B1 POWER SUPPLY 4 PASS 4 PASS INLK 100 4/19/90

210 RCP.3B2 POWER SUPPLY 4 PASS 4 PASS INLK 100 4/19/90

211 RCP-3B2 POWER SUPPLY 4 PASS 4 PASS INLK 100 4/19/90
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212 LOW VOLTAGE DC INSTRUMENT CONTOL RODS 4 PASS 4 PASS INLK 100 4119/90

213 LOW VOLTAGE DC INSTRUMENT CONTOL RODS 4 PASS 4 PASS INLK 100 4/19/90

214 LOW VOLTAGE DC INSTRUMENT CONTOL RODS 2 PASS 2 PASS INLK 100 4/19/90

215 LOW VOLTAGE DC INSTRUMENT CONTOL RODS 2 PASS 2 PASS INLK 100 4119/90

307 CRD POWER SUPPLY 20 PASS 20 PASS INLK 100 4/19/90

308 ES A-B CONTROL CIRCUIT 20 PASS 20 PASS INLK 100 4/19/90

101 PZR. HEATER POWER SUPPLY 6 PASS 6 PASS INLK 100 4/20/90

102 PZPR HEATER POWER SUPPLY 5 PASS 5 PASS INLK 100 4/20/90

103 PZR. HEATER POWER SUPPLY 2 PASS 2 PASS INLK 100 4/20/90

104 E.S. '"8 CONTROL CIRCUITS 4 PASS 4 PASS INLK 100 4/20/90

126 VENT FAN 38 3 PASS 3 PASS INLK 100 4/20/90

126 THERMOCOUPLES 2 PASS 2 PASS INLK 100 4/20/90

129 MISC. INSTRUMENTATION 2 PASS 2 PASS INLK 100 4/20/90

132 MISC. INSTRUMENTATION 5 PASS 5 PASS INLK 100 4/20/90

401 RCP-3A2 POWER SUPPLY 2 PASS 2 PASS INLK 100 4/20/90

402 RCP-3A2 POWER SUPPLY 4 PASS 4 PASS INLK 100 4/20/90

403 RCP-3A1 POWER SUPPLY 6 PASS 6 PASS INLK 100 4/20/90

404 RCP-3A1 POWER SUPPLY 2 PASS 2 PASS INLK 100 4/20/90

405 INCORE INSTRUMENTATION 20 PASS 20 PASS INLK 100 4/20/90

407 INCORE & 01T OR CORE INSTRUMENTATION 20 PASS 20 PASS INLK 100 4/20/90

408 IN-CON COAX CABLES 20 PASS 20 PASS INLK 100 4/20/90

409 THERMOCOUPLES 20 PASS 20 PASS INLK 100 4/20/90
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410 ES 'A' CONTROL CIRCUITS 20 PASS 20 PASS INLK 100 4/20/90

411 ES 'A' CONTROL CIRCUITS 20 PASS 20 PASS INLK 100 4/20/90

412 VENT FAN 3A 20 PASS 20 PASS INLK 100 4/20/90

406 ELECTRICAL PENETRATION .. 40 PASS 40 PASS INLK 100 4/25M90

413 THERMOCOUPLES 2 PASS 2 PASS INLK 100 4/25/90

RAX-1 PERSONNEL HATCH 8500 PASS 1042 PASS INLK 20721 6/12/90

RAX-2 EQIPMENT HATCH 1120 PASS 12380 PASS INLK 20721, 6/13/90

119 SG CHEMICAL CLEANING GASKETS 62 PASS 20 PASS INLK 100 6/1/90

120 SO CHEMICAL CLEANING GASKETS 87 PASS 27 PASS INLK 100 .6/4/90

348 FUEL TRANSFER TUBE GASKET. 38 15 PASS 20 PASS INLK 100 6/8/90

436 FUEL TRANSFER TUBE GASKET - 3A 7 PASS 20 PASS INLK 100 6/8/90

EHRS EQUIPMENT HATCH RESILIENT SEALS 20 PASS 20 PASS INLK 500 6/12/90

RAX-2 EQUIPMENT HATCH 982 PASS 982 PASS INLK 20721 12110/90

RAX-1 PERSONNEL HATCH 1022. PASS 1022 PASS INLK 20721 12.111/90

RAX-1 PERSONNEL HATCH 1404 PASS 1404 PASS INLK 20721 6/5/91

RAX-2 EQUIPMENT HATCH 958 PASS 958 PASS INLK 20721 6/6/91

EHRS EQUIPMENT HATCH RESIUENT SEALS 20. PASS 170 PASS INLK 500 11/4/91

348 FUEL TRANSFER TUBE GASKET - 38 20 PASS 20 PASS INLK 100 10/13/91

436 FUEL TRANSFER TUBE GASKET - 3A 20 PASS 20 PASS INLK 100 10/13/91

119 So CHEMICAL CLEANING GASKETS 20 PASS 20 PASS INLK 100 10/13/91

120 SO CHEMICAL CLEANING GASKETS 20 PASS 20 PASS INLK 100 10/13/91

EHRS EQUIPMENT HATCH RESILIENT SEALS 170 PASS 362 PASS INLK 500 11/13/91
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PENETRTION DESCRIPTION.. AS FOUND STATUS AS- STATUS ITEST TY p# ACCEPTANCE CRITERIA ACTUAL
LEFT___________________II I__ ____j CINVLE(om DATE..

RAX-1 PERSONNEL HATCH 3780 PASS 3170 PASS INLK 20721 11118/91

RAX-2 EQUIPMENT HATCH 14800 PASS 14800 PASS INLK 20751 11/13/91

.9 .9 I* g 4 4 4 - 4

4 4 4 1-4 4 4 4

'9 .9 .9 t-4 4 4 4

7 T .9 1 t .9 '9 .9

= ~ ~ = ~ I = = =



APPENDIX G

SENSOR LOCATIONS AND VOLUME FRACTIONS
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!NSTALLED CONSTANTS

RTD WEIGHT FACTORS

RTD
RTD
RTD
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9
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21
22
23
24

WEIGHT
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FACTOR
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a

m

m

U

=

U

=

U

U

0.036800
0.036800
0.036700
0.013300
0.058000

0.058800
0.05s0oo
0.016500
0.054700
0.054700
0.063800
0.054700
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0.036100
0.036100
0.0361.00
0.036100
0.036100
0.036000
0.036000
0.016500
0.01.3500
0.054600
0.054600

RTO WEIGHTING FACTOR SUM

PRESSURE GAUGE WEIGHT FACTORS

= 1.000000

PRESS GAUGE #
PRESS. GAUGE #

I WEIGHT FACTOR
2 WEIGHT FACTOR

= 0.5000
O .5000

PRESS. GAUGE WEIGHTING FACTOR SUM = 1.0000

.DEW CELL WEIGHT FACTORS
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DEW
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a
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0. i26600
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1ý

DEW CELL WEIGHTING FACTOR SUM

cQQNTAINMENT VOLUME

LA

-1.000000

- 2000000
= 0.25
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TENDON SURVEILLANCE REQUIREMENTS--AVERAGE TENDON FORCE *

* ~
J.F. FULTON
Giibert/Conmwnw~aJ*A. P.O. BoX 149&. Aeading, PA 19603. USA

Received June 1982

I

Several documents currently provide requirements for containment tendon surveillance programs in the U.S. These are: (1)
USNRC Regulatory Guide 1.3S. Proposed Revision 3; (2) USNRC Proposed Regulatory Guide 1.33.1: (3) ASME Code
Section Xl. proposed Subsection IWX. and (4) the USNRC Standard Technical Specification for Tendon Surveillance. This
paper addresses the aspect of these documents which deals with acceptance criteria for the tendon lift-off forces.

Proposed Rev. 3 to Reg. Guide 1.35 discusses the need for comparing, for individual tendons, the measured and predicted
lift-off forces. Such a comparison is intended to detect any abnormal tendon force loss which might occur. Recognizing that
there are uncertainties in the prediction of tendon losses, proposed Guide 1.35.1 has allowed specific tolerances on the
fundamental losses. Thus, the lift-off force acceptance criteria for individual tendons appearing in Reg. Guide 1.35. Proposed
Rev. 3. is stated relative to a lower bound predicted tendon force. which is obtained using the "plus" tolerances on the
fundamental losses.

There is an additional acceptance criterion for the lift-off forces which is not specifically addressed in these two Reg. Guides:
however, it is included in a proposed Subsection IWX to ASME Code Section XI. This criterion is based on the overriding
requirement that the magnitude of prestress in the containment structure be sufficient to meet the minimum prestress design
requirements. This design requirement can be expressed as an average tendon force for each group of vertical. hoop, or dome
tendons. For the purpose of comparing the actual tendon forces with the required average tendon (orce. the lift-off forces
measured for a sample of tendons within each group can be averaged to construct the average force for the entire group.
However. the individual lilt-off forces must be "corrected" (normalized) prior to obtaining the sample average. This paper

a-

derives the correction factor to be used for this purpose.

1. Introduction

The content of this paper addresses nuclear power
plant concrete containments which use large post ten-
sioned tendons to stress the concrete to specified com-
pressive stress levels. These specified stresses are a result
of the design requirements for the containment, such as
those specified in Article CC-3000 of the ASME Code
for Concrete Containments I I]. In practice, two or three
different groups of tendons are used to achieve this
condition. Independent groups of vertical. hoop and
dome tendons have been used in the past. More recent
post tensioned containments employ two basic tendon
groups. consisting of inverted U-shaped tendons for the
dome and wall in conjunction with hoop tendons in the

The stressing force in each tendon after seating or
anchoring is referred to as its "lock-of" force. This
force is usually between 0.70 F;,. and 0.75 F;,. F,, being
the specified minimum ultimate tensile strength of the
tendon times the tendon area. After each tendon is

stressed, predictable losses of force occur, which are
different for each tendon. There is a corresponding
decrease in the compressive stresses in the containment
wall and dome. Tendon surveillances are scheduled and
implemented periodically to measure the lift-off forces
in sample tendons selected from each group. The mea-

sured force is compared with that predicted for each
sample tendon to determine if an abnormal force loss
has occurred. Such an occurrence might signal a general
degrading condition affecting other tendons, or it may
be unique to the particular tendon. The extent to which
the situation should be evaluated depends on how much
less the measured force is from that predicted. The U.S.
regulatory requirements for tendon surveillances and
recommended procedures for calculating tendon losses

wall.

" Presented at Session J of the 6th International Conference on
Structural Mechanics in Reactor Technology. August 20.
1981.

0029-5493/82/0000-0000/$02.75 0 1982 North-Holland
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are given. respectively, in USNRC Regulatory Guide
1.35, Proposed Revision 3 (2] and in USNRC Proposed
Regulatory Guide 1.35.1 (3).

The compressive stresses in the containment wall.
and dome are a function of the average tendon force for
each group of wail and dome tendons rather than being
a function of the indij4dual tendonmfoame which com-
prise the group. The individual fotces'represent a varia-
tion about the average force. This variation is assumed
to be random. This implies that there would be only a
local distribution of consecutive tendons with an aver-
age force below the group average.

The overriding requirement for the tendons is that
they always produce compressive stresses in the contain-
ment which do not fall below their minimum required
values. Recognizing this, it is important to use the forces
measured from the sample of tendons within each group
to determine what the average force of all the tendons
within the group is expected to be. However. the average
force of the sample tendons within a group is not
expected to be indicative of the group average unless
two conditions are met: (i) the sample tendons had an
average lock-off force at original stressing equal to the
group average lock-off force, and (2) the stressing se-
quences for the sample tendons are symmetrically dis-
tributed about the mid sequence. Purposely selecting
tendons which meet these two criteria for each surveil-
lance removes the randomness in their selection. Hence.
it is desirable to provide a calculational procedure which
would allow the forces measured for a random sample
of tendons within a group to be used to obtain the
average force for the entire group. The development of
this procedure is the primary purpose of this paper.
Prior to this, however, it is necessary to review the
theory for predicting the tendon losses.

L Concrete stain and sress relaxadon

Predictable decreases in the tendon forces result
from contractional strains in the concrete, which cause
the tendons to shorten after they are stressed; and
relaxation of the stresses in the tendon, with no accom-
panying tendon shortening. The concrete strains result
from (1) the elastic shortening of the concrete due to
stressing of the tendons; (2) shrinkage of the concrete
occurring after tendon stressing: and (3) creep of the
concrete resulting from the concrete compressive stress
produced by the stressed tendons.

As a material property, creep is a function of (1) the
age of the concrete at loading; (2) the magnitude of the
compressive stresses resulting from loading; (3) the time

after loading; and (4) the temperature of the concrete.
In general. concrete shrinkage can result from both
drying and autogeneous volume changes. Stress relaxa-
tion of the tendon material is a function of (1) the initial
stress level; (2) the temperature, and (3) the time after
stressing. Elastic shortening of the concrete during
stressing causes the greatest elastic shortening of the
first tendons stressed within a group and the least for
the last tendofis stressed. The determination of these
properties is discussed in Proposed Reg. Guide 1.35.1
13).

For the purpose of calculating tendon losses in con-
tainmetats. the creep (t,,) and shrinkage (c) strains of
the concrete are assumed to affect all tendons within a
group equally. Functionally, they are

and

Cqh = ., h ) - , I(•,),

(1)

(2)

where
L is the compressive stress which causes the creep,
4, denotes the duration from the average concrete

placement date (of the wall or dome) to the average
stressing date (of the vertical and hoop tendons in
the wall, or the dome tendons),

,r is the time of interest, measured from the average
concrete placement date; r ý1, #,.
Thus. r - f, represents the time of interest aftr the

average stressing date of the tendon group.
Returning to eq. (1). the creep strain property is

usually taken to be linearly proportional to the stress f.
Consequently, the creep strain. ,,,. can be expressed in
terms of a so-called specific creep strain. c., which has
units of inches per inch per psi:

'(3)

For an arbiuay tendon i which is stressed as pan of
stressing sequence n of a total of N sequences for the
tendon group, the elastic shortening strain is

it 4

C,.eTE N N n (4)

where c' is the total elastic concrete strain after all
tendons within the group are stressed.

The stress relaxation. SR. is usually expressed as a
percent of its initial stress. For tendon i. SR is function-
ally.

SRj = SRj (f,;, T, i - -r.). (5)

This relationship indicates that the stress relaxation

O
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is a function of (1) the initial stress in the tendon. fý.
(2) its temperature T, and (3) the time of interest after
stressing the tendon. T'- ;,. Unlike the creep property
of concrete, the stress loss due to relaxation of the steel
is not linearly proportional to its initial stress. The
effect of the initial stress and temperature is illustrated
in fig. I.

From any curve in fig. I, it is evident that for times
greater than I year (8760 h), a =2 month variation
results in small differences in stres relaxauon,.In..prac-

Lice. the first tendon surveillance is scheduled..one year
after the Structural Integrity Test (SIT) of the contain-
ment. and the SIT usually does not take place for
several months or more after the post tensioning is
complete. Considering this in conjunction with the fact
that the post tensioning of a group of tendons is com-
pleted within 2 to 4 months. allows f, to be used for all
tendons within a group rather than the\%, for each
tendon. In other words, for the purpose of calculating

stress relaxation, it is sufficiently accurace to assume
that all tendons within a group are stressed on the
average stressing date for the group. Thus.

veloped at standard conditions of 0.70 F. and 70 = 26F.
Sometimes these data are scaled up to represent histori-
cal variations in the property of the material or to
account for the higher levels of initial stress and temper-
atures discussed above. Nevertheless. one stress relaxa-
tion curve is applied for all the tendons: that is. SR=
SR. Now the stress relaXation involves only time:

SR =SR(-r-f.). (7)

-It -. is within the framework of this current practice
that the expression for the correction to the individual
tendon forces is derived.-

3. Correction factor

It is possible to rewrite the time-dependent func.-
tional relationships of the previous secton by defining a
time. t, as the time of interest after the average stressing
date of the tendon group. That is. t = -- f,. Hence,

'o, =f.'W'(I).

SRj = SRI( fý 1 7, .'r - q.). '.h = ed' + 0 - (df.). (8)(6)
SR = SR(1).

I
From fig. I. the effect of initial stress and tempera-

ture is rather dramatic. The initial stress levels of 0.70
"p. and 0.75 Fp, could represent the range of lock-off
forces for actual tendons. Regarding the applicability of
data at temperatures of 68oF and 104°F. the contain-
ment is subjected to thermal conditions which probably
produce tendon temperatures ranging much lower than
68°F (after stressing, but prior to plant start-up) to
90OF or 1000F (in adjacent building penetration areas).
The usual practice is to use stress relaxation data de-

Consider the i th tendon, which was originally stressed
as part of the n th stressing sequence out of a total of N
stressing sequences for the tendon group. The force at
any time : after the average stressing date is denoted as
Ft(). This force is equal to the original stressing force
for tendon i, F,(O), minus the sum of its individual force
losses. AF. These are:

AF.' =9[N-MI ETAT=(T-AT [ NI
=AFT 

M n II IV

AFý =f,[,*(1)] ETAT = -%F.(')'

4
a

A F.'= Fi(O4ISR(() I.-
where ET is Young's modulus for the tendon, and AT is
the tendon area.

Thus, the force in tendon i at time : after the average
stressing date is

Fj (I) = F,(0) - F,(0) [ SR(,) A F.J [ E---" I
100 IV

MAdE IOtRl 140 YMi

Fig. I. Effect of initial stress and temperature on relaxation. -&F.(t) - %F.h(t). (10)

I
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From eq. (10), the factors which can make the force
in tendon i unique from other tendons within the group
are its force at original stressing and its stressing se-
quence. It is possible to add or subtract forces to tendon
i which will correct its force. F,(t). for known dit.
ferences between tendon i and the average tendon. The
average tendon is a hypothetica. tendon which would
have an original stressimg force- equal io thi av'erage of
the original stressing forces for all'tlc tendons within
the group. and it would have been stressed in the middle
of the N sequences. The force in this average tendon at
any time : is denoted as F,.(t). Actually. &,,(t) repre-
sents the expected average of the lift-off forces mea-
sured for all the tendons within the group at time t.
Thus. F..,,(I) is

all N stressing sequences within the group, i.e.

IV _nlý IA(= .1F.'T I N - IA F.T 2N (12)

Now, determine the force correction. C,, which when
added to F,(') will make the tendon force equal to

--F,;.(t):

F,,(1) + C. = Fa,.(,). (13)

Substituting the expressions for F1(t) and F14,(t)
given by eq. (10) and eq. (II). respectively, and solving
for C, results in

C, I) F.,O)- F. (0))41 - SR(:)

SR(,)
F..I)= F.() -F 'LO 100 ] -AF ZN .1 +FT4N -2n+ I. (14)

-,A&ý(I) - Fh(r). (11)
In eq. (1 I) the average elastic shortening loss term is

obtained by averaging the elastic shortening losses for

Reviewing the terms in C,(r):
[ F.ý,(O) - F,(O)] is the group average lock-off force at

oiiginal stressing minus the lock-off force for the specific
tendon.

Table I
Syimeuical distribution of x and F,(0) 0
Tendon survelUnce a& I=I* years afar initial stressing
At initial stressing: F.(O) =1431 kips. AF.1 =30 kips. N =21.
At = i : SR(#)=6%; therefore. [1 -SR(O)/1001=0.94,

C,(f*)=l,F,.(0)- F,(0i -SR(,')/l00]+ AF.,T[(N -2,, + 1)/2NIV

Tendon of F() F,,,(0) -- F,, (0) N2n+ C,') Measured Nomalizud
Tendn n F4() 4~0)-(O)2N

(kips) (kips) (kips) LOF LOF=
(kips) (3)+(4)

(1) (2) (3) (4) (kips)

I a 1438 0 0.476 14.3 1263 1277.3
2 21 1403 35 -0.476 18.6 1259 1277.6
3 3 1473 -35 0j8 -21.5 1299 1277.
4 19 1410 23 -0.381 14.9 1263 1277.9
S 5 1466 -28 01286 -17.7 1295 1277.
6 17 1420 I8 -0.286 8.3 1269 1277.3
7 7 1456 -- 1 0.190 -11.2 1288 1276.8
8 Is 1430 S -0.190 1.8 1276 1277.8
9 9 1446 -9 0.095 -4.6 1282 1277.4

10 13 1438 0 -0.095 --2.9 1280 1277.1
AVE it 1435 0 0 0 1277 1277

Asstune: Measured LOF Predicted LOF - eq. (10),
AFJr)+ AFA•()=60 kips.

Eq. (10): F,(u)= F,(0) 10.941- 30I(N - I )/N 1- 60 kips.
Eq. (I I): F,(t")= 1277 kipS.

I

i
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SR(i) is stress relaxation (percent) which occurs at
time i after initial stressing and is determined from the
property data.

. FT is the total elastic shortening tendon force loss
and is a constant.

n is the stressing sequence compnsmg the specific
tendon.

N is the total number of stressing sequences for the
group of tendons which comprise the specific tendon.

4. Examples

Three examples demonstrate the application of the
correction factor given by eq. (14) to a sample of 10
surveillance tendons with hypothetical lift-off forces
(LOF) measured at time i* after initial stressing. The
example in table I assumes that for the 10 sample
tendons their original stressing sequences and stressing
forces are symmetrically distributed about the average
values of n = I I and F,,(O) = 1438 kips. The example
further assumes that each LOF measured at the surveil-
lance is equal to its predicted value. The symmetry

assumption results in a condition in which the average
measured LOF for the 10 sample tendons, before nor-
malizing, is equal to the average force for all the tendons
in the group (12"77 kips), as would be expected. In
addition from table I. since the measured LOF for each
tendon happens to equal that predicted. then the nor-
malize~d force for each tendon is equal to the average
value of force for the entire group.
-. Table2 is &case where the original stressing se-
quences and forces for the 10 sample tendons are not
symmetrical about the group average values. Conse-
quently. the sample tendons and their surveillance LOFs
would not be expected to be representative of the entire
group of tendons. Here the average measured LOF
(1263 kips) is not equal to the value for F,,(:) of 1277
kips. However, since the measured LOF happens to
equal that predicted for each tendon, each normalized
force is equal to the group average value of 1277 kips.

Table3 is similar to table2 but is for a condition
more likely to be encountered in an actual surveillance.
The sample tendons are not representative of the entire
group in regards to their original stressing sequences
and forces; and the measured LOF's do not happen to

f 6

Table 2
Unsymmetrical distribution

Tendon surveillanc at i = sa yeas after initial stressing
At initial stressing: F.J(0)= 1438 kips, AFT=30 Dips. N =21.
At i =- *: SR(s*)-6%; therdfoe. (I-SR(t*)/l001=0.94.

C,(')[F,,(0)- F,(0)I1 -SR(I*)/1001+ AFJ[(N - 2n + I)/2N].

Tendon F FI(0) F..(O)- F.(0) N-2nI Cl($s) Measured Normalized2N
(kips) (kips) (kips) LOF LOF=

(kips) (3)+(4)
(1) (2) (3) (4) (kips)

1 5 1403 35 0.286 41.5 1236 1277.5
2 3 1415 23 0.381 33.0 1244 1277
3 10 141S 20 0.048 20.2 1257 1277.2
4 19 1430 8 -0.381 -3.9 1281 1277.1
5 7 1425 13 0.190 17.9 1260 1277.9
6 11 1417 21 0 19.7 1251 1277.7
7 Is 1403 33 -0.190 27.2 1250 1277.2
8 4 1450 -12 0.333 -1.3 1279 1277.7
9 5 1414 24 0.286 31.2 1246 3277.2

10 20 1470 -32 -0.429 -43.0 1320 1277
AVE 9.9 1425 13.5 0.032 14.3 1263 1277

Assume; Measured LOF= Predicted LOF - eq. (10),
.,F,(t')4- .1F,%(*)=60 kips.

Eq. (101: F,(i*)= F,(0) [0.941-301(N- n)/NI-60 kips.
Eq. ( 11; F,,)(t*) 1277 kips.
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Table 3
Measured LOF

Tendon surveillance at : =I years afer inital stressing
At initial stressing: F.,,(0)=1438 kips. %FT=30kips. .N-21.
At 1=*: SR(fa)=6%1. therefore. (I -SR(11)/1001=0.94.

C,(a')F.,,(0)-- F,(0)l -SRfR)/1001+ AF.T[(N -2n + 1)/2N).

Tendon X AM N-2n+l C1(0) Measured Normalized

(kips) (kips) (kips) LOF LOF=
(kips) (3)+ (4)

(I) (2) (3) (4) (kips)

1 5 1403 35 0.216 41.5 1245 1236.5
2 3 1415 23 0.3S1 33.0 1240 1273.0
3 10 1418 20 0.043 20.2 1320 13402
4 19 1430 8 -0.381 -3.9 1250 1246.1
S 7 1425 13 0.190 17.9 1285 1302.9
6 I! 1417 21 0 19.7 1230 1249.7
7 IS 1403 35 -0.190 27.2 129 13222
8 4 1450 -12 0.333 -1.3 1237 1285.7
9 5 1414 24 0.286 312 13,10 1341.2

10 20 1470 -32 -0.429 -43.0 300 1257.0
AVE 9.9 1425 13.5 0.052 14.3 1276 1290

agree with their predicted values. The average normal-
ized force of 1290 kips is greater than the predicted
group average of 1277 kips. which means that on the
average the sample tendons did not lose as much force
as predicted. Nevertheless, the surveillance tendons are
intended to represent a statistical sample of all the
tendons in the group, and on this basis 1290 kips would
be the average fome expected to exist for the entire
tendon group at time t*.

5. Summary and condusioeu

During each tendon surveillance, it is necessary to
compare to average tendon lift-off force for each tendon
group (vertical, hoop, and dome tendons each constitute
a tendon group) with the minimum average tendon
force required by the design. The lift-off forces mea-
sured for a sample of tendons within each group can be
used to construct the average force for the entire group
if the individual lift-off forces are corrected prior to
obtaining the sample average. This correction is neces-
sary in order to remove known force differences among
tendons resulting from differences in original Stressing
lock-off force and stressing sequence. If these dif-

ferences were to remain uncorrected. the sample average
force would not be indicative of the group average
force.

The correction factor. C,(t) given by eq. (14) is
added to each tendon life-off force within the sample
prior to obtaining the average tendon force for the
sample. From eq. (14), it is seen that C,(t) could be
different for each tendon; it is different for each suveil-
lance; and it may be positive or negative.
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SUMMARY OF LIFT-OFF FORCES

TABLE 1

CRYSTAL RIVER UNIT 3

10TH YEAR
ALLOWABLE LIFT-OFF SURVEILLANCE

TENDON END FORCE.(KIPS) LIFT-OFF AVERAGE
NUMBER DESIGNATION MAXIMUM MINIMUM FORCE (KIPS) (KIPS)

64H19 Field 1721 1249 1446
64H19 Shop ........... ... _1493 1470

13H20 Field 1721 1249 1460
13H20 Shop 1451 1456

5126 Field 1721 1249 1334
51H26 Shop 1487 1411

13H40 Field 1721 1249 1558
13H40 Shop 1383 1471

51H41 Field 1721 1249 1346
51141 Shop 1377 1362

Di05 Field 1721 1249 1413
D105 Shop 1492 1453

D212 Field 1721 1249 1260
D212 Shop 1292 1276

D328 Field 1721 1249 1602
D328 Shop ._ . _1635 1619

12VI Field 1721 1249
12V1* Shop 1535 1535

34V4 Field
34V4* Shop 1721 1249 1623 1623

56V2 Field
56V2* Shop 1721 1249 1648 1648

*Lift-off occurring at Shop end only

TP417ds
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20TH IYEAR SURVEILLANCE OF THE
POST-TENSIONING SYSTEM AT THE lorida
CRYSTAL RIVER NUCLEAR PLANT Power

we$ UNIT 3 CORPORATTON

V. TENDON LIFTOFFS AND DETENSIONING

A liftoff is performed on each surveillance tendon to monitor the force exerted by the tendon onto the
structure. PSC Procedure SQ 9.0 (Volume 2, Section 9, Appendix F) details the steps to be taken to
perform a liftoff. The results are documented on Data Sheet SQ 9.0 and are summarized in
Table VIII.

It should be noted that performing a liftoff has only a localized effect on a tendon; therefore, it is
acceptable to use the same jacks for both ends of a tendon by executing the liftoff on separate

occasions.

Vertical tendon lifloffs were found to be above the base value except for 12V1 which was above 95%
of base, and all dome lifloffaverages were above the base value.

Horizontal liftoffs revealed two isolated areas 42H30 to 42H36 inclusive and 51 H26, 51H27 where
average tendon lifioffs were between 90% and 95% of base value. One tendon 421135 was found to be
below 90% and detensioned for continuity test per FPC requirement. This continuity test revealed that
all of the wires were continuous, one wire was removed for testing and the tendon restored to base
value -0% +6%. All other tendons found between 90 and 95% of base value were subsequently
restored per procedure to base value -0% +6%.

These low liftoff results were documented on NCR's -010, 011, 012,.013, and 014 for 421130 - 36 and
NCR 005 for 51 H26.

All other tendon liftoffs were either above base value or 95% of base value and therefore acceptable.

The average normalized liftoff for each group, vertical, dome and horizontal, exceeded the minimum
required and is acceptable.

After completion of liftoffs, protruding wires were found to tendons 5 1 H26(l), 51 H27(2) and
62H46(2). These wires, once removed, were found to have broken behind the anchorhead. No
corrosion was found to indicate wire failure due to deterioration and it is suspected that slight tendon
head rotation while setting back down sheared the wires against the shims. In all cases the broken
wires were on the outer comer edge of the tendon bundle and no gauge movement was noted to
indicate failures during liftoff. These wires were probable "pinched" during original installation and
additional work on these tendons has broken the wires. NCR's FN604-003,007 and 015 recorded
these occurrences.

34
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20Thl YEAR SURVEILLANCE OF TIlE
POST-TENSIONING SYSTEM AT THE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

TABLE VIII: SUMMARY OF DATA SHEETS SQ 9.0
TENDON LIFTOFFS

Florida
Power
CORPO'1T1ON

TENDON END EFFECT. JACK PRESS. LIFTOFF AVE. BASE 95% 90% NORMALIZING ACCEPTWIRES No. LIFTOFF VALUE BASE BASE FACTOR

12VI SHOP/TOP 162 8833 4390 1471 1471 1530 1453 1377 -9 YES

23V2 SWAoP/TO 163 8778 4820 1609 1609 1482 1408 1333 37 YES

61V21 SHOPrTOP 163 8833 4550 1525 .1525 1482 1408 1334 38 YES

D113 SIIOP/2 163 8778 4267.5 1424.7 1427 1369 1301 1232 -35 YES

FIELD/6 163 8833 4265 1429 YES

D115 SIIOP/2 163 8778 4062.5 1356 1380 1347 1280 1213 -12 YES

FIELD/ 6 163 8833 4190 1404 YES

D212 SHOP/I 162 8833 3820 1280 1335 1317 1252 1186 15 YES

FIELD/3 162 8778 4160 1389 YES

D304 SIIOP/4 163 8778 4810 1605 1598 1397 1327 1258 -64 YES

FIELD/ 2 162 8833 4748 1591 YES

D311 SHIOP/4 163 8778 4220 1409.5 1408 1335 1269 1202 0 YES

FIELD/2 163 8833 4200 1407 YES



FM 6:-5 Exhibit 7

C C
20TH YEAR SURVEILLANCE OF THE
POST-TENSIONING SYSTEM AT THE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

page 8 of.l-9(

Florida
Power
CORPO1ATION

TABLE VIII: SUMMARY OF DATA SHEETS SQ 9.0 - TENDON LIFTOFFS

TENDON END EFFECT. JACK PRESS. LIFTOFF AVE. BASE 95% 90% NORMALIZING ACCEPTWIRES No. I JLIFTOFF VALUE BASE BASE FACTOR

42H!8 SIIOP/4 163 8778 4690 1565 1476 1495 1420 1346 -56 YES

FIELD/2 163 8833 4137 1386.5 YES

421-129 SIIOP/4 163 8778 4500 1502 1448 1445 1373 1300 -7 YES

FIELDI2 163 8833 4160 1394 YES

421130 SI OP/4 163 8778 4355 1454 1389 1469 1396 1322 -32 NO

FIELDI2 163 8833 3950 1324 NO

421131 SIHOP/4 163 8778 4100 1369 1338 1460 1387 1314 -21 NO

FIELD/2 163 8833 3900 1307 NO

421132 SIIOP/4 163 8778 4320 1442 1355.5 1452 1380 1307 -15 NO

FIELD?2 163 8833 3785 1269 NO

421133 SITOP/4 163 8778 4490 1499 1361 1474 1400 1326 -35 NO

FIELD/2 163 8833 3650 1223 NO

421134 SIlOP/4 163 8778 4240 1415 1377.5 1452 1380 1307 NO

FIELD/2 163 8833 4000 1340 NO
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Florida
Power
CORPORATION

TABLE VIII: SUMMARY OF DATA SHEETS SQ 9.0 - TENDON LIFTOFFS

TENDON END EFFECT. JACK PRESS. LIFTOFF AVE. BASE 95% 90% NOIRMALIZING ACCEPT

WIRES No. I I LIFTOFF VALUE BASE I BASE FACTOR__j

421135 SIIOPI4 163 8778 4110 1372 1296.5 1455 1382 1309 -17 NO

FIELD/2 163 8833 3693 1221 NO

421136 SIIOP/4 163 8778 4490 1499 1408 1503 1428 1353 -65 NO

FIELD/2 163 8833 3930 1317 NO

42H37 SHOP/4 163 8778 4310 1439 1401.5 1452 1379 1306 -14 YES

FIELD/2 163 8833 4070 1364 YES

421144 SI OP/4 163 8778 4510 1505 1471.5 1427 1356 1285 10 YES

FIELD/2 163 8833 4291 1438 YES

511125 SHOP/1 163 8833 4090 1370.5 1363 1401 1331 1261 38 YES

FIELD/5 163 8778 4060 1355.5 YES

511126 SHOP/1 163 8833 4190 1403.5 1320 1514 1438 1363 -75 NO

FIELD/5 163 8778 3705 1237 NO

511127 SHiOP/I 163 8833 3787 1269 1265.5 1368 1300 1231 71 NO

FIELD/5 163 8778 3780 1 262 1 1_______ NO
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4 T/20TII YEAR SURVEILLANCE OF TIHE
POST-TENSIONING SYSTEM AT THE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

TABLE VIII: SUMMARY OF DATA SHEETS SQ 9.0 - TENDON LIFTOFFS

Florida
Power
CO1PORATMON

TENDON END EFFECT. JACK PRESS. LIFTOFF AVE. BASE 95% 90% NORMALIZING ACCEPT
WIRES I No. LIFTOFF VALUE BASE] BASE I FACTOR

511128 SHOP/ 1 163 8833 4445 1489.5 1450.5 1518 1442 1367 80 YES

FIELD/5 163 8778 4230 1412 YES

53112 SHOP/5 163 9501 4400 1624 1611 1424 1353 1281 12 YES

FIELD/3 163 9501 4330 1598 YES

531-146 Sl OP/5 163 8833 4340 1454 1459.5 1472 1399 1325 -35 YES

FIELD/3 163 8778 4390 1465 YES

62H41 SHOP/2 163 8778 4230 1412 1426 1422 1351 1280 16 YES

FIELD/6 163 8833 4297.5 1440 YES

621146 SIOP/2 163 8778 4280 1429 1485 1465 1392 1318 -27 YES

FIELD/6 163 8833 4600 1541 1 YES
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25T1[ YEAR SURVEILLANCE OF TilE
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3 A Progress Energy Company

V. TENDON LIFTOFFS AND DETENSIONING

A liftoff is performed on each surveillance tendon to monitor the force exerted by the tendon onto the
structure. PSC Procedure SQ 9.0 (Volume 2, Section 9, Appendix F) details the steps to be taken to
perform a lifioff. The results are documented on Data Sheet SQ 9.0 and are summarized in
Table VIII.'

It should be noted that performing a liftoff has only a localized effect on a tendon; therefore, it is
acceptable to use the same jacks for both ends of a tendon by executing the liftoff on separate
occasions.

All dome tendon lifloffs were found to be above base value and acceptable. Vertical tendon liftoffs
were found to be above the base value except for 12V01 which was between 90% and 95% of base
requiring adjacent tendons to be tested. The adjacent tendons were both between base value and 95%
and therefore acceptable. Tendon 12V0 I was retensioned to base value -0%,+6% per procedure and
left as acceptable. Vertical tendon average (allowing for removal of tendons exhibiting anchorhead
rotation) was above the required minimum and acceptable. The low liftoff result for 12V01 was
documented on NCR FN750-016.

Horizontal liftoffs revealed one isolated area 461130 to 461138 inclusive where tendon liftoffs were
between 90W and 95% of base value, one tendon, 461136, was found to be below 90% of base value.
After testing, all the tendons in this area were subsequently restored per procedure to base value -0%
+6%. Of the other horizontal tendons tested (6 total) two were found above base value and four were
found to be between base value and 95%. After removal of horizontal tendons that exhibited
anchorhead rotation, average normalized horizontal lifloffs were above the required minimum and
deemed acceptable.

During liftoff, rotation of the anchorhead was noted to tendon D339. During subsequent detensioning
(as scheduled) a broken wire was discovered at the field end. This wire, once removed, was found to
have broken behind the anchorhead. No corrosion was found to indicate wire failure due to
deterioration and it is suspected that the tendon head rotation sheared the wires against the shims. The
broken wire was on the outer corner edge of the tendon bundle and no gauge movement was noted to
indicate failure during liftoff. This wire was probable "pinched" during original installation and
additional work on this tendon resulted in the wire finally breaking. NCR FN750-004 recorded this
occurrence.

27
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TABLE VIII: SUMMARY OF DATA SHEETS SQ 9.0
TENDON LIFTOFFS

00

TENDON END EFFECT. JACK PRESS. LIFTOFF AVE. BASE 95% 90% NORMALIZING ACCEPT

I WIRES No. I ILIFTOFF VALUE BASE BASE FACTOR

12VO0 SHOP/TOP 161 8783 4360 1446 1446 1528 1451 1375 -9 NO

12V02 SF1OP/TOP 163 8783 4660 1546 1546 1599 1519 1439 -80 YES

23V24 SHOPITOP 163 8783 4587 1521.8 1521.8 1527 1451 1374 -9 YES

45V14 SHOP/TOP 163 8833 4650 1552 1552 1580 1501 1422 -61 YES

61V08 SHOP/TOP 163 8783 4450 1476 1476 1494 1419 1344 23 YES

461121 SIIOP/6 163 8783 4166.6 1381.4 1388 1446 1374 1302 -12 YES

FIELD14 162 8833 4180 1394.7

461129 SHIOP/6 159 8783 4060 1345.9 1407.1 1427 1356 1284 8 YES

FIELD/4 159 8833 4400 1468.3 1

461130 SI IOP/6 162. 8783 4200 1392.6 1355.6 1442 1370 1298 -8 NO

FIELD/4 161 8833 3953 1318.7

461131 SHOP/6 163 8783 4073 1350.2 1343.3 1456 1383 1311 -22 NO

FIELD/4 161 8833 4006 1336.5 1

461132 SIlOP/6 162 8783 4180 1385.9 1366.8 1455 1382 1308 -22 NO

FIELDI4 163 8833 4040 1347.8
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TABLE VIII: SUMMARY OF DATA SHEETS SQ 9.0 -TENDON LIFTOFFS

'0O

TENDON END EFFECT. JACK PRESS. LIFnOFFI AVE. BASE 95% 90% NORMALIZING ACCEPT

I WIRES No. LIFTFOFF VALUE BASE BASE FACTOR

461133 SHOPI6 163 8783 4200 1392.6 1357.8 1450 1378 1305 -17 NO

FIELD/4 163 8833 3966 1323.1 1 1 :

461134 SIIOP/6 162 8783 4200 1392.6 1424.7 1521 1445 1369 -86 NO,

FIELD/4 163 8833 4366 1456.9

461135 SIIOPI6 163 8783 4240 1405.9 1376.8 1459 1386 1313 -25 NO

FIELD/4 163 8833 4040 1347.8

461136 SHIOP/6 163 8783 4080 1352.5 1343.5 1497 1422 1348 -63 NO

FIELD/4 163 8833 4000 1334.5

461137 SHIOP/6 162 8783 3700 1225.7 1293.45 1414 1343 1272 20 NO

FIELD/4 161 8833 4080 1361.2

461138 SI10P/6 163 8783 4093 1356.9 1353.4 1459 1380 1307 -19 NO

FIELD/4 162 8833 4046 1349.9

461139 SIHOP/6 163 8783 4146 1374.6 1356.2 1410 1339 1269 23 YES

FIELD/4 163 8833 4010 1337.8 1 1 1 1 - ___
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UNIT 3 A Progress Energy Company

TABLE VIII: SUMMARY OF DATA SHEETS SQ 9.0 - TENDON LIFTOFFS

0

TENDONI END EFFECT. JACK PRESS. i LIFTOFF AVE. BASE 95% 90% NORMALIZING ACCEPT
WIRES No. I LIFTOFF VALUE BASE I BASE FACTOR

531116 SHOP/5 163 8752 4560 1498.2 1475.4 1496 1422 1347 -63 YES

FIELD/3 163 8783 4380 1452.7

621102 SIIOP/6 163 8752 4473 1469.4 1551.6 1466 1393 1319 -33 YES

FIELD/2 163 8833 4970 1633.9 1

621109 SIIOP/2 163 8752 4346 1427.3 1431.8 1420 1349 1278 13 YES

FIELD/6 163 8752 4373 1436.3

D126 SHOP/NEAR 3 163 8833 4180 1394.7 1376.9 1345 1278 1211 -18 YES

FIELD/NEAR 5 163 8783 4100 1359.2

D212 STIOP/NEAR I 162 8783 3813 1263.4 1292.2 1311 1246 1180 15 YES

FIELD/NEAR 3 162 8833 3960 1321.1

D339 SIIOP/NEAR 5 163 8783 4560 1512.8 1507.3 1439 1367 1295 -111 YES

FIELD/NEAR 1 163 8833 4500 1501.8
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DOCUMENT TITLE: FINAL REPORT FOR THE 30" YEAR CONTAINMENT IWL INSPECTION

PROJECT TITLE: 30'" YEAR TENDON SURVEILLANCE AT CRYSTAL RIVER DATE: 01124108 POWSSI
8.0 TENDON LIFTOFFS

3 8.1 MONITOR TENDON FORCES

8.1.1 A liftoff is defined as the force required to lift the anchor head off the shim stack and is representative of the
force held by that tendon. A liftoff is performed on each physical surveillance tendon to monitor the force
exerted by the tendon onto the structure. PSC Procedure SO 9.0 in Appendix F details the steps taken to
perform a liftoff. The results were documented on Data Sheet SQ 9.0 and are summarized in Tables 40
thru 45.

8.1.1.1 It should be noted that performing a liftoff has only a localized effect on a tendon; therefore, it is
acceptable to use the same jack for both ends of a tendon by executing the liftoff on separate
occasions.

8.1.2 All of the vertical and dome tendon liftoffs were found to be above the minimum design and above 95%
Predicted Force as required by IWL-3221.1. Three of the five horizontal surveillance tendons were found
to be below 95% Predicted Force but above 90% Predicted Force. The liftoff requirement stated in IWL
is:

3Tendon forces are acceptable if:

(a) The average of all measured tendon forces, including those measured in IWL-3221. I (b)(2),
for each type of tendon is equal to or greater than the minimum required prestress specified
at the anchorage for that type of tendon;

(b) The measured force in each individual tendon is not less than 95% of the predicted force
unless the following conditions are satisfied:

(1) the measured force in not more than one tendon is between 90% and 95% of the
predicted force;

(2) The measured forces in two tendons located adjacent to the tendon in IWL-
3221.1(b)(1) are not less than 95% of the predicted forces; and

(3) The measured forces in all the remaining sample tendons are not less than 95%
of the predicted force.

8.1.3 Based upon the unacceptable horizontal tendon liftoffs, adjacent tendons were monitored for force until
an acceptable liftoff reading was obtained on both sides of the selected tendon 13H36 required testing
of 5 adjacent tendons, 46H21 and 62H30 also required testing of five adjacent tendons. Of these
tendons, six were above 95%, five were between 95% and 90% and four fell just below 90%. All tendons
below 95% were restored to Predicted Force - 0%, + 6% and locked off. The restoration of these
tendons is summarized in Table 46.

8.1.4 The average of the As-Found normalized liftoff values was above the minimum requirement, despite the
low liftoffs, and deemed acceptable per PSC Procedure SQ9.0 Section 10.4.

8.1.4.1 The average normalized tendon force in Unit 3 for each group and their respective minimum design are-

Vertical Tendon: Group Average = 1535.2 Kips Minimum Design = 1149 Kips

Hoop Tendon: Group Average = 1347.4 Kips Minimum Design = 1252 Kips

Dome Tendon: Group Average = 1367.3 Kips Minimum Design = 1215 Kips

8.1.4.1.1 As depicted above, all group averages are above the required group minimum and are therefore
acceptable. The actual values for each tendon and its corresponding group are summarized in
Table 47.

8.1.5 Upon completion of the liftoff, a visual verification is performed to identify any changes in the condition of
the tendon end. No additional or broken wires were noted during or after liftoffs.

I
I
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I
I
I
I
I
I
I
I

TO- 147 16 8784 1559q.95~

12V0. RNA 1372 NO YEL
~~ a .

TOP 14750 161 8784 1455995
142V20 1455995 1525 1449 1372 NO 0 YES

BOT 4.00 158 N/A N/A

TOP 13.50 163 8780 1458059
61V08 150 1507 1432 1357 NO YES

BOT 4,00 163 N/A NWA

TOP 13.00 163 8784 1580598
6IVO7 1580598 1491 1416 1342 NO I0 YES

BOT 4.00 163 WtA N/A[

BTO 120.0 161 8784 1500.18

2T 2l 5.7 16 88 146

12V1l 1580.18 1459 1423 1348 NO 0 YES
BOT 4.00 163 N/A NA0.

I T 12.5 163 -870 1459.80

4SV20 1456.80 1507 14329 1357 YNS 0 NOE

BT 6.00 163 8784 134408

61O8 TO 13.00 163 8784 1505'98 558 19 41 32 N E

51H34 1385230 1484 1410 1338 N YES 5 N

BT3 7500 163 8780 142663

TT 2 5.75 163 8784 154.640
62H1 N 1580.63 1458 13423 131 NO 0 YES

.T 4,T6.00 183 8780PS 15709.80 -MNTRN EDýF1RL4

BT4 5 .75 163 8780 1319.05
1 80 1

5US H4 1447 147 113 13 N E
815~ ~~~~ 7.0 13 870 194

816~~ ~ 67163.0c130

I
I
I
I
I
I
I-
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I
I
I
I
I
I
I
I
I

BT1 ,00!TABUE42 163 8784 N13190.35 ýIOýqo# qOf

IQ- w w
z~~~ upWW Z

BT 3 w .7 13 870 I30.5

B3 . '- 3 .78 > >i, b
I- u.- -

BT 3 6.25 162 8780 1289.16
01329 1264 1287 1223 1159 NO 0 YES

ST 5 600 161 8784 1290.12

BT 1 638 162 8784 1259.76
D212 127781 1305 1240 1175 NO 0 YES

BT3 8.50 162 8780 1295.87

BT 7.00 13 8780 1527.21
D238 151153 13.48 1281 1213 NO 0 YES

8T6 6 00 163 8784 14958.5

-43-13H3 - -- - - - -- -

TABLE d~ Fk ,-

13H33 1306-46 1366 1298 1229 NO YES
BT 3 6.75 163 8780 1302.57

BT 1 7.00 1163 8784 1350.83
1 3H34 1388.61 1475 1402 1328 YES NO

81T 3 7.00 163 8780 1386.39

BT 1 6.56 163 5784 1249.64
13H35 1244.25 1373 1304 '1235 YES NO

ST 3 638 162 8780 1238.87

BT 1 6.88 163 8784 1367.69
13H37 1289587 1368 1299 1231 YES NO

BT3 5.75 163 8780 1212.05

STi1 6.50 163 8784 1411.54
13H38 1395.05 1444 1372 1300 NO YES
I1T 3 7.00 163 8780 1378.571L]

I
I
I
I

I
I
I
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INII: i-I IL

E
w
'S.I I I-I

IOU

t§

a

U
4

.Lb 0.:.

id

U..~

CL

U)
t OwUs IZ
ý -8luaw

ii
U.

I
I
I
I
I
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BT 4 7.00 13 8780 1352.87
46H19 1358.61 1402 1332 1262 NO YES

BT 6 7.50 163 8784 1364.35

BT 4 675 160 8780 1269,04
46H20 1298.13 1467 1394 1321 YES NO

BT 6 725 163 8784 1327.22

BT 4 5.75 183 8780 1315.98
46H22 1311.48 1488 1412 1337 YES NO

BT 6 8.38 163 8784 1306.98

BT4 6.00 181 8780 1336.10
46H23 1329 97 1425 1354 1283 YES NO

8T6 5.75 163 8784 1323.85

BT4 6.75 163 8780 1419.92
46H24 1425.85 1472 1398 1325 NO YES

5T 6 7.50 103 8784 1431.78

- - BE;5 - - -DJCNS Q. - -MO - ~f4--TIEID..N ---iR

_ IL .

BT2 650 163 8780 1366.28
62H29 1369.63 1421 1350 1279 NO YES

BT 6 6.38 163 9501 1372.98

BT 2 6.25 163 8780 1269,04

62H31 1269.04 1475 1401 1328 YES NO
BT 6 8.00 163 NWA N/A

6T 2 700 183 8780 1332.75

62H32 1332.75 1455 1382 1310 YES NO
BT 6 650 163 N/A N/A

BT2 6.19 163 8780 1242.22
62H33 1313.39 1461 1388 1315 YES NO

BT 6 650 162 8784 1384-56

BT 2 7.00 163 8780 1393.10
62H34 1378.71 1432 1360 1289 NO YES

BT 6 6875 162 8784 1364.32

I
I
I
I
I
I
I
I

* TENDON NOT ACCESSABLE AT BUTTRESS 6.



I FM 6.5 Exhibit 7 page 19 of 19

I
I
I

I DOCUMENT NUMBER: CR-N1002-504 REVISION: 0 PAGE: 40DOCUMENT TITLE: FINAL REPORT FOR THE 30' YEAR CONTAINMENT IWL INSPECTION VMrý
PROJECT TITLE: 3 0 'H YEAR TENDON SURVEILLANCE AT CRYSTAL RIVER DATE: 01/24/08 pu=

Ir ý I .;.. . 'ýi#S_. T..kt "F.ý" rRPSMORT11'ýD ',kt - pEBLE;46: J. , -.'
M, PM 1 4

I
z

azw

AS-FOUND LFTOFF RESTORATION

U

4 Ii .j Il-

Lu w
-I
U
4
I-
IA'a-
C)
C)
4I

I
I
I
I
I,
I
I
I
I

ST 1 8784 1350.83 8784 1479.00
13H34 1368.61 1508.13 1475 *2.2% YES

BT 3 8780 1388639 8780 1537.27

BT 1 8784 1249.64 8784 1411.54
13H35 1244.25 1417.40 1373 *3.2% YES

BT 3 8780 1238.87 8780 1423.27

BT 1 8784 1344.08 8784 1546.46
13H36 1385.23 1555.27 1484 *48% YES

BT 3 8780 1426.63 8780 1564.09

BT 1 8784 1367.69 8784 1394.68
13H37 1289.87 1415.68 1368 +3.5% YES

BT 3 8780 1212.05 8780 1436.69

BT 4 8780 1269.04 8780 1488.98
46H20 1298.13 1494.79 1467 *1.9% YES

BT 6 8784 1327.22 8784 1502.61

BT 4 8780 1319.34 8780 1503.74
46H21 1330.02 1501.49 1441 *4.2% YES

ST 6 8784 1340.71 8784 1499-24

BT4 8780 1315.98 8780 1567.45
46H22 1311.48 1538.40 1486 +3.5% YES

BT 6 8784 1306.98 8784 1509.35

ST 4 8780 1338.10 8780 1486.98
46H23 1329.97 1481.30 1425 *4.0% YES

ST 6 8784 1323.85 8784 1475.62

BT 2 8784 1249.64 8780 1443.39
62H30 1290.84 1467.71 1413 +3.9% YES

BT 6 9501 1332.05 9501 1492.014

BT 2 8780 1269.04 8780 1488.98
621131 1269.04 1488.98 1475 +0.8% YES

BT 6 NIA N/A NIA N/A

ST 2 8780 1332.75 8780 1497.04
62H32 1332.75 1497.04 1455 +2.9% YES

BT6" N/A N/A NWA N/A

BT 2 8780 1242.22 8780 1488.98
62H33 1313.39 1494.79 1461 +2.3% YES

8784 1384.56 8784 1502.61I
* TENDON NOT ACCESSABLE AT BUTTRESS 6 - RESTORATION ONE END ONLY,

I
I
I
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REFERENCE VENDOR DRAWINGS (PRESCON CORPORATIONI

5EX7-003-P-1

5EX7-M03-P- 2

5EX7-403-P-3

5EX7-003-P-4

5EX7-003-P-5
5EX7-M43-P-6
5EXT7-O3-P-7

5EXT-403-P-14

FX07-043-P-15

5EX7-OO3-P-16

5EX7-003-P- 17

SEX7-O03-P-18

5EX7-003-P-19

5EX7-M03-P- 32

5EX7-0O3-P-33

5EX7-003-P- 34

5EX7-0O3-P-35

5EX7-003-P-36

5EX7-003-P-37
5EX7-Me3-P-38
5EX7- 03- P-39
5EX7- 443-P-40
5EX7-0 3-P-41
5EX7-M43-P-42
5EX7-0O3-P-43

04- 60" FROM EL. 80'-6" TO EL. 142*-0*,
60'-120' FROM EL. 80'-6" TO EL. 142'-@'.

120'-180" FROM EL. @'-6" TO EL 142'-0".

18e*-2404 FROM F.. 80'-6" TO EL. 142'-0",

240'-300' FROM EL 8'-6" TO EL. 142'-0"

3W4' - 0' FROM EL. 80'-6" TO EL 142'-0".
VERTICAL ANCHOR LAYOUT AT EL 80'-6"

04- 60N FROM EL. 142*-0V TO ELý 192'-@'

60-120" FROM EL 142'-ZV TO EL. 192'-0g

120"-1R8W FROM EL, 142'-0" TO EL. 192'-0'

180"-24M' FROM EL 142'-0" TO EL- 192'-0".

240-34" FROM EL. 142'-0- TO EL. 192'-0-.

3W' - 0' FROM EL 142*-V" TO EL 192'-@'.

@'- 60" FROM EL 192'-@" TO EL. 232'-O"

64"-120" FROM EL. 192'-0" TO EL 232'-@'.
12W-180' FROM EL. 192'-0" TO EL. 232'-@"

1804-240' FROM EL, 192'-0 TO EL. 232'-0'
240"-300' FROM EL. 192'-e" TO EL 232'-0'.

300' - 0' FROM EL. 192'-0" TO EL. 232'-0,
VERTICAL TENDON PLACEMENT (EL. 232'-0- TO EL. 267'-6")
VERTICAL TENDON PLACEMENT (EL 232:-@4 TO EL. 267'-6-)
VERTICAL TENDON PLACEMENT (EL. 232 -0 TO EL. 267T-6)

VERTICAL TENDON PLACEMENT (EL. 232'-0" TO EL 267'-67 )
VERTICAL TENDON PLACEMENT (EL. 232'-Z4 TO EL. 267'-6-)

VERTICAL TENDON PLACEMENT (EL. 232"-04 TO EL. 267'-6-)

-T-SE %AT

TESTED 67454r

VERTICAL TENDON LAYOUT PLAN 9g-

KEY PLAN

NUCLEAR SAFETY RELATED
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RBTN-51H47 EL 248*-9 3/4'

R66N-51H46 EL 245'-7 1/2"

RB69N-516H4 EL 219"-3"

RBTN-51H43 EL 236'-0 3/4"

R6TN-51-42 EL 232"-10 1/2'

RBTN-5lH40 EL 226'-6'

R661-51939 EL 223-3 3/4"

RBTN-51438 EL 220'-I 1/2"

RBTN-51H36 EL 213 -9"

RBTN-51H35 EL 210-6 3/4-

240"
• BUTTRESS NO 5

300"

d BUTTRESS NO 6

C R9TN-51.33

Re1N-51632

RE1-51431

6619-51H30

9819-51H92

360"

i BUTTRESS NO 1

EL 204 -2 1/4"

EL 20"-@"

EL 197-9 3/4"

EL 194'-7 1/2'

EL 191-5 11/"

0

R991-51H24 EL 175 -2 3/4"

RB6N-51H22 EL 1689-8 3/4'

RBTN-51H21 EL 165 -5 3/4"

R66N-51H20 EL 162'-2 3/4"

RBTN-51H19 EL 15a'-11 3/4"

RBTN-51H18 EL 155-8 3/4"

R8TN-51H17 EL 152'-5 3/4"

RBN--51H16 EL 149*-2 3/4"

RBTN-51HI5 EL 145'-lI 3/4"

R9TN-5614 EL 142'-8 3/4"

RBTN-51HI3 EL 135'-5 3/4"

R6TN-51H92 EL 136'-2 3/4"

RB6N-51H9 EL 126-5 3/!"

R6TN-51H8 EL 123'-2 3/4"

RBTN-51H7 EL 119-11 3/4'

RB61-51H6 EL 116'-8 3/4"

R6TN-51H5 EL 113'-5 3/4"

RBTN-51H4 EL 110-2 3/4"

R66N-51H3 EL 16'6-11 3/4"

RB66-51H2 EL 183'8 3/4"

RO9N-51H1 EL 98'- 9 3/4"

- ----- -------------- ± i -iit----
-i - - - -- - -- -- -- --

. . ... . . ... .- -------$ L -- -

-------- ------------------ -t --t---------- -

- - --- -------------

I I I

------------------- -

--- ---------------- 111 ------------- ---- --

.--- ------------ - ..
------------- ------- - -----

_' -. "o 0" 0 0 000_0

--- I---------------------------------------------------------- ---- ------------------------ -- - -- -- -- -- -- -- -- --------

-. - . . . . . . .. .- 1- -
................... - -.. .. ... . . ..... .. . . . - - ------- -- - - - - -'-

-i - - - O --- - - -------I - . . . . . . . . . .- '- -

o------------- ------------ -------- 1- - - o- .-o--- -• ---o .... - ------- - -o -- - --- - - •-

-I - - - - - - - -- "------------------------- ------------------- -I-

....--.... __-- - -- - -- -

-~~~ - ---- --- ----

RBTN-51H47

RB6l1-51H46

EL 248'-9 3/4"

EL 245'-7 1/2"

:t : 7 ' 4-

REFERENCE VENDOR oWGPage 2 of 7
IPRESE1CONCOPORATIONI

5EX7-O03-P-12 HOOP TENDON PLACEMENT
240" TO 300' EL 94'-5 3/4" TO 143-9 3/4'

5EX7-003-P-13 HOOP TENDON PLACEMENT
3006 TO 360' EL 94'-5 3/4" TO 143-9 3/4"

5EX7-003-P-24 HOOP TENDON PLACEMENT
240' TO 300" EL 143'-9 3/4" TO 198"-10 1/2"

5Ex7-oo3-P-25 6OOP TENDON PLACEMENT
300' TO 360" EL 1453-9 3/4" TO 198'-10 1/2"

5EX7-003-P-30 HOOP TENDON PLACEMENT
240" TO 300" EL 198'-10 1/2" TO 2486-9 1/4"

5EX7-003-P-31 HOOP TEN00N PLACEMENT
300' TO 360' EL, 198--10 1/2" TO 2489-9 1/4"

RBTN-51H44 EL 239 -3"

RBTN-51H43 EL 236-0 3/4"

RB61-51H42 EL 232"-10 1/2"

R6TN-51H40 EL 226*-6'

RBTN-51H39 EL 223'-3 3/4"

R9TN-51H38 EL 220'-1 1/2"

RBTM-51H36 EL 213 -9"

R66N-51H35 EL 210'-6 3/4'

R6TN-51H33 EL 2046-2 1/4"

R8TN-51H32 EL 201-0"

RBTN-51431 EL 1971-9 3/4"

R6TN-516H3 EL 194-7 1/2"

RBTN-51H29 EL 191-5 1/4"

6619-3"921 EL '84'-13 3'4"

RBTN-5IH24 EL 175'-2 3/4-

RBTN-51H22 EL $68-8 3/4"

RBTN-51H21 EL 165-5 3/4"

RBTN-51H20 EL 162'-2 3/4"

RBTN-51H19 EL 158'-I1 3/4"

R6T6-51H68 EL 155-8 3/4"

RBTN-51H17 EL 152"-5 3/4"

R6TN-51H16 EL 149'-2 3/4"

RBTN-51HI5 EL 145ý-lI 3/4"

RBTN-51H14 EL 142'-8 3/4"

R9T1-51H13 EL 139'-5 3/4"

R8TN-51912 EL 136'-2 3/4"

RBTN-51H9 EL 126'-5 3/4"

RBtN-51H8 EL 123-2 3/4"

RBTN-51H7 EL 119'-11 3/4"

RBTN-51H6 EL 116'-8 3/4"

RBTN-51H5 EL 113*-5 3/4"

RBTN-51H4 EL 110'-2 3/4"

RBTN-51H3 EL 106'-I1 3/4"

RBTN-51H2 EL 103'-6 3/4"

RBTN-51HI EL 98'- 9 3/4-

A

TES'.. -1

6 Nt

12 248"

KEY PLAN

NUCLEAR SAFETY RELATED F

G

I ]SWOPE.I 0

REVISIONS

NUCLEAR ENGINEERING

ioao CRYSTAL RIVER

%OO• UNIT 3

FLORIDA IWE/IWL INSPECTION
POWER HOOP TENDON -51- LAYOUT
CORPORATION "6

99Jý459 1 3JJ365 I

H

Ii. 1 11 S-425-009 ILI
-4- L"""" " -" L"" """" 8-

1 2 j 3 5 I 18

1 1 1 2 i 3 1
5 

1 7 I a I 10



1 1I 3 14 1 5 1 & 1 7 1 I 9 1 IIi l N
FM

8

.5 Exhibit 8

R4TN-1-4H45 EL 240'-3

RBTN 4444 E. 237'-

R8TN-64H43 EL 233'-H

4419 64H41 EL 227'-6

46N-6444o EL 221'-4

R615 6434" EEL, '83 -'

3341-6-44,6 4' 374

R8TN--44325 EL 16'-93

4434-64526 EL Il9l4

986645EL 176' 3 3/

18 RE
t. BUTTRESS NO 4 240'

iBUTTRESS NO 5

C

300.
ý[BUTTRESS NO 6

I . I Ii I L- I .... ....I , I
--- - I-- ---- -------------------- ---------- -----I -K -1- - -I --

3/4" --- -- I RB 4 -64H45 EL 24'05 33/4"

/2 - - - - - - - - - - - - - - - - -- - - R8TN-64H44 EL 237--1 1/2"

1/4' RBTN-64H43 EL 233"-I1 1/4,"

~_j- , -: -.... .. . .• , LL I -l' I , ,3/4- [-~" - - --- - - 0 R4TN-64H47 EL 227'- 3/4"

1/2 ReT4 -64H24 EL 224'-4 3/2"

/4" RBTN} 6'4 H2"' f6'334

-' 4 -- . . . -.. . . . . .. - -, -. -, - - -, - - - - - - - - -

- -V ---- -- - IL ----------- ------ -- --- -- RETI-s, E- s /3

- - --1 - --" - - -,o -,. u_

34 -- --I O " -- - - R - 1 t

J-- -I - -- - - - -------------------------------- -- ---------- - - 3'156 424413

3/4"~ ~ -- . . .-B 641 -L -4'- - 3/-4"- -

•/""~~ - - - -- -'- " - - -- -- -- -- -- H -L -197-6 . ',

K------------- 12--------------------- --- 4T-9 4L 3

,fi ------------------------------------------------- 565~'"' 4-21'

/3" C -- ----- . ..--. - - - -- -RTN-64H27 EL 182-9 3/4-

/4" -- - -- - - - - - - - - - - - - - -- -- 0 RTN-64H62 E 14'-6 3/4"

/j"-'----------------------- RBTN-64H25 EL t76'-3 3/4"

Iii

, --- ------ .. ---- -- - - -- - - - - - - ------- - - ------ 3--14"

- - - -I - - - - -- " -~ -I - -I Iý 16 t /

3/4~ - - - - - - - - - - -1- - -I - 4- 4496 L3 4 3 f4-3/ '

3/4" --- -- ' -- - - - -- - -___- 41-64434 EL 353'-6 3/4-

3/'- - -j -69643 EL -4- 3/4"-- - - - -

3/4" - - - - - - RB-- - - - - - - - - -44 H76 43 EL 337b-3 3/4"
3/4"___- --- --- -- -- -- -- --- - - --- - 49643 -. -3- 3

3/4" -7 -- + -~ - - - - -- - R 441-644346 EL 347-6 3/4"

3/4' F--Rý""- + - 41-64433 EL143'-9 3/4'

-3/4 R8T0- - 4N-64514 EL 124W-6 3/4-
3/4" - - - - - - - - :- - -- - - -- - - - - - ---------- RT- L17- /

3/4' -5 -- --- - - ------- --- --- --- -- -- -- -- -- --- 4416-64442 EL 1343-0 3/4"

3/-+ý - - - - - - - - - - - -4 419-44 EL 337 9 3/4'

3 ~L - - - - - - - - - - - - "-I 4419-4 EL 124 -3 3/4"
/4"' -- - - - -- - -I --48-4- -

/4' " -" 9- 4 - -I"l -4 - -~4 - - - - - - - - - - --- 4 - --- "~ -'"T 00 - "--"*- - - -- -- - - - - --------- -64H4 EL 1214-4 3/4'

/4" --- .,r -W5 - - -- -- -- -- -- -- -- ----- 4- R41-64H3 EL 114-6' 3/4-

Q304-" - ----------------- ----------------- - - 4434-6442 EL 1114-53/4'

- - - - -- ,,,,,±,,,, 4419-6443 EL 144-13/4'

Page 3 ot 7

4EFEREN4E 4ENDOR D54S
(PRESCC9 404P44A3I4N2

180' 30 244' EL 94'-5 3/4" TO 143'-9 3/4'

5EX7-003-P-12 HOOP TENDON PLACEMENT
240" TO 340' EL 944-5 3/4" TO 143'-9 3/4'

5EX7-003-P-23 HOOP TENDON PLACEMENT

340" TO 240' EL 34'-9 3/4" TO 1039-1 3/2'

5EX7-003-P-24 HOOP TENDON PLACEMENT

240" TO 240" EL 143'-9 3/4" TO 198'-10 1/2"5447-843-P-24 4005 TENOON PLACEMENTI

5EX7-003-P-29 HOOP TENDON PLACEMENT

180" TO 240' EL 198'-10 1/2" TO 248'-9 3/4"

5EX7-003-P-30 HOOP TENDON PLACEMENT

240" 134' .EL 109-10 1/2" TO 244-9 3/4"

16PTIO4 UAW

SNf

92 II 2 4 "

I1 1 40-

I
180"

KEY PLAN

NUCLEAR SAFETY RELATED

E

F

R1TN-64H18

ROTN - 64H 17

RBTN-64H46

RBTN-64H 5

RBfN-64HI4

R8TN-64H13

RGTN-64HI2

R8TN-64HII

RBTN-64H9

RBTN-64H8

ROTIN-64H7

RBIN-64H6

RBTN-64H5

RBTN-64H4

RB4N-64-3

EL 153 -62

EL l54-3 2

EL 147'-0

EL 143' 9

EL 140'-6

EL 137'-3

EL 134'-0

EL 130'-9

EL 124'-3 3

EL 1213-0 3,

EL 117*-9 3,

EL 114' 6 3,

EL Ill'-3 3/

EL 18'-0 3

EL 104'-9 3

G

I IUED KR D. -. 1

IEVISIONS

NUCLEAR ENGINEERING

CRYSTAL RIVER
UNIT 3

FLORIDA IWE/IWL INSPECTION

POWER HOOP TENDON "64" LAYOUT

C 3/943A8"3'-0" HH RBTN-64H2 EL 100'- 5 2

RBTN-64HI EL 94'-5 3/

~iI iKS-425-0081
3 

I D I 14I
I I 5 8 1 lo



1 1 2 1 3 8 1 9 1 10 KEY NO
2 I 3 8I ii 8I 1 E NI

FM 3.5 Exhibit 8 120"
tBUTTRESS NO 3

180*
{BUTTRESS NO 4

240'
tBUTTRESS NO 5

B

C

R8TN-53H47 EL 247'-9"

R45N-53H45 EL 241 -4 1/2"

48' 4 '7 : 1ý

R8TN-53H43 EL 235: 0'

RETN-53H42 EL 231 *9 3/4"

RBTN-53H41 EL 228' 7 1/2"

R2TN-53H39 EL 222'-3'

RBTN-5334 EL 219'-- 3/4"

RB8N-53137 EL 215"-.1 /2"

R81 -53H36 EL 212'-8 1/4"

R8TN-53H26 EL 180'-7 3/4"

RBTN-53H25 EL 177' 4 3/4"

RB14-53H23 EL 170'-10 3/4'

RBTN 53H22 EL 167 -7 3/4"

RBTN-53H21 EL 164'-4 3/4"

R8TN 53H28 EL 161'-I 3/4'

RBN-53H19 EL 157-10 3/4"

RB4N-53H18 EL 154'- 7 3/4"

RBn9-53H17 EL 151'-4 3/4"

0!

_----------H-----

---- ----- ---- ---- - - - "------------- --- H-
K- - - - - - - ------ - -

2-------------2SI

RBTN-53H45

R8TN-53H43

R8T•N-53H 2

RBTN-53H41

R8TN-53H39

R8TN-53H38

R4TN-53H37

R4TN-53H36

RBN 53H47 EL 247'-9"

-1 -- - -- - - -- -

-- iii'

-- TI'

--"I---
-------------------------------------- 1-

D

EL 241'-4 1/2"

EL 235-8"

EL 231'-9 3/4"

EL 2289-7 1/2"

EL 222'-3"

EL 219-0 3/4"

EL 215'-10 1/2'

EL 212'-8 1/4"

E

F

RBTN-53H15

RB2-53H14

RBN-534I3

PBTN-53.12

R4TN-53H4I1

RBTN-53H4O

RBRTH-53H9

ROTN•-53H8

RSTN-53H7

R8TN 53H6

RBTN-53H5

R8TN-53H4

RBTN-53H3

EL 144'-19 3/4

EL 141' 7 3/4"

EL 138 4 3/4"

EL 35' -I 3/4"

EL 131-10 3/4"

EL 12'-7 3/4"

EL 125'-4 3/4"

EL 122"-I 3/4"

EL 114-1I 3/4"

EL 115'-7 3/4"

EL 112 -4 3/4'

EL 109-I 3/4'

EL 15 -10 3/4"

- -- - ---. -

-- -- P-"--

I , 1 I I

4" --

--- ---- -- --- -------

-----------

--'- -I-----------------1~

% " ii " '_ _""_-

- - - -" - - - - - - - -

--- ------------ --- --
-0 0 0

-I - -- -- --
-- - -- -- ---- ------ --4 - ---

ý:p /P -7I

Y- - - -- -- -- - ---- -- -- ------

0

RBTN-53H26 EL 180'-7 3/4'

RB4N-53H25 EL 177' 4 3/4"

RBTN-53H23 EL 170'-10 3/4"

RB5N-53H22 EL 167-7 3/4"

RBTN-53H21 EL 164-4 3/4"

RBTN-53H24 EL 161'-1 3/4"

RBN-53H19 EL 157' 10 3/4"

R8TN-53H19 EL 154'-7 3/4"

R8TN-53H17 EL 151'-4 3/4"

R8TN-53H45 EL 144'-18 3/4"

RBTN-53HI4 EL 141'- 7 3/4"

RBTN-53H13 EL 138-4 3/4"

RB5-53H42 EL 135'-1 3/4"

R42--53H1 EL 131 -1 3/4"

RBTN 53H81 EL 128'-7 3/4_

82TN-5349 EL 125'-4 3/4"

45N-453H4 EL 122' - 3/4"

R4TN-53H7 EL 118-14 3/4"

RB4N-53H6 EL 115'-7 3/4"

RBTN-53H5 EL 112-4 3/4"

45TN-5354 CL I89-I 3/4"

RBTN-53H3 EL 105-18 3/4'

Page 4 of 7
REFERENCE VENDOR OWOS
(PRESCON CORPORATION)

5EX7-003-P-10 HOOP TENDON PLACEMENT
120' TO 180' EL 94'-5 3/4" TO 143' -9 3/4"

5EX7-003-P-11 HOOP TENDON PLACEMENT
18"' TO 240' EL 94"-5 3/4" TO 143'-9 3/4"

5EX7 803 P-22 HOOP TEN3ON PLACEMENT
12V TO5 188" EL 143' 9 3/4" TO 198--10 1/2"

5EX7-803-P-23 H00P TENDON PLACEMENT
180" TO 240" EL. 143'-9 3/4" TO 198'-10 1/2"

5EX7-003-P-28 HOOP TENDON PLACEMENT
120" TO 180' EL 198'-10 1/2" 90 24'-9 1/4"

5EX7-03 -P-29 HOOP TENDON PLACEMENT
180" TO 240' EL 198'-1@ 1/2" TO 248'-9 1/4"

TESTED SAT

6•" 4 •

98"- 278"

12 "48"

180'

KEY PLAN

NUCLEAR SAFETY RELATED
F

A

I I I I
I IS - p. D. I ,,- I

I 6 8 n-1OG

REVISIONS

R26%OL NUCLEAR ENGINEERING

CRYSTAL RIVER)UNIT 3

FLORIDA IWE/IWL. INSPECTION
POWER HOOP TENDON -53- LAYOUT
CORPORATIONI

C98P88510Y, ~-~---H

I

111 -L, S-425-007 I i.I'
-"I ,"=48-4--448"-," - """"

2 I 5 I 6 7
2 i 3 i 4 I 5 6 1 7 1 a I 9



F

1 1 2 1 3 1 4 I 5 I 6 I 7 8 9 I 1 KEY NO

M 3.5 Exhibit 8 60" 120" 1 e* Page 5 of 7
. BUTTRESS NO 2 t BUTTRESS NO 3 ý BUTTRESS NO 4

REN-42H47 EL 28'- 3/4- --- - - --------- - --- -------- - - ----• ---- - -42H47 EL 248'-9 3/4" ( HOOPTENDON.........

5E-7-.03-P-T HOOP TENDON PLACEMENT A

R4TN-42H45 EL 242-5 1/4" ---.. .. P1TN-42 45 EL 242-5 I/4" 5EX7-003-P-10 HOOP TENDON PLACEMENTR [ 1204 TO 14" EL 94'-5 3/4" TO 143 -9 3/4"

S. --- --. <2 5EX7-003-P--21 HOOP TENDON PLACEMENT

RTN-42H42-0 3 EL 234-03/4 7t REIT-42-3 EL 236'-@ 3/4" 60' TO 120' EL 143'-9 3/4" TO 198'-10 1/2"
5EX7-403-P-22 HOOP TENDON PLACEMENT

RBTN-42H42 EL 232-TO 1/2" -- RBTN-42H42 EL 232'-)@ 1/2" 120 TO 1801 EL. 143"-9 3/4" 0 1908'-10 1/2"

1-41 EL 229-8 1/4- - - -- -- --- -- -- --- ---- 4241 EL 229-81/4 5EX7-3-P-27 HOOP TENDON PLACEMENT
RBT -42 41 EL 29- - -- L - 1-Z - R TN-42 41 L 2 9'8 I4" 60 ' TO 120 ' EL 19 B - 10 1/2 ' TO 248'-9 1/ ,T"

[ 5E 7-03 -P-28 HOOP TENDON PLACEMENT

441-4239 EL23-3/4 I I1204 T0 180- EL. 198'-10 1/)- TO 248'-9 1/4' 8RBITN-42-39 ILL 223"-3 3/4" -- -- - - RBTN-42H39 EL 223'-3 3/4"

_- -- - - - - - - L--

-
I 

-. - -- 
-- - - -- - 1 - / 2-

I- I

RBTN~-42425 EL 178-53/" [] I - - - - - -- - - - - -TN-- - - 00-42H385 EL4178-5 /'"

RBTN-423204< 2L150>-2 3/0$" 8 1L

-BN422 -L -6'- 3/- -] -- -- 
R-N422 -L -6'- -3/4-L-" - - - -- -

- - - 1-- - --- -I- I - -- 4-4.-- -2 0. EL 1652- e m/4" '3I I I' N T

-- " 
-- 

2---I 
- ---

D 001--------- ------ ----- ---- --- --- -- -- -- -- -- -- - - - - - T -

RBTN-4229 EL 15-11 3/4"- - - ----------- - - - ---------------- --- RTN-42H1 EL 178'-11 3/44

RBTN-42H26 EL 1475-2 3/4" M - - - - - - - - - - - - - - - - - - - - - - --- -I -• - - --. -. . .- - - - -t- RBTN-42H24 EL 1795-2 3/4" 80

RBT N--42H15 EL 171'-l11 3/4" - -- - - - - -. - -• -- -E -PLAN I - - - - - - - - - - - - I3N 4 H 3 I l 1

RB7N-42H22 EL 1394-5 3/4"- - -------- -------- -- - --419 RBTN-42H22 EL 169-5 3/4" Nt- 15 5 34 - - - - - -TN--42H -E 
7 1 ' 

- -2 
3/0"

R4TN-42H21 EL --25-5 3/4" -- ------- -- - -- --- - ---------I-- ---- - - 0 R4TN-42H21 EL 1652-5 3/4'

- --- ~~~~~~~~~~~~~--- -------- -- - -- ------ --- - - - - - - - - -0 . - 270

RBTN-42H49 EL 125'-1 3/4"- - - - - - - ------ - - -TN-42H-9 EL - -'-- 3/4-

- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - . 2 I 240"

R4BM-42H47 EL 1252-5 3/4 - ------------- --- - - -R8 -. . -TN- 412H417 EL 152-5 3/4"

- - - - /-- -- - - - - -- - - - - - - - - - I 144-

RBT8-42414 EL 11'-23/4" --- I RTN-42H46 EL 149'-2 3/4"

R4TN-42H415 EL 15'-l 3/4" -- - RTN-42H45 EL 145-11 3/4" KEY PLAN

4BTN-42H24 EL 102'-8 3/4" .- - RBT--42H24 EL 142'-8 3/4'

__I POWR OOPENON "2 LAOU

4410-42413~RT-41- ELI( - - - -" "- N 24 EL 130'-5 3/4"

4B-40-2H123 EL 1396-5 /" -~""~""'".".... 81-21 L1 3/43/' NUCLEAR SAFETY RELATED
REF-21 EL2 13'- 3/4 ROT-o4. EL 11(3 -2I

RB10-42H14 EL 132-11 3/4" 0 - - - - - - - - -------------- L32113/,

4400-42H14 EL 129'-8 3/4"---- ---- - - -- --- - - - RB10-42H14 EL 129-8 3/4"

.oP,.s,.P,,,9S-425-006-I-

4810-0289 EL 12' -5 3/4' - 0 R449-42411 EL 132 -1 3/4'

4910-042H4 EL 123'-2 3/4 RBTN./-4248 EL 123-2 3/4" I 499,6 464R 019-.1. .

O 8910IN-42 7 EL 11-18133/4" -SN4H EL 9 1 /'
-BN4H 74410-4207 EL 1169-8 3/4" REVISIONS0 98. O *14 4

4819-4240 EL 113.-s 3/40- - - - - - - - - - - - - - - - - - --" -K- -_ -- i 4609I,-1s IL 113'-5 3/4- ..b NUCLEAR ENGINEERING
R410-42H4 EL 10-2 3/4" 0 -- -- - - - - - - - - - - - -- - - - - - - - - - - - --- 4810-02H4 EL 110'-23/4- 0"P REVSIg.

48090244EL 14'23/0 441-429 Li 11-2 34" 0I 0 CRYSTAL RIVR

4410-42H3 EL 146'-Il 3/4" - ------ --- -- -- -- -- -- -- --- --- --- -- -- -- -- -- - - - - - -0243 EL 146*-lI 3/0403/ UNIT 3

4909-042H EL 103'-8 3/4" 0 O ---- -- -- -- -- -- -- -- - -- --- -- - - - - - - -40 %1--2H2 EL I.3-T! 3/4- FLORDA [EILINSPECTION

U., H H- . HOOP' TENDON "42" LAYOUT

S~ I~ S-425-006
1 2 3I 6 I 1



2 1 4 1 5 1 9 7 1 8 1 9 1 10 KYN I

FM

A

B

C

D

i.5 Exhibit 8

RBTN-13H45 EL 240-3 3/4"

RBTN-13144 EL 237'-I 1/2'

R8TN-13H42 EL 230'-9"

RB9N-13H41 EL 227'6 3/4"

662N--13639 EL 221 -2 1/4"

RBTN 13H31 EL 195-8 1/4"

RBTN-13H3@ EL 192 -6"

R6TN-13H29 EL 1894-3 3/4'

R49N-13428 EL 186'-@ 3/4"

RBTN-13927 EL 182'-9 3/4"

RBTN 13H26 EL 179-6 3/4"

RBTN-13H25 EL 176'-3 3/4"

RBTN-13H24 EL 173'-@ 3/4"

RBTN-13H23 EL 169-9 3/4"

R99N-13H21 EL 163 -3 3/9"

RBTN-13H19 EL 153'-6 3/4"

RBTN-IJH17 EL 150-3 3/4'

R67N--13916 EL 147"-0 3/4'

RT6N-13H15 EL 143'-9 3/4'

RBTN-13611 EL 140'-6 3/4"

R7TN9 13413 EL 137-3 3/4"

RB9N-13H12 EL 134'-0 3/4"

RBTN-13H61 EL 130'-9 3/4"

RBTN-13H9 EL 124'-3 3/4"

RBTN-13H8 EL 121'-0 3/4"

RBTN-13H7 EL 117' 9 3/4"

RBTN-13H6 EL 114'-6 3/4"

RB9N-13H5 EL 111'-3 3/4"

RBTN-13H4 EL 108-0 3/4"

R9TN 13H3 EL 104 9 3/4"

R9TN-13H2 EL 100'- 5 3/4"

RB99-13H1 EL 94 -5 3/4"

- I - . .. . .. .. .. . . . .. . . . IT T I I I I ... . . .. .-- ---- - ---- -- 1

-~ -6 ----- -TRT-13642

- - - RBTN -13H41

-r . .. . I - -- - -- I..

- - - I-- I . ..t t.. .'. .. . . ..
- - :- -- _- -96 -4-5-

-- -- - . .. -- -- - -- RBTN-13H25 E

S----------
-R----------------------H±-

LL_--------------------- ----------- C

-- - - -• -. . . . . .. .-T T T ... .. .. .. . .. . . .. . . . . i- .... - -- - - - -

--------- -- -- -- -- -- I-I- -- -- -- -- -- ------- -- -92-39

I .- - - - -- -. -- - - - - - I - -- 13

I ----- F ---------------- -14).

- - -- - -. .- -.- -.- -. .-. .- - .- -.-.- - .L -. .-. .- -.- -.- -. .-. .- -.- -. RBTN- 13H6 E- ------------ ---- -- ----- .........

----------------------- ~6------------------ RT-9992I34

R- 993-136171

-- - - - - - - - - - - - - R -13H2 - `T

------------------ T ----------------- RBTN-13,H1 E

-I--- --- - - - ------- - - - --- - ---------------------- 3--

"""--- - - - - - - - -------------------- T9 -1'j- R69TN-13H13I

-- -~4 -"'1 -" -94, 0 I 139- - - --9T-

0!q c c c -_ -..-, - -. - 992- 131-114
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EL 195-8 1/4'
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EL 186'-0 3/0"

EL 182'-9 3/4"

L 179'-6 3/4"

C 176 -3 3/4'

L 173' 0 3/4"

L 169"-9 3/4"

1 163'-3 3/4"

909980 W90A

Page 6 of 7
REFERENCE VENDOR oweS.
(PRESCON CORPORATION0

5EX7 03 4P-8 HOOP TENDON PLACEMENT
0' TO 60' EL 94'- 5 3/4" TO 143'-9 3/4"

5947-993-4P-9 HOOP TENDON PLACEMENT
60' TO 120' EL 94-5 3/4" TO 143'-9 3/4'

5EX7-603 P-20 HOOP TENDON PLACEMENT
0' TO 60' EL 43'-9 3/4" TO 198-10 1/2"

5EX7-413-P-21 HOO4 TENDON PLACEMENT
60' TO 120' EL 143-9 3/4" TO 198'-10 1/2"

5EX7-003-P-26 HOOP TEN6ON PLACEMENT
0' To 60' EL 196'-10 1/2" TO 248"-9 1/4"

5E67-003-P-27 HOOP TENDON PLACEMENT
60' TO 120' EL 198'-10 1/2" TO 2482-9 1/4"

60' 300"

902• 270"

90" 0

120 240"

180"EL 153'-6 3/4"

EL 150'-3 3/4"

EL 147'0 3/4"

EL 143"-9 3/4"

EL 14' -6 3/4"

EL 137'-3 3/4

EL 134'-0 3/4"

EL 130'-9 3/4"

L 124'-3 3/4"

121' -0 3/4"

L 17-9 3/4'

- 114'-6 3/4"

L 11 V-3 3/4"

L 108'-0 3/49

L 104'-9 3/4

100'- 5 3/4"

KEY PLAN

NUCLEAR SAFETY RELATED

NUCLEAR ENGINEERING

H

94'-5 3/4'

I I 4 I
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RBTN-62H47 EL 2

R68N-62H45 EL 2

R8TN-62H44 EL 2

R98T-62H43 EL 2

RBTN-62H42 EL 2

RBTN-62H40 EL 2

R98N-62H39 EL 2

RBTN-62H38 EL 2

R99N-62H37 EL 21

R8TN-62H36 EL 2

RBTN-62H35 EL 2

8 30"

J BUTTRESS NO 6

360"

i BUTTRESS NO 1 • BUTTRESS NO 2

0)

E

F

RBTN-62H28 EL

RB6N-62H27 EL

RBTN-62H26 EL 18

R8TN-E2H25 EL 17

RBTN-62H24 EL 17

R8T8-62H23 EL 67

RB8T-62H22 EL 16

R6TN-62H21 EL I

RTN-5-2H20 EL I

R8TN-6291 9 EL

R6TN-62HI98 EL 1

RBTN-62H17 EL

R889-6218E EL

RB9N-62Hl1 EL 1

RBN-62H16 EL I

RBTN-62HI EL I

RBTN-62Hl7 EL Ii

R1TN-62H7 EL I

RBTN-62H6 EL 11

RBTN-62H5 EL 1

RBTN-62H4 EL 10

RBTN-62H3 EL 10

RBTN-62HI EL 96
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EL 247'-9'

EL 241- 4 1/2"

EL 238-2 1/4"

EL 235-08

EL 231'-9 3/4"

EL 225 -5 1/4'

EL 222 -3'

EL 219'-6 3/4'

EL 215'-1e 1/2"

EL 212'-8 1/4

EL 209-6"

EL 187 -1 3/4'

EL 183'-1t 3/4'

EL 180'-7 3/4"

EL 17114 3/,4

EL 174'-1 3/4"

EL 173-10 3/4'

EL 17T-7 3/49

EL 164'-4 3/4"

EL 161'-I 3/4"

EL 157'-10 3/4"

EL 154'-7 3/4"

EL 151'- 3/43

EL 148"-1 3/4"

EL 144'-10 3/4"

EL 141'-7 3/4'
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REFERENCE VENDOR 06G5
fPRESCON CORPORATION.}

5EX7-003-P-6 HOOP 8EN0ON PLACEMENT
0' TO 606 EL. 94-5 3/4" TO 143'-9 3/43

5EX7-003-P-13 HOOP TENDON PLACEMENT
300' TO 360' EL. 94'-5 3/4- TO 143'-9 3/43

5EX7-003-P-20 HOOP TENDON PLACEMENT
0' TO 608 EL 143'-9 3/4" TO 198'-10 1/2'

5EX67-83P-25 3OOP TENDON PLACEMENT
300' TO 3608 EL, 143'-9 3/43 TO 198'-16 1/2'

5EX7-883-P-26 HOOP TENDON PLACEMENT
06 TO 60' EL 198'-10 1/2' TO 248-9 1/4_

5EX7-oe3-P-31 HOO6 TENDON PLACEMENT
300' TO 360' EL 198'-0 1/2" TO 248'-9 1/43

68Nt38

98'. ~'i 278'

28 I I 48

886'

KEY PLAN

NUCLEAR SAFETY RELATED

0

B

E

c

F

A

EL 135'-1 3/4"

EL 131+-10 3/f

EL 128'-7

I I II
I I6.6 6 899-1 I •

REVIA.I8S

G

EL 118-10 3/49

EL 115ý-7 3/4"

EL 112'-4 3/4'

EL 109-1 3/4"

EL 105-10 3/43

EL 96'-l 3/4'

IQ-0 Vo

FLORIDA
POWER

NUCLEAR ENGINEERING

CRYSTAL RIVER
UNIT 3

IWOPENDO INSPECTION

HOOP TENDON "62" LAYOUT

H

.i.C I L"B I M I "ý'Vgt I

.s L8110j_ S-425-010~K
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FM 6.5 Exhibit 9 page 1 of 15

25T11 YEAR SURVEILLANCE OF TIlE r
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3 A Progress Energy Company

VIII. COMPARISON WITH ORIGINAL INSTALLATION DATA

A comparison of the liftoff forces from this surveillance to the original installation lock-off forces is
made in an effort to detect any evidence of system degradation. The lock-off forces are compared in
order to detect any abhormal force loss which would possibly indicate an underestimation of the creep,
shrinkage and/or elastic shortening effects in the Containment Building.

The losses for the tendon groups were found to be 9.14% for the vertical tendons, 15.81% for the
horizontal tendons and 14.34% for the dome tendons. Based upon the results from other facilities these
losses are as expected for a containment of this age and do not indicate any degradation of the system.

A regression analysis was conducted on each of the tendon groups and the graphs are shown on the
following pages along with the input data for force, test dates and age (time stressed). All three analysis
show each group remaining above the minimum requirements well beyond the next surveillance period.
Projections to 40 years after installation (38 years of plant life) show a vertical value of 1516 kips against
a minimum requirement of 1149 kijps. A horizontal projection of 1374 kips against a minimum of 1252
kips and a dome projection of 1373 kips with a minimum requirement of,1215 kips. Due to large scatter
in the as found one and three year horizontal liftoff values they were rem o'.ed from ihe computation.
This is acceptable due to the large number of data points available and the weighting in the analysis for
latter data points

A review of previous surveillance data indicated that the current common dome tendon was in fact
retensioned during the tenth year and a new common tendon should be selected. In addition, the vertical
tendon was retensioned during this surveillance and this group should also have a new common tendon
selected. With only two points to plot (sixteenth year and twenty-fifth) the horizontal common tendon
projection does not have enough points to provide extensive indications of trend. However, current value
remains slightly (less than 1%) below the regression curve.

Analysis o'f the regression curves, required minimum design forces and Crystal River base value
calculations brought into question the "low" values found on several horizontal tendons, both during this
surveillance, and the previous one. Acceptable normalized group averages, and ultimately the regression
curve, was obtained despite nine of the horizontal tendons and one of the vertical tendons being below
the expected base value at liftoff (subsequently retensioned to base -0% +6%). This base value is
calculated by Florida Power to determine expected liftoff forces based upon a theoretical series of losses
evaluated in 1980, which, based upon the collected data from this surveillance, appear to be
underestimated. Liftoffs falling below 95% of the expected value require additional adjacent liftoffs to
determine the extent of the lower than expected forces.
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25TI! YEAR SURVEILLANCE OFTIlE
,POST-TENSIONING SYSTEM ATTlE Florida Power
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3 A Progress Energy Company

VIII. COMPARISON WITHI ORIGINAL INSTALLATION DATA

An evaluation of the base values being used to determine acceptable lifloffs seemed to reveal large
differences for each group. A plot was made of each group to show forecasted regression projection,
base value, 95% of base value (which determines an increase in scope) and the design minimum.

Forcast, Base and 95% Base. - Vert.

1800 -

1700 -=
16 00 _ _ __,_ _

1800 -I I--+4-Regression Forecast

El =# Dcsign Minimum.
--*-Calculated Base

S -41--95% Base
1300 ,-., -

1200

1100
0 10 20 30 40 50

Time in Years

The vertical graph shows the 40 year regression analysis forecast tendon force (shown in dark blue) of
1510 kips at about the same value as the calculated base line (1516 kips) with a minimum design value
of 1149 kips. A base value at this level would cause an increase in scope for tendons falling 5% beyond
projected, however, these tendons could still be almost 350 kips above minimum requirements. The
base line value should be an indication of significant deterioration and at this time appears to be too
high for vertical tendons.
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25TII YEAR SURVEILLANCE OF TIHE
POST-TENSIONING SYSTEM AT THE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

Florida Power
A Progress Energy Company

VIII. COMPARISON WITii ORIGINAL INSTALLATION DATA

Forcast, Base and 95% Base. - Hoop.

1600

1550

1500

14 5 0 "4-- Regression Forecast
1400 Design Minimum.

--*-Calculated Base
r. 1350 -,04-95% Base

1300

1250

1200

0 10 20 30 40 50

Time in Years

Similarly with horizontal tendons. The base line at 40 years (1420 kips) is already above the
regression line for the horizontal group which has projected below this point from year 10. This
regression line at 40 years of 1374 kips is still 120 kips above the required minimum of 1252 kips.
The inflated base line could result in additional scope for tendons falling as little as 2 % below the
regression curve.
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25T!! YEAR SURVEILLANCE OF TIlE
POST-TENSIONING SYSTEM AT THE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

, Florida Power
A Progress Energy Company

VIII. COMPARISON WITH ORIGINAL INSTALLATION DATA

Dome projections appear to be far more realistic with a regression forecast of 1373 kips, a base
value of 1308 kips and a design minimum of 1215 kips. This allows the base to be at a limit to signal
tendons with potential deficiencies in sufficient time for corrective action without causing a continual
increase in scope, or the possibility of falling below the design minimum.

Initial review of the Crystal River calculations used in both the 6th and 7th surveillance projections
would appear to indicate relaxation values based on an operating temperature of 680F. It is quite
conceivable that actual containment temperatures, particularly above roof level in summer may reach
twice that level with a subsequent increase in relaxation.

Having reviewed the as found liftoffs, the regression analysis, and the current method of calculating
expected tendon forces it is our recommendation that base values for future vertical and horizontal
surveillances be adjusted to a more realistic relaxation value. In addition, the regression curve should
be considered with the base value set to signal abnormal results allowing investigation or remedial
action to tendons performing well below the norm. The regression curve produced during the next
surveillance will be used to confirm that the group averages are performing as expected and will still
provide acceptable values beyond the current life of the plant. I ,
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25T!I YEAR SURVEILLANCE OF TIlE
FlPOST-TENSIONING SYSTEM AT THE Florida Power

CRYSTAL RIVER NUCLEAR PLANT
UNIT 3 A Progress Energy Company

TABLE XII: COMPARISON OF ORIGINAL LOCKOFF FORCES TO AS FOUND FORCES

.TENDON LIFTOFF FORCE LOSS PERCENTAGE AVERAGE

ORIGINAL @ 25 YEARS (kips) % PERCENTAGE

12V01 1675 1446 229 13.67

12V02 1699 1546 153 9.01

23V24 1634 1522--1 112 6.85 9.14

45V14 1697 1552- 145 8.54

61V08 1598 1476 122 7.63

461121 1653 1388 265 16.03

461130 1641.5 1356 285.5 17.39

461131 1654.5 1343 311.5 18.83

46H32 1635.5 1367 268.5 16.42

..,,' 461133 1648.5 1358 290.5 17.62

461134 1702 1425 277 16.27

461135 1654.5 1377 277.5 16.77 15.81

461136 1677.5 1344 -333.5 19.88

46H37 1657 1293 364 21.97

461138 1635 1353 282 17.25

461139 1601 1356 245 15.30

531116 1638.5 1475 163.5 9.98

621102 1633 1552 81 4.96

621109 1639 1432 207 12.63

D126 1634 *1377" 257 15.73

D212 1600 "1292 "" 308 19.25 14.34

D339 1639 ,1507 '- 132 8.05
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25THI YEAR SURVEILLANCE OF TilE
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3 A Progress Energy Company

e.,RE, NALSA

REGRESSION ANALYSIS DATA

TENDON TENDON TEST ORIGINAL AGE
NUMBER FORCE DATE STRESS (TIME STRESSED)

12V02 1546 11126/01 10/14/74 27.118

23V24 1521.8 11/27/01 1017/74 27.14

45VI4 1552 9/10/01 10/3/74 26.936

61V08 •1476 9/7/01 10/10/74 26.909

23V02 1609 11/27/97 10/2/74 23.153

61V21 1525 12/20/97 9/19/74 23.251

34V06 1590 11/8/93 10/11/74 19.076

56V15 1541 11/24/93 9/20/74 19.178

61V14 1587 11/9/93 10/11/74 19.079

34V04 1623 11/2/87 10/8/74 13.067

56V02 1648 10/29/87 10/14/74 13.04

12V01 1315 10/9/81 9/13/74 7.071

34V06 1600 10/6/81 10/11/74. 6.987

34V19 1640 10/07/81 10/01/74 7.016

45V16 1575 10/06/81 10/03/74 7.008

56V11 1565 10/06/8! 9120/74 7.004

61V05 1519 10/09/81 9/13/74 7.071
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25TIl YEAR SURVEILLANCE OF TIHE
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT AgEym

UNIT 3 A Progres Energy Company

REGRESSION ANALYSIS DATA

TENDON TENDON TEST ORIGINAL AGE

NUMBER FORCE DATE STRESS (TIME STRESSED)

34VO 1569 3/27/80 9/11/74 5.542

23V05 1580 3/28/80 914174 5.564

12V12 1718 4/3/80 10/15/74 5.468

56V01 1707 4/3/80 8/30/74 5.594

56V20 1630 4/1/80 10/9/74 5.479

45V06 1685 4/11/80 10/2/74 5.525

12V20 1740 4/11/80 1/28/75 5.205

12V20 1785 12/12/77 1/28/75 2.874

23VI5 1589.5 12/12/77 9/23/74 3.218

34V06 1590 12/8/77 10/11/74 3.159

45V03 1678 12/9/77 9/30/74 3.191

56V01 1718.5 12/9/77 8/30/74 3.277

12V19 1589.5 12/13/77 9/9/74 3.26

12V21. 1632.5 12/13/77 9/10/74 3.257
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25Ti YEAR SURVEILLANCE OF TIlE
POST-TENSIONING SYSTEM AT TIlE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

)Florida Power
A Progress Energy Company

REGRESSION CURVE

Forcast and 95% Conf. - Vert.

1800

1700

1600."

1500 -- FORCAST

1400 -- A-DESIGN MIN.

1300

1200

1100
0 10 20 30 40 50

Time in Years

FORCAST 95%
YEARS (kips) CONFIDENCE.

1 1714 1642
3 1655 1615
5 1628 1599
10 1591 1565
15 1569 1537
20 1553 1515
25 1541 1498
30 1532 1483
35 1523 1470
40 1516 1459
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25TIl YEAR SURVEILLANCE OF TIHE
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT A Progress Energy Company

UNIT 3

REGRESSION ANALYSIS DATA

KJ

TENDON TENDON TEST ORIGINAL AGE

NUMBER FORCE DATE STRESS (TIME STRESSED)

461121 1388 10/3/01 217/75 26.654

461130 1355.6 10/22/01 2/12/75 26.69

461131 1343.3 10/13/01 2/13/75 26.663

461132 1366.8 10/13/01 2/27/75 26.621

461133 1357.8 10/12/01 2/13/75 26.66

461134 1424.7 10/10/01 2/27/75 26.613

461135 1376.8 10/9/01 2/14/75 26.649

461136 1343.5 10/6/01 2/27/75 26.602

461137 1293.5 10/9/01 2/17/75 26.64

46H138 1353.4 10/11/01 2/26/75 26.619

461139 1356.2 10/11/01 2/18/75. 26.643

53H16 1475.4 11/11/01 3/25/75 26.63

621102 1551.6 11/9/01 3/7/75 26.673

621109 1431.8 11/23/01 1/31/75 26.814

421118 1476 11/13/97 3/4/75 22.692

421129 1448 11/25/97 2/12/75 22.784'

42H30 1389 11/24/97 2/28/75 22.733

421131 1338 11/22/97 2/13/75 22.772

421132 1355.5 11/13/97 2/28/75 22.703

42H33 1361 11/22/97 2/14/75 22.769

421134 1377.5 11/24/97 2/28/75 22.733

421135 1296.5 11/25/97 2/14/75 22.778

421136 1408 11/25/97 2/27/75 22.739

421137 1401.5 11/26/97 2/17/75 22.772
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25Thl YEAR SURVEILLANCE OF THlE
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT A e rC

UNIT 3 A Progress Energy Company

REGRESSION ANALYSIS DATA

TENDON TENDON TEST. ORIGINAL AGE

NUMBER FORCE DATE STRESS (TIME STRESSED)

42H44 1471.5 11/12/97 2/26/75 22.706

511125 1363 11/10/97 1114/75 22.823

51H26 1320 11/5/97 3/19/75 22.657

511H27 1265.5 11/9/97 1/8/75 22.837

51H28 1450.5 11/11/97 3/18/75 22.649

531-102 1611 1/14/98 3/27/75 22.798

531-146 1459.5 11/12/97 3/12/75 22.668

621141 1426 12/5/97 2/18/75 22.793

621146 1485 11/20/97 2/25/75 22.731

35H01 1572 1/3/94 1/24/75 18.944

421-101 1560 1/3/94 1/29/75 18.93

461121 1425 12/7/93 2/7/75 18.831

461128 1375 11/22/93 2/28/75 18.728

461129 1300 11/19/93 2/12/75 18.767

461-130 1382 11/23/93 2/12/75 18.778

461-147 1468 12/14/93 2/20/75 18.811

62H08 1435 12/29/93 3/6/75 18.812

641119 1470 10/28/87 2/6/75 12.724

131-120 1456 10/16/87 3/19/75 12.575

511H26 1411 10/28/87 3119/75 12.608

13H40 1471 10/19/87 3/11 /75 12.605

511141 1362 10/27/87 113/75 12.815

I

AKY
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M 25T!H YEAR SURVEILLANCE OF TIlE
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3 A Progress Energy Company

REGRESSION ANALYSIS DATA

TENDON TENDON TEST ORIGINAL AGE

NUMBER FORCE DATE STRESS (TIME STRESSED)

62H34 1546 10/12/81 2/28/75 6.589

131-146 1546 10/13/81 3/10/75 6.591

13H119 1424 10/13/81 1/17/75 6.739

51H26 1424 10/14/81 3/19/75 6.57

42H20 1544 10/14/81 3/3/75 6.613

511145 1492 10/15/81 12/30/74 6.793

421140 1466 10/15/81 2/26/75 6.63

351-135 1328 10/20/81 i1nn5 6.602

351140 1458 10/21/81 3/12/75 6.605

46H10 1478 11/11/81 3/7/75 6.678
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25Ti YEAR SURVEILLANCE OF TilE
POST-TENSIONING SYSTEM AT TIlE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

Florida Power
A Progress Energy Company

REGRESSION CURVE

Forcast and 95% Conf. - Hoop.

1600

1550

1500

-- 40FORCAST
1400 -- 9%

-- r-DESIGN MIN.

1300

1250 W

1200 - • 2 ,
0 10 20 30 40 50

Time in Years

FORCAST 95%
YEARS (kips) CONFIDENCE.

1 1580 1484
3 1519 1458
5 1490 1445

10 1451 1427
15 1429 1412
20 1413 1396
25 1400 1380
30 1390 1366
35 1381 1353
40 1374 1342
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25TII YEAR SURVEILLANCE OF TIHE
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT A Progress Energy Company

UNIT 3

REGRESSIONANALYSIS DATA

TENDON TENDON TEST ORIGINAL AGE

NUMBER FORCE DATE STRESS (TIME STRESSED)

D126 1376.9 9/26/01 12/3/74 26.814

D339 1507.3 9/18/01 3/31/75 26.467

D113 1427 12/6/97 12/9/74 22.992

DI15 1380 12/7/97 3/25/75 22.702

D304 1598 12/7/97 12/6/74 23.003

D311 1408 11/23/97 1 i/11/74 23.033

D215 1518 11/9/93 11/4/74 19.014

D224 1425 11/17/93 12/3/74 18.956

D231 1335 12/3/93 11/12/74 19.058

Di05 1453 10/23/87 11/22/74 12.917

D212 1276 10/26/87 1213/74 12.895

D328 1276 10/27/87 12/5/74 12.892

D123 1304 11/4/81 11/8/74 6.989

D212 1338 10/26/81 1213/74 .6.895

D215 1594 10/27/81 11/4/74 6.978

D322 1494 10/29/81 !2/2/74 6.906

D329 1506 10/20/81 11/19/74 6.918
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l25TII YEAR SURVEILLANCE OF TIHE
POST-TENSIONING SYSTEM AT THE
CRYSTAL RIVER NUCLEAR PLANT Florida Power

UNIT 3 A Progress Energy Company

REGRESSION ANALYSIS DATA

TENDON TENDON TEST ORIGINAL AGE

NUMBER FORCE DATE STRESS (TIME STRESSED)

D331 1460.5 4/24/80 10/25/74 5.499

D323 1525.5 4/28/80 11/8/74 5.473

D208 1593.5 4/29/80 1214n4 5.403

D140 1587 5/2/80 12/4/74 5.411

D122 1546.5 4/30/80 1m2/2/4 5.411

D139 1590 2/3/78. 11/15/74 3.217

D2!5 1644 2/3n8 11/4/74 3.248

-D221 1511 1/12/78 11/20/74 3.143

D228 1524 1/11/78 12/2/74 3.108

D234 1513 1/11/78 12/5/74 3.099

D340 1562 1/13/78 12/4/74 3.108
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25TII YEAR SURVEILLANCE OF TIlE
POST-TENSIONING SYSTEM AT TIlE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

Florida Power
A Progress Energy Company

REGRESSION CURVE

Forcast and 95% Conf. - Dome.

1650

1600 4..
1550 .

. I - .. %.-1500.... .

150jI': I-"-9RCAST
•1 .... --dl D .!GN tIN.I

14500

1350
S1300

1250 •-

1200
0 10 20 30 40 50

Time in Years

FORCAST 95%
YEARS (kips) CONFIDENCE.

1 1617 1526
3 1545 1493
5 1511 1473
10 1465 1434
15 1438 1401
20 1419 1375
25 1404 1353
30 1392 1335
35 1382 1319
40 1373 1306

K-/
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Loss of tendon force 42

Lift-off forces on hoop tendons, here is a chart for tendons 42H35, 42H36, and 42H37.

All three are Hoop tendons (Horizontal tendons) and run between buttresses 4 and 2. They are at

approximate elevation 210' (42H35), 213' (42H36), and 216' (42H37) (hoop tendons are labeled from 1

to 47 from bottom to top).

1,800

1,600

-• 1,400

-- 1,200

8 1,000
i 800
0 600

• • 400
200

0

0 -4-42H35-4-42H35

-1-42H36
A 421-37

0 10 20 30

Year after tensioning

40

Tendon 42H35 lift-off value at 20 years was not acceptable and the tendon was re-tensioned.

Tendon 42H36 lift-off value at 20 years was not acceptable and the tendon was re-tensioned.

Tendon 42H37 lift-off value at 20 years was not acceptable and the tendon was re-tensioned.
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Loss of tendon force

As a follow-up to the data sent earlier on the lift-off forces on hoop tendons, here is a chart for tendons

46H19, 46H21, and 46H29.

All three are Hoop tendons (Horizontal tendons) (hence the name xxHxx) and run between buttresses 4

and 6 (hence the name 46xxx). They are at approximate elevation 156' (46H19), 163' (46H21), and 189'

(46H29) (hoop tendons are labeled from 1 to 47 from bottom to top).

1800

1700

u) 1600
1500

C.)1- 14 0 0

0 1300
1200

1100

1000

-4-46H21

-0-46H29
--*-46H19

0 10 20 30

Year after tensioning

40

Tendon 46H29 lift-off value at 15 years was not acceptable and the tendon was re-tensioned.

Tendon 46H21 lift-off value at 30 years was not acceptable and the tendon was re-tensioned.

Tendon 46H19 lift-off values were always acceptable.
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Loads and stresses from Hoop tendons

A. Tendon force at 1,635 kips

The loads and stresses generated by the hoop tendon forces are calculated based on the following:

* Hoop Tendon Force Ftendon = 1,635,000 lbf
* Hoop Tendon Centerline Radius r = 812.375 in

* Wall Inside Radius ri =780 in

* Wall Outside Radius r. = 822 in

* Height of Containment Cylinder h = 157 ft = 1,884 in

* Number of Hoop Tendons Though Wall Section nH= 94 tendons

A.1 Average hoop stress

The simplest way to determine the average hoop stress in the concrete containment is to divide the

average force from hoop tendons by the area of concrete the force is applied to.

The average vertical distance between hoop tendons is (13" + 26") / 2 = 19.5".

The width of the concrete wall is 42".

Ftendon
- = 1,996 psi

42 * 19.5

A.2 Radial force per unit height

There are two approaches to calculate the radial force per unit height

A.2.1 Using the containment height and number of tendons

The radial force per unit height is equal to

Ftendon kips
Fh= * #tendon = 978 ktH ft

A.2.2 Using the number of tendons per unit height in that part of the containment wall

On one bay, the "close" tendons are separated by 12.75 in and the "far" tendons are separated by 25.5

in. This is equivalent to 2 tendons per 38.25 in, or 94 tendons per 1,797.75 in, or 94 tendons per 149.8

ft. The difference with 157 ft (and case A.1.1) is that there are fewer tendons at the bottom of the wall.

For our purpose, it is therefore better to calculate the radial force per unit height as
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Ftendon in kipsFh---8.5 n* 2 tendons *12 - = 1,025-y
38.25 in ft ' ft

A.3 Radial force per unit circumferential length

The radial force per unit circumferential length is equal to

Ftendon lbfFr- 2,012 -

r in

A.4 Average radial pressure

A.4.1 Using full height and number of tendons

The average radial pressure due to the hoop tendon forces is

Fr 2012
P h 1884 -100.4 psi

nH 94

A.4.2 Using the number of tendons per unit height in that part of the containment wall

Alternately, the average radial pressure can be calculated using

P, - 109.5 psi
r 12 * 780 in

A.5 Average hoop stress

This is a check on the calculation done in A.1 above.

A.5.1 Using full height and number of tendons

The average hoop stress is then

P, r+ ° 100.4 780+822
2 _ 94 2
2- - = 1,915 psi

r, - ri 822-780

A.5.2 Using the number of tendons per unit height in that part of the containment wall

The average hoop stress is then

2 109.5 780+822
2 - =2,089 psi

r. - ri 822-780

B. End of life tendon force of 1.325 kips
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When using the end-of-life tendon force of 1,325 kips, we get the following results

B.1 Radial force per unit height

B.1.1 Using the containment height and number of tendons

The radial force per unit height is equal to

Ftendon kips
Fh = * #tendon = 793 ki

H ft

B.1.2 Using the number of tendons per unit height in that part of the containment wall

F'tendon inl kips
Fh= - -82on * 2 tendons * 12 -i = 831 kips

38.25 in ft ft

Note the FSAR specified prestress level of 829 kips / ft.

B.2 Radial force per unit circumferential length

The radial force per unit circumferential length is equal to

Ftendon lbfFr - -1,632 -
r in

B.3 Average radial pressure

B.3.1 Using full height and number of tendons

The average radial pressure due to the hoop tendon forces is

F, 1632
P- h 1884 -81"4psi

nH 94

B.3.2 Using the number of tendons per unit height in that part of the containment wall

Alternately, the average radial pressure can be calculated using

Fh
P, = 12 * 780 in 88.8 psi

The accident pressure is 55 psi.

88.8
The ratio of P, over 55 psi is s = 1.61.

B.4 Average hoop stress

B.4.1 Using full height and number of tendons
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The average hoop stress is

Pr, r+ r° 81.4 780+822
2-- 2 1,552 psi

ro - ri 822-780

B.4.2 Using the number of tendons per unit height in that part of the containment wall

The average hoop stress is

P, ___ 88.8780+822
r2 _ 88 2

2- - =1,694 psi
ro - r[ 822-780

C. Conclusion

With the accident pressure at 55 psi, the ratio of Pr over 55 psi is approximately 1.61. This is a large

value when compared to other Nuclear Power Plants that are using post-tensioned concrete

containments.
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CRYSTAL RIVER UNIT 3 Page i of ii Rev. 6
PrgssEnety DESIGN BASIS DOCUMENT I

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT N/A

REVISION LOG

Revision/Date

0/11-8-85

1 / 07-25-94

2/11-18-99

3 /01-02-00

4 /09-18-01

5 /04-26-07

6 09-29-08

Description

Initial Issue

Complete re-issue and incorporation of Temporary Change #296 as shown by revision
bars.

Incorporated Temporary change #539 and #954.
Text from T.C. # 539 was not incorporated due to being superseded by T.C. # 954.

Incorporated Temporary change #1180 as shown by revision bars.

Incorporated Temporary change #1115 as shown by revision bars.

Incorporated Engineering Change 66751 RO as indicated by the change bars on pages
14 and 25.

Incorporated Engineering Change 71342 as indicated by the change bars on page 12.

Tab 1/1, Revision 6
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__ CRYSTAL RIVER UNIT 3 Page ii of ii Rev. 6
SProgress Energy DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT N/A

DESIGN BASES INDEX
FOR

CONTAINMENT

Section Title Page

D E F IN IT IO N ......................................................................................................................................................... 1

G E N E R A L ............................................................................................................................................................ 2
M a te ria ls .................................................................................................................................................. 2
Design Conditions ................................................................................................................................... 8

FO UNDATION MAT ........................................................................................................................................... 22

PROTECTIVE RETAINING W ALL AND CANTILEVER SLAB ...................................................................... 24

TENDON GALLERY .......................................................................................................................................... 25

CYLINDRICAL W ALLS, HAUNCH, AND BUTTRESS ................................................................................... 26

RING G IRDER ................................................................................................................................................... 30

D O M E ................................................................................................................................................................. 3 2

L IN E R ................................................................. ............................................................................................... 3 5

PENETRA TIONS ........................................................................................................................................... ....38

EQUIPM ENT ACCESS SHIELD STRUCTURE ........................................................................................... 43

Tab 1/1, Revision 6
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Progres EnCRYSTAL RIVER UNIT 3 Pagelof44 Rev. 6
SProgress Energy DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT N/A

DEFINITION

The Containment Structure is classified as a Class I structure because:

1. Its failure might cause or increase the severity of a loss-of-coolant accident (LOCA).
2. Its failure might result in an uncontrolled release of radioactivity.
3. It is vital to safe shutdown and isolation of the reactor.

In addition, the Containment Structure provides shielding from the fission products which could be airborne in the

building under accident conditions.

The containment is composed of those elements listed in the Table of Contents for this Design Basis Document.

The Reactor Building is a concrete structure with a cylindrical wall, a flat foundation mat, and a shallow dome
roof. The foundation slab is reinforced with conventional mild-steel reinforcing. The cylindrical wall is prestressed
with a post-tensioning system in the vertical and horizontal (hoop) directions. The dome roof is prestressed
utilizing a three-way post-tensioning system. The inside surface of the reactor building is lined with a carbon steel
liner to ensure a high degree of leak tightness during operating and accident conditions. Nominal liner plate
thickness is 3/8 inch for the cylinder and dome and 1/4 inch for the base.

The foundation mat is bearing on competent bearing material and is 12-1/2 feet thick with a 2 feet thick concrete
slab above the bottom liner plate. The cylindrical portion has an inside diameter of 130 feet, wall thickness of 3
feet 6 inches, and a height of 157 feet from the top of the foundation mat to the spring line. The shallow dome
roof has a large radius of 110 feet, a transition radius of 20 feet 6 inches, and a thickness of 3 feet.

Tab 1/1, Revision 6
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Progress Energy CRYSTAL RIVER UNIT 3 Page 2 of 44 Rev. 6DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

MATERIALS

Materials are generally chosen on the basis of their ability to satisfy the following criteria:
a. Load carrying capacity.
b. Resistance to deterioration or corrosion.
c. Economy.
d. Availability.
e. Tolerance of radioactivity.
f. Sufficient stiffness to remain within allowable limits of deflection.
g. Aesthetics.

In specific circumstances a variety of other factors could require consideration.

PARAMETER

Concrete

SOURCE

The following G/C, Inc.
specifications define the
requirements for the properties of
the structural and fill concrete and,
as such, are relevant to all data
entries under "Concrete."

1. SP-5569
2. SP-5618

These specifications are listed for
reference only.

REASON

The following generally recognized
codes and standards are relevant to
and the basis for selection of the
properties of concrete cited in this
section:

1. ACI 318-63, "Building Code
Requirements for Reinforced
Concrete."

2. ACI 301-66, "Specification for
Structural Concrete."

3. ACI Manual of Concrete
Practice - Recommended
Practices.

Concrete is an economical, easily
obtainable material capable of
satisfying design requirements. A
strength level of 5000 psi is required
to withstand the large forces
associated with reinforced concrete
prestressed concrete containment
structures.

A strength level of 3000 psi is the
most commonly specified value
for conventionally reinforced
concrete structures.

Fill concrete is unreinforced and
is required to serve only as a
bearing medium equivalent to
bedrock.

Strength

Structural concrete for the base
mat, containment vessel shell, and
equipment access shield structure

fc = 5000 psi

Structural concrete for
application other than the
Containment shell -

flc= 3000 psi

Fill concrete for use in the
foundation subgrade

f, = 1500 psi

See Page 2, "Concrete," for the
Source of the requirements cited
on this page.

Tab 1/1, Revision 6
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Progress Energy CRYSTAL RIVER UNIT 3 Page 3 of 44 Rev. 6DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Unit Weight- 150 pcf

SOURCE

Poisson's Ratio - 0.2

Maximum Slump

3" for 5000 psi concrete

4" for all other concrete

Maximum Placing Temperatures

REASON

Typical density of concrete. It is
an average value used for
design purposes and includes a
reasonable allowance for the
weight of reinforcing steel.

It does not necessarily reflect the
actual density of the concrete
produced for the project. The
resulting error is small and, if
anything, conservative.

Average value traditionally
utilized in the design of shell
structures.

Limits on slump are imposed to
ensure that the concrete
properties assumed by the
design are actually realized and
that the concrete remains
durable and functional for the
lifetime of the plant.

Limitations on temperature are
imposed for the same reasons
slump limitations are specified.

ASTM C150 cement is required
for conformance to ACI 301.
Type II cement is chosen
primarily to minimize heat
development, and the
subsequent volume changes and
cracking during hydration of the
cement.

Conformance to ASTM C33 is
required by ACI 301. Refer to
the cited G/C, Inc. specifications
for the exceptions to the
requirements to ASTM C33.

Greatest economy is achieved
using 1 1/2" aggregate; but 3/4"
size is occasionally called for by
drawings to ensure adequate,
void-free placement, especially
in areas of rebar congestion.

70'F for 5000 psi concrete
90°F for all other concrete

Portland Cement

ASTM C150
Type II

See Page 2, "Concrete," for the
Source of the requirements
identified for Concrete
Aggregates.

Concrete Aqaregates

ASTM C33 with minor
modifications

Maximum size:

Typically:
1 1/2"

Where specified:
3/4"

Tab 1/1, Revision 6
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SO Progress Energy CRYSTAL RIVER UNIT 3 Page 4 of 44 Rev. 6

DESIGN BASIS DOCUMENT
SYSTEM NAME: SYSTEM CODE:

CONTAINMENT - GENERAL N/A

PARAMETER

Reinforcing Steel

Bars

Original Construction
ASTM A615
Grade 40

Repair of Delaminated Dome
ASTM A615
Grade 60

Cadweld Reinforcing
Steel Splices

For splices of reinforcing
bars larger than #11.

Prestressing Material

Conduit (General)

- 10 psig hydrostatic
pressure capacity

- galvanized steel

- capable of supporting
200 pound man

- sufficient size to
accommodate a 163 wire
tendon

Rigid Conduit - Used in vertical
and hoop tendons in cylindrical
walls.

- Round, mechanical welded
tubing

- ASTM A513-69
- 0.065" minimum wall
thickness

-5 1/4" O.D.
- 5" I.D.

SOURCE REASON

The following G/C, Inc.
specifications define the
requirements for steel
reinforcement for structural
concrete:

1. SP-5646
2. SP-5648

The specifications are listed for
reference only.

G/C, Inc. Struc. Specs.
SP-5646
SP-5648
(for reference only).

The following G/C, Inc.
specifications pertain to the
following entries for conduit and
are listed here for reference only:

1. RO-3040
2. SP-5844

Intermediate grade billet steel
reinforcement chosen because:
a. Conforms to ACI 318,

adherence to which is
required by 10CFR50.55a.

b.. Economical, available
material capable of satisfying
design requirements.

Regulatory Guide 1.10,
"Mechanical (Cadweld) Splices
in Reinforcing Bars of Category I
Concrete Structures." (formerly
Safety Guide 1.10)

All conduit must be capable of
withstanding internal pressures
due to injection of corrosion
inhibiting grease.

All conduit galvanized to prevent
corrosion and further assure
containment of grease.

All conduit must be capable of
withstanding unanticipated loads
during installation and
construction.

Most economical material
available to withstand loads due
to concrete placement and also
due to the internal pressure
exerted by the injection of
corrosion inhibiting grease.

See "Conduit (General)" for the
Source of requirements cited on
this page.

Tab 1/1, Revision 6
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Progress Energy CRYSTAL RIVER UNIT 3 Page 5 of 44 Rev. 6
DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Flexible Conduit -

Used around penetrations in
wall of containment.
- Minimum 22 gauge
- 5 1/4" O.D.
- 5" I.D.

Schedule 40 Conduit

Used in foundation mat and
containment dome.

- ASTM A53-70, Type E or S
Steel pipe

Grade A for mat
Grade B for dome

SOURCE

See "Conduit (General)" on Page
5 for the Source of requirements
cited on this page.

REASON

Flexible conduit specified in
order to permit economical and
efficient field fabrication and
fitting.

Structural design material to
ensure that dome conduit
system is capable of supporting
the dome liner under concrete
placement loads. This conduit
is, therefore, load carrying such
that Grade B material (fy = 60
ksi) is specified.

In the base mat the schedule 40
conduit (pipe) is the transition
material between the trumpet in
the base mat and the rigid
conduit in the cylindrical wall.
This pipe is not required to carry
structural load, such that Grade
A material (fy = 48 ksi) is
considered adequate.

Steel conforming to ASTM A421
is the standard material specified
throughout the industry for use
as a buttonheaded tendon wire.
The steel used for this project is
the Japanese equivalent of that
material.

Exceptionally high strength is
required in order to develop the
required level of prestress.

Relaxation is a loss of stress
when a wire is prestressed and
maintained at a constant strain
for an extended time. The
degree to which this happens
varies with the steel and is,
therefore, specified by the steel
supplier. That value must be
known in order to evaluate the
effective prestress over the life of
the plant.

Tendon Wire

ASTM A421-65
Type BA

Tendon wire is specified in G/C,
Inc. Specification SP-5583 and is
listed here for reference only.

fy = 240 ksi

- Relaxation = 4% See "Tendon Wire" on Page 6 for
the Source of the requirement
cited on this page.

Tab 1/1, Revision 6
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Progress Energy CRYSTAL RIVER UNIT 3 Page 6 of 44 Rev. 6

DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Tendons

- 163 wire
Area - 9.723 in2

SOURCE

G/C, Inc. Specification SP-5583
(for reference only).

REASON

The tendon comprised of 163 -
7mm wires is approximately
equivalent to the 170-0.25 in.
wire tendons typically being
utilized in the industry at the time
of plant design.

See page 19 for a summary of
prestress forces in each of the
three tendon groups.

Utilized on the basis of
recommendations from Prescon
Corp., the supplier of the
prestressing system.

AnchoraQe Components Prescon Shop Drawings.

Bearing plate
- ASTM A533
- Grade B
- Class 2

Shims
- Modified Armco VNT or like
material

Stressing End Washer
- Alloy steel forging

Tendon Grease

Shop application:
Visconorust 3001A

Field application:
Visconorust 2090P
Visconorust 2090P-2

PEERE # 0987

G/C, Inc. Specification SP-5583
(for reference only).

Visconorust 3001 A was the
state-of-the-art tendon grease for
the prevention of corrosion of
prestressing wires. The 3001A
material was used as a
shop-applied coating. The 2090P
and 2090P-2 were used to field
coat the inside of the conduit as
well as to serve as a bulk filler
after tendon installation.

Other Visconorust formulations
compatible with those noted are
used during outages when
tendon surveillance is carried
out.

Foundation Bearinq Material The basic source for all criteria
relating to foundation design
parameters is:

Woodward-Clyde & Assoc.,
"Summary of Foundation
Investigation Evaluation and
Construction for Crystal River
Unit 3."

Tab 1/1, Revision 6
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Progress Energy CRYSTAL RIVER UNIT 3 Page 7 of4 Rev. 6

DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Primarily 1500 psi fill concrete
placed over competent existing
limerock. A 1.5' to 3' layer of
crushed limerock was used
sparingly to permit dewatering
during placement of fill concrete.

SOURCE

1. Letter FPC-438, dated
12/2/68 from D. A. Skilton
(G/C) to R. B. McKnight
(FPC), "Comparative Analysis
of 12'-6" & 22'-0" Thick
Reactor Building Mats and
Foundation Treatment."

2. Letter dated 12/12/68 from R.
B. McKnight to D. A. Skilton,
"Reactor Building
Foundation."

REASON

Fill concrete strength and
deformation properties equal or
exceeding those of the existing
sound bedrock.

Coefficient of Sub-qrade
Reaction/Modulus of
Deformation

Variable - See Reason

G/C, Inc. Struc. Calc.
FC 1.01.3/1118.

Parameters required for dynamic
analysis of the foundation mat.
Values vary with contact area
between underside of foundation
mat and the subgrade.

Foundation parameter required
for finite element analysis.

Poisson's Ratio -
0.33

BearinQ Capacit -

8 ksf

Density of Rock -
129.8 pc

1. G/C, Inc. Struc. CaIc.
FC 1.01.1/01B.

2. Woodward-Clyde Report,
Section 4.2.0, Table II.

Woodward-Clyde Report, Section
4.2.0, page 29.

G/C, Inc. Struc. Calc.
FC 1.01.1/OD.

Applicable to static loading
conditions.

Parameter required for finite
element analysis of foundation
mat.

Tab 1/1, Revision 6
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k Progress Energy CRYSTAL RIVER UNIT 3 Page 8 of 44 Rev. 6
DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

DESIGN CONDITIONS

Loads - This listing includes all loads applied to any portion of the containment shell including the protective
retaining wall and the base mat. Not all of these loads, however, are applied to any particular
portion of it. For instance, wind and tornado loads are not experienced directly by the base mat
nor hydrostatic pressure by the dome. The effects of forces not applied directly are, however, felt
as boundary condition moments and forces applied at the jointure of adjacent elements.
Indirectly applied loads, therefore, are included in appropriate load combinations.

General Design Criterion No. 2, Federal Register dated 7/11/67, Part 50, Appendix A, "Performance
Standards," requires consideration of forces resulting from natural phenomena such as
earthquakes, tornadoes, flooding, wind, hurricane and other local site affects. These forces are
considered in this section.

The loads listed represent input to design calculations. They do not necessarily represent working
level or ultimate capacities.

PARAMETER SOURCE

FSAR Section 5.2.1.2.2 and
Figure 5.2. (for reference only).Dead Load (D)

Reinforced concrete
- 150 pcf

Weight of equipment and
interior structures
- 35446 kips, not including

refueling water
- 38566 kips, including

refueling water

Weight of shell
- 58631 kips

Weight of base mat
- 35600 kips

Live Load (L)

Base mat floor, 200 psf

G/C, Inc. Struc. Calcs.
FC 1.01.3/1101 through FC
1.01.3/1109.

Major equipment data source:
B&W Dwg. 112798E/4

G/C, Inc. Struc. Calc.
FC 1.01.3/1114.

G/C, Inc. Struc. Calc.
FC 1.01.3/1116.

G/C, Inc. Struc. Calc.
FC 1.01.3/1106.

REASON

The weight of the completed
structure and of the facilities
supported by it.

Weights shown do not include the
weight of the base mat nor the
2'-0" thick base mat floor slab.

Weights of interior structures
determined using dimension from
preliminary layout drawings.

Weight of shell based on
available data on preliminary
layout drawings.

Weight of 147'-0" diameter, 12'-6"
thick mat.

Allows for existence of
miscellaneous, undefined
equipment on mat (inside the
Reactor Building).

Water pressure acting on the
protective retaining wall which is
attached to the perimeter of the
foundation mat and on the
underside of the mat.

Hydrostatic Load (G)

Normal groundwater level, El.
90'-0"

1. G/C, Inc. Struc. Calcs.
FC 1.01.1/OC and
FC 1.01.2/1.

2. FSAR Section 2.5.3.5 (for
reference only).

Tab 1/1, Revision 6
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Progress Energy CRYSTAL RIVER UNIT 3 Page 9 of 44 Rev. 6
DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Maximum groundwater level,
El. 118'-6"

Lateral Soil
Pressure (H)

Equivalent fluid pressure, 40
pcf

Surcharge load -
376 psf

SOURCE

1. G/C, Inc. Struc. CaIc. FC
1.01.2/1.

2. FSAR Section 2.4.2.2
(for reference only).

1. Woodward-Clyde and Assoc.
Report, Page 31.

2. G/C, Inc. Struc. Calc.
FC 1.01.2/2.

3. Letter FPC-190, dated
4/1/68, R. L. Gerhart (G/C) to
R. B. McKnight (FPC),
"Reactor Building Retaining
Wall."

Same sources as for equivalent
fluid pressure.

Internal Pressure (P)

REASON

This is also plant grade. The
protective retaining wall (top at El.
1 19'-0") is, therefore, designed
for near full hydrostatic head.

Active earth pressure acting on
protective retaining wall.

Uniform load due to 10'-0" height
of backfill adjacent to protective
retaining wall. Backfill assumed
to weigh 112.8 pcf.

Hydrogen detonation evaluation
was performed in 1982 in order to
check the ability of the Reactor
Building to perform its
containment function for a
hydrogen detonation loading.
Such loads were not considered
in the original design of the plant.

The 2.5 psig pressure drop is
associated with the sudden
cooling effect in the interior of the
airtight containment following
accidental actuation of the
Reactor Building Spray System.

Total suction pressure including
operating pressure range and BS
cooling effects.

Hydrogen Detonation
Original: 14.7 psia
Initial, H2 added:

17.48 psia
Von-Neuman Shock:

366 psia
Impulse: 1635 psia
C-J plane: 191 psia
Equilibrium:

96.6 psia

Accidental Spray Actuation
- 2.5 psig (Suction on interior

of containment).

Additionally -6.0 psig
(Suction on interior of
containment).

GAI Memorandum from R. A.
Putman to R. E. Vaughn, Subject
- CR3 Hydrogen Detonation,
Final Report, June 11, 1982.

G/C, Inc. Struc. Calcs. for W.O.
04-4762-124.

FSAR Section 5.2.1.2.7 (for
reference only).

Undocumented input from
Babcock and Wilcox.

Calculation S-00-0006

Tab 1/1, Revision 6
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DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Tornado Differential Pressure

SOURCE

FSAR Section 5.2.1.2.6 (for
reference only).

- 3 psi

Test Pressure FSAR Sections 5.2.1.2.1 and
5.6.1 (for reference only).

REASON

A suction experienced by the
outside of the Containment
Structure corresponding to the
drop in atmospheric pressure
characteristic of the center vortex
of a tornado. The pressure occurs
because the Containment
Structure is airtight and there is
no opportunity for contained air to
escape and reach equilibrium
with the outside.

USAES Safety Guide 18,
"Structural Acceptance Test for
Concrete Primary Reactor
Containments" requires testing at
1.15 times accident pressure.

Confirmation of containment
integrity to assure structural
response of principal strength
elements was consistent with
design. Test pressure imposed
loads similar to those which
would be experienced in the
event of a LOCA or SSE.

- 63.3 psig

Tab 1/1, Revision 6
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Accident

- 55 psig

SOURCE

1. B&W Internal Memoranda, I.
T. Putney to H. E. Flora,
a. Metropolitan Edison

Company, Reactor
Building Dome and Wall,
Temperature Profile
Following a 36 inch I.D.
Pipe Double Ended
Rupture, 4/13/67.

b. Reactor Building
Analysis - Effect of Core
Flooding Tanks on
Reactor Building
Pressure, 7/20/67.

2. B&W Internal Memoranda
a. 1.T. Putneyto R. E.

Wascher, "Reactor
Building Analysis - Effect
of Emergency Core
Cooling on Post Accident
Pressure," 2/13/68.

b. C. E. Barksdale to B.B.
Cardwell, Florida Power
Corp. - "Reactor Building
Pressure Test," 4/19/69.

c. G. F. Glei to Distribution,
Florida Power Corp. -
"Final Safety Analysis
Report," 2/26/70.

3. Letter from C. E. Barksdale
of B&W to E. R. Hottenstein
of GAI, "CR-3 Reactor
Building Analysis," 4/22/70.
(GAI-409).

4. Letter from L. Sack of GAI to
F. Norman of B&W, "CR-3
FSAR," 5/5/70. (B&W-343).

1. G/C, Inc. Struc. Calc. FC
1.01.3/162.

2. FSAR Section 5.2.1.2 (for
reference only).

G/C, Inc. Struc. CaIc.
FC 1.01.3/162.

REASON

Pressure inside containment
resulting from a worst-case LOCA
analysis by B&W.

Wind Load (W)

Basic wind velocity
- 110 mph at 30' above grade

Wind velocity at 166-10" above
grade (top of containment
building) - 179 mph

ASCE Paper No. 3269, "Wind
Forces on Structures," Vol. 126,
1961, Figure 1(b) for:
a. 30' above grade
b. Crystal River site

ASCE Paper No. 3269, page
1139.

Tab 1/1, Revision 6
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Wind pressure
- 0.568 psi applied uniformly

over the entire height of the
structure

SOURCE

GIGC Inc. Struc. Calc.
FC 1.01.3/162.

REASON

ASCE Paper No. 3269, page
1164, Table 4(f).
(q = 0.002558 V2).

Note:
1.
2.

Design wind pressure exceeds the requirements of:
Southern Standard Building Code, 1965 Edition, Section 1205.
ANSI A58.1 - 1955, "Building Code Requirements for Minimum Design Loads in Buildings and Other
Structures."

Tornado Wind Load (Ww)

Tangential velocity - 300
mph
Equivalent wind pressure
- 230.22 psf

FSAR Section 5.2.1.2.6
(for reference only).

G/C, Inc. Struc. Calc.
FC 1.01.3/160.

ASCE Paper No. 3269, Page
1129.

Tornado Missile Load (Wm)

NOTE: Consideration of the tornado missile load did not include the postulation of such loads in design load
combinations. Rather, capability to withstand the local effects of such impact was considered to have
been demonstrated by comparison with the analysis carried out for Three Mile Island for aircraft impact.
The containments for the two plants were almost identical, and the aircraft impingement load was found by
inspection to be significantly more severe than that associated with the postulated tornado missiles.

The missiles considered were:

Utility pole
length - 35'-0"
diameter- 14"
density- 50 pcf
velocity - 150 mph
max. static load - 148 kips

FSAR Section 5.2.1.2.6 pertains
to the entire entry on tornado
missiles (for reference only).

Three Mile Island FSAR, Sec.
5.2.1.2.6.

Origin of tornado missile
postulation is not known.
However, the spectrum of
tornado missiles for Crystal River
Unit 3 are similar to that currently
specified in:

a. Standard Review Plan 3.5.3,
"Barrier Design Procedures."

b. Standard Review Plan
3.5.1.4, "Missiles Generated
by Natural Phenomena."

Automobile
weight - 1 ton
velocity - 150 mph

Seismic
Operating Basis
Earthquake (OBE)
- 0.05 g, maximum horizontal

ground motion acceleration
- 0.033 g, maximum vertical

ground motion acceleration.

1. Final Report by
Weston-Geophysical
Research, Inc., "Seismicity
Analysis and Response
Spectra for the Proposed
Crystal River Nuclear Power
Plant," June 27, 1967.

1. Acceleration for OBE is twice
the ground acceleration
which would have been felt at
the plant site as a result of
the Charleston, South
Carolina earthquake of
August 31, 1886.

Tab 1/1, Revision 6
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DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

Safe Shutdown Earthquake
(SSE)
- 0.10 g, maximum horizontal

ground motion acceleration.
- 0.067 g, maximum vertical

ground motion acceleration.

Seismic Criteria
a. SSE=2xOBE
b. Vertical accel. - 2/3 of

horizontal accel.

Thermal (TM
Temperatures during normal
operation and as the result of a
LOCA are shown on the following
table.

SOURCE

2. FSAR Section 2.5.4.1 (for
reference only).

3. G/C, Inc. Struc. Calcs. FC
1.01.3/1000 through
FC 1.01.3/1100.

1. FSAR for Three Mile Island
Unit 1, Section 5.2.1.2.9 and
Section 5.2.1.1.10.

2. FSAR Section 5.2.1.2.8 (for
reference only).

3. See page 14 of 55 under
Accident Pressure.

REASON

2. Relationship between
earthquake intensity and
ground acceleration as given
in "Nuclear Reactors and
Earthquake," TID-7024,
USAEC.

3. 0.1Og is the minimum
acceptable SSE ground
motion acceleration
according to current criteria.

The operating and accident
temperature profiles through the
containment wall which were
derived and utilized for Three
Mile Island Unit 1 were utilized
for Crystal River Unit 3 because
of the similarity in containments
and in NSSS systems and
because use of temperature
profiles for an area with more
severe winter temperatures
would be conservative.

This analysis was not performed
for the original design of the
containment.

Temperatures resulting from
hydrogen detonation are shown
on the following table.

GAI Memorandum from R.A.
Putnam to R. E. Vaughn, Subject
- CR3 Hydrogen Detonation,
Final Report, June 11, 1982.
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DESIGN BASIS DOCUMENT
SYSTEM NAME: SYSTEM CODE:

CONTAINMENT - GENERAL N/A

DESIGN TEMPERATURES

INSIDE OUTSIDE

Winter Normal Operation
- Buttress 102°F 30*F
- Wall 99OF 37OF

Winter Start-up
- Buttress 102'F 26OF
- Wall 99'F 28OF

Winter Shutdown
- Buttress 102°F 32'F
- Wall 99'F 37OF

Winter Accident
- Buttress 158°F 32*F
- Wall 158*F 37'F

Hydrogen Detonation
- Shell 2965OF

Prestress Force

See next page
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PRESTRESS FORCE

SOURCE

VERTICAL HOOP DOME

Vert Hoop Dome

Pattern 144 94 hoops 3 sets 2 sets
tendons 3 tendons of 35 of 6 3 8 6,10

per hoop tendons tendons

Radius 807.375' 812.375' 720.375' 720.375' 3 7 6

Spacing 35.23" 13" 30" 30" 3 5 4

Prestress Level 457 K/ft 829 K/ft** 820 K/ft --

Specified 1 1 1

Immediate 1868 K/ 1868 K/ 1868 K/ --

(80% GUTS)* tendon tendon tendon 9 9 9

Lockoff 1635 K/ 1635 K/ 1635 K/ 646 K/
tendon tendon tendon tendon 9 9 9,10

Min. Req'd at 40 1149 K/ 1252 K/ 1215 K/ 2 2 2,10
years tendon tendon tendon

** 415K/ft for lower 10 feet of wall
* GUTS = Guaranteed Ultimate Tensile Strength = 2335K/tendon

(A = 9.723 in2, fu = 240 ksi)

Sources:
1. SP-5583
2. Memo: J.F. Fulton to J.C. Herr, "CR3 Tendon Surveillance - FSAR Technical Specification 4.6.1.6 -

Required Minimum Average Tendon Force for the Repaired Dome", 2/15/80, plus attached calculations
for W.O. 04-4762-099.

3. G/C, Inc. Structural Calculation FC 1.01.7/2
4. G/C, Inc. Structural Calculation FC 1.01.7/50
5. Prescon Shop Drawings
6. G/C, Inc. Structural Calculation FC 1.01.17/0
7. G/C, Inc. Structural Calculation FC 1.01.8/30
8. G/C, Inc. Structural Calculation FC 1.01.8/4
9. ACI 318-63, Sec. 2606.
10. G/C, Inc. Report, "Reactor Building Dome Delamination, Final Report," December 10, 1976.

Reason:
The prestress forces provided in the vertical, dome, and hoop directions are sufficient to eliminate tensile
stresses in the shell due to membrane forces resulting from design loads. Prestress losses due to such
factors as shrinkage, concrete creep, steel relaxation, elastic shortening of the concrete, and friction were
considered in the determination of prestress levels.

Tab 1/1, Revision 6
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SYSTEM NAME: I SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER SOURCE REASON

Analysis

1. Static
a. Analysis of the overall

structure insofar as it can
be considered a thin,
elastic shell of revolution.
- Kalnins Program for

the exact numerical
solution of the
general bending
theory of shells.

b. Analysis of
discontinuities at large
openings.
- Finite element

computer analysis
using FELAP, a
program of Franklin
Institute Research
Labs.

c. Thermal loading of the
shell in localized areas.
- A.K. Maghdi and

E.C. Eringen, "Stress
Distribution in a
Cylindrical Shell with
a Circular Cut Out,"
Ingeniev - Archiv,
August, 1964.

- G.N. Savin, "Stress
Concentration
Around Holes"

d. Hydrogen Detonation
- A preliminary

analysis to determine
if pressure capacity
was at least twice the
applied load.

1. FSAR Section 5.2.4.1.1
(for reference only).

2. Journal of Applied
Mechanics, Vol.31,
1964, pages 467 to 476.

Permits realistic analysis of
containment when exposed to
large variety of loading
conditions, all relatively quickly
and at reasonable cost.

1. FSAR for Three Mile Island,
Unit 1, Appendix 5C, Docket
No.50-289.

2. FSAR Section 5.2.4.1.1
(for reference only).

1. FSAR Section 5.2.4.1.1
(for reference only).

2. FSAR for Three Mile Island,
Unit 1, Section 5.2.4.1.1.

G/C, Inc. Struc. Calcs.
FC 4762-124-1/3 through
FC 4762-124-1/6.

Localized effects of large
openings in the shell require
independent analysis. An exact
solution as for a shell of
revolution is not possible.

This analysis was applicable only
to localized applications of
significant temperature variations.
Thermal loads on the structure as
a whole were considered with the
Kalnins analysis.

A simplified static analysis is
excessively conservative but can
be done relatively quickly. If such
an analysis could have
demonstrated sufficient capacity,
no further analysis would have
been needed. The "twice the
load" criteria allows for the affect
of dynamic load application.
Dynamic analysis found to be
necessary. See following
material.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

2. Dynamic (seismic)
a. Superpositionof normal

modes of free vibration,
as determined by
Kalnin's program in order
to determine response of
shell to an earthquake.
Damping factor for shell
= 2% of critical damping.
Responses due to

vertical and horizontal
input combined by
absolute sums.

b. Elasto plastic analysis of
hydrogen detonation
loads to determine
capability of structure to
withstand imposed loads.

SOURCE

1. FSAR Sections 5.4.5.1 and
5.2.4.1.2 (for reference only).

2. A. Kalnins, "On Free and
Forced Vibration of
Rotationally Symmetric
Layered Shells," Journal of
Applied Mechanics,"
December 1965.

REASON

Provides exact prediction of
complete spectrum of natural
frequencies of the shell.

G/C, Inc. Struc. Calcs.
FC 4762-124-1/6 through FC
4762-124-1/55.

Assumptions
1. Tendon capacity = 90% of

ultimate strength, 216 ksi.
2. Consider contribution of liner

and reinforcement.
3. 1/2 of tendon losses occur

by plant startup.
4. Concrete cracks at tensile

stress of

3/7-c
Conclusion

Building capable of
withstanding detonation
conditions without
compromising the liner
capacity.

GAI Memorandum from T. D.
Biss to G. Sayer, Subject - CR3
High Point Vent System -
Hydrogen Detonation Evaluation,
and attached final report on
"Structural Evaluation of
Hydrogen Detonation," 7/19/82.

Desi-qn of Mild Steel
Reinforcement

1. Allowable concrete stress
a. Membrane tension - 212

psi for factored loads
when temperature effects
excluded; 424 psi when
temperature effects
included.

FSAR Section 5.2.3.3.1
(for reference only)
ACI 318-63, Section 2605,
"Building Code Requirements for
Reinforced Concrete".

ACI 505-54, "Specification for the
Design and Construction of
Reinforced Concrete Chimneys."

Allowable stresses need to be
defined in order to apply Working
Stress Design methods.

b. Membrane tension not
allowed for unfactored
loads.

FSAR Sec. 5.2.3.3.1
(for reference only).

Tension at unfactored load levels
could result in undesirable
cracking. Such tension limited by
application of sufficient prestress.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

c. Shear - If membrane
stress is tensile or low
level compressive (less
than 100 psi) design for
shear provisions of ACI
318-63, Ch. 17.

If membrane
compression exceeds
100 psi, design for shear
provisions of ACI 318-63,
Chapter 26 for pre-
stressed concrete.

2. Capacity reduction factor (0)
for tensile membrane
stresses - 0.95. Other 0
factors in accordance with
ACI 318-63.

3. Provide mild steel
reinforcement to:
a. Carry localized moments

and shears at openings,
discontinuities, and
changes of section.

SOURCE

1. G/C, Inc. Struc. CaIcs. FC
1.01.4/52 through
FC 1.01.4/65.

2. FSAR Sec. 5.2.3.3.1
(for reference only).

FSAR Sec. 5.2.3.3.1
(for reference only).

ACI 318-63, Section 1504.

REASON

ACI 318-63, Section 1701,
provides a specific formula
defining allowable shear in
members subject to axial tension.

ACI 318-63, Section 2610,
defines allowable shear stress in
concrete under axial
compression.

Use of capacity reduction factors
introduces necessary
conservatism by preventing
consideration of 100% of member
capacity to carry loads.

The prestress loads are
membrane forces and are
considered to neutralize tensile
membrane forces due to design
loads. Where localized shears
and moments exist, conventional
reinforcement must be provided.

Much of the conventional
reinforcement was specified on
the basis of the design for Three
Mile Island, Unit 1, which was
known to be subject to more
severe loads (aircraft impact,
steeper thermal gradients). This
action was taken in order to meet
FPC schedule requirements.

Required to control cracking.

1. FSAR Section 5.2.5.2.1
(for reference only).

2. G/C, Inc. Struc. CaIc.
FC 1.01.4/40-106.

G/C, Inc. Struc. CaIc.
FC 1.01.4/14A.

b. Reinforce for effects of
temperature variations
and shrinkage of
concrete:

Provide area of
reinforcement equal to
0.15% of the gross cross
sectional area of the
concrete on the exposed
face.

c. Limit tensile stresses

G/C, Inc. Struc. Calcs.
FC 1.01.4/68 and
FC 1.01.3/75.

FSAR Section 5.2.3.3.1
(for reference only).

Control cracking
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A

PARAMETER

d. Limit compressive strain
when concrete stress
exceeds 0.45 f', under
temporary conditions.

e. Provide the tensile load
carrying capacity at
openings which would
have been provided by
the concrete had there
been no openings.

f. Provide reinforcement to
carry polar crane loads.

4. Assume cracked sections in
design of steel reinforcement.

5. Load capacity - upper limit of
elastic behavior:
a. Steel - guaranteed

minimum yield strength.
b. Concrete - per ACI

318-63.
c. Limited by need to

maintain liner strains to
less than 0.005"/inch.

ACCEPTANCE CRITERIA

SOURCE

ACI 318-63, Section 2605.

G/C, Inc. Struc. Calc.
FC 1.01.4/18.

G/C, Inc. Struc. Calc.
FC 1.01.4/30.

FSAR Sec. 5.2.3.3.1
(for reference only).

FSAR Section 5.2.5.2.1
(for reference only).

REASON

Prevent short term overstress of
the concrete.

This occurs only under
application of 1.5 times accident
pressure. Without the extra
reinforcement, sufficient capacity
would not be provided.

Crane girder loads are not
considered in the analysis of the
shell. Reinforcement required
must be added to the design.

Concrete must be considered to
have no tensile capacity.

Such limitations are necessary to
assure structural integrity and
strain compatibility.

Load Combinations For
Containment Shell

C = 0.95D ± W
C = 0.95D ± E
C = 0.95D + Fi

1. ACI 318-63, Part IV-B,
"Structural Analysis and
Proportioning of Members -
Ultimate Strength Design".

Loads which could be
experienced during construction.
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PARAMETER

C = 0.95D + Fo
C = 0.95D + F, + To
C = 0.95D + Fo- P,

+ To
C = 0.95D + Fo ± W
C = 0.95D + Fo ± E
C = 0.95D + F, ± W

+ To
C = 0.95D + Fo ± E

+ To

C = 0.95D + F. - P,
±+W +To

C = 0.95D + Fo- P,
± E + To

C = 0.95D + Fo ± Ww
+ Wp + To

C = 0.95D + Fo ± Ww
+ To

C = 0.95D + Fa
+ 1.15P

* C = 0.95D + Fa

+ 1.5P + Ta
* C = 0.95D + Fa +

1.25W + 1.25P + Ta
* C = 0.95D + F, ±

1.25E + 1.25P + Ta
* C = 0.95D + Fa ± E'

+ P + Ta
* C = 0.95D + Fa ± 2W

+ P + Ta

SOURCE

2. FSAR Table 5.3
(for reference only).

3. Three Mile Island FSAR,
Table 5.2, Docket No.
50-289.

G/C, Inc. Structural Calcs.
FC 1.01.3 and
FC 1.01.4.

REASON

Loads which could be
experienced during normal
operating conditions.

Loads which could be
experienced during accident
conditions.

* Controlling Load Combinations
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PARAMETER

Where:
C = Required load capacity of

section.
D = Dead load of structure.
P = Design accident pressure

load.
Ps= Pressure due to

accidental spray
actuation.

WP= Internal pressure due to
tornado (vacuum).

W = Wind load based on
design wind.

Ww= Wind load based on
tornado.

E = Seismic load based on
0.05g ground motion.

F= Seismic load based on
0.10g ground motion.

F= Initial prestress.
Fo = Prestress during

operation.
Fa = Prestress during

accident.
To = Operating temperature.
Ta = Accident temperature.

SOURCE REASON

(See page 22, Load Combination
for Containment Shell.)

The loads listed, which are
reflected in the preceding load
combinations, were considered in
the design of the shell as
contributors to the membrane
loads. Application of the other
loads listed in the Design
Condition Section of this Design
Basis Document resulted in
formation of flexural and shear
stresses which were considered
independently as discontinuity
loads rather than as part of a load
combination. The required
reinforcement was added to the
design as necessary. Therefore,
the effects of discontinuity loads
were additive to the affects of the
most severe membrane forces in
a given location.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - FOUNDATION MAT N/A

PARAMETER

MATERIALS

See Containment - General

GEOMETRY

SOURCE REASON

Radius, 73'- 6 3/8"
Thickness, 12'- 6"
Bearing Elev., 80'- 6"

1 G/C, Inc. Struc. Calcs. to
evaluate 12'-6" and 22'-0"
thick base mats:
FC 1.01.1/0A through
FC 1.01.1/OH and
FC 1.01.1/1 through
FC 1.01.1/124.

2. G/C, Inc. Concrete Outline
Drawings
(for reference only).

3. Report by H. Yang on
"Comparison of Results
Between Kalnin's and
Finite Element Computer
Programs." (Filed at end of
FC 1.01.1 Structural
calculations.)

1 Dimensions established on
the basis of B&W
requirements and
recommendations and on
the results of an extensive
study investigating, optimum
mat thickness. It was
concluded that even though
excavation was greater than
anticipated and large
amounts of fill concrete were
required, it was not desirable
to increase mat thickness
beyond 12'-6".

2. Letter FPC-438, dated
12/2/68 from D. A. Skilton
(G/C) to R. B. McKnight
(FPC), "Comparative
Analysis of 12'-6" and 22'-0"
Thick Reactor Building Mats
and Foundation Treatment."

DESIGN CONDITION

Loads

See Containment - General

Analysis

Kalnin's computer programs
as described under
Containment - General,
"Analysis" for both static and
dynamic loads.

Shear stress determined
using both Kalnin's analysis
and hand calculations.

G/C, Inc. Struc. Calcs.
FC 1.01.3/600
through
FC 1.01.3/615.

Concrete not capable of carrying
imposed shear stresses without
benefit of large quantities of
reinforcing steel.

Design

Ultimate strength design for
factored loads; working stress
design for service loads.

G/C, Inc. Struc. Calc.
FC 1.01.3.

ACI 318-63, Part IV B
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - FOUNDATION MAT N/A

PARAMETER

ACCEPTANCE CRITERIA

Load Combinations

Refer to Containment -
General

SOURCE REASON

G/C, Inc. Struc. Calcs.
FC 1.01.3/0 through
FC 1.01.3/1125.
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SYSTEM NAME: CONTAINMENT - PROTECTIVE RETAINING SYSTEM CODE:
WALL AND CANTILEVER SLAB N/A

PARAMETER

MATERIALS

See Containment -General

GEOMETRY

Top of slab, El. 119.0' Wall
thickness, 2'-0"
Slab thickness, 0'-9"
Height of wall, 25'-6"

DESIGN CONDITION

Loads

See also
Containment - General

Desigqn

Working Stress Design using:

1. ACI 318-63, "Building
Code Requirements for
Reinforced Concrete."

2. "Moments and Reactions
for Rectangular Plates,"
U.S. Dept. of the Interior,
Bureau of Reclamation,
P. 10 and P. 36.

ACCEPTANCE CRITERIA

SOURCE REASON

G/C, Inc. Structural Dwgs: Wall
Drawing SC-421-002,
Slab Drawings SC-421-011 and
SC-421-014
(for reference only).

Dimensions established by
structural design and by the
postulated maximum water level
at Elev. 118.5'.

G/C, Inc. Struc. CaIc.
FC 1.01.2/1-52.

G/C, Inc. Struc. Calc.
FC 1.01.2/2.

The retaining wall is a
conventional reinforced concrete
structure and subject to standard
industry design procedures.

Analysis of two-way load carrying
capacity of wall using shear and
moment coefficients.

Load Combinations

C= D+G+H
Where:

D= Dead Load of
Structure

G = Hydrostatic
Load

H = Soil Load

NOTE: Lateral pressure due to
soil plus hurricane flood water
controls design.

G/C, Inc. Struc. CaIc.
FC 1.01.2/1 and 2.

Two loading conditions
considered:

1. Groundwater level at Elev.
70'-0" and 10'-0" of
surcharge.

2. Maximum water level at
Elev. 118'-6" and no
surcharge.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT -TENDON GALLERY N/A

PARAMETER

MATERIALS -

See Containment - General

GEOMETRY

DESIGN CONDITIONS

See Containment - General

ACCEPTANCE CRITERIA_

See Containment - General

SOURCE

G/C, Inc. Structural Drawing
SC-421-001
(for reference only).

REASON

Provide physical access to base
anchorage plate of vertical
tendons.
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SYSTEM NAME: CONTAINMENT - CYLINDRICAL WALLS, SYSTEM CODE:
HAUNCH AND BUTTRESSES N/A

PARAMETER

MATERIALS

See Containment - General

GEOMETRY

Wall Thickness, 3'-6"
Inside Diameter, 130'-0"
Height to Springline, 157'-0"

Prestressing
Vertical tendons, 144 @ 2.94'
spacing and on 67'-3-3/8"
radius

Hoop tendons,
282 @ 1.08' spacing on radius
of 67'-8-3/8"

SOURCE REASON

1. Concrete Outline Dwg.
SC-421-031.

2. Stretch Outline Dwgs.
SC-421-032
SC-421-033.

3. Sections & Details Dwgs.
SC-421-036
SC-421-043
SC-421-047.

4. Prestressing Dwgs.
SC-421-048
SC-421-049.

5. Prescon Drawings.

1. G/C, Inc. Struc. CaIcs.
FC 1.01.4/1 through
FC 1.01.4/10.

2. G/C, Inc. Struc. Calcs.
FC 1.01.8/1 through
FC 1.01.8/55.

Geometry is established by
equipment space requirements,
including that required for
maintenance and access and by
the magnitude of design loads,
which dictate member size and
arrangement.

Buttress Geometry is established to
accommodate the space
requirements of the prestressing
system.

DESIGN CONDITIONS

Prestressing

1. Account for:
- interrelationship

between:
creep and shrinkage of
concrete. Shrinkage
strain:
0.0001 inch/inch Creep
strain: (inch/inch/psi)
Vert., .000162
Hoop, 0.000401
Dome, 0.000416

prestress level
modulus of elasticity of
concrete

G/C, Inc. Struc. Calcs.
FC 1.01.7/25 through
FC 1.01.7/56.

"Report on Recommended
Concrete Creep and Shrinkage
Values for Computing
Prestressing Values," Morris
Schupack & Associates, June
1968 (Prepared for Jersey
Central Power & Light).

The parameters listed vary in
magnitude with the existing levels
of pressure and temperature to
which they are exposed. For
instance, when the containment
vessel is forced to expand due to
internal pressure, the tendons are
stretched and prestress levels
are increased.
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SYSTEM NAME: CONTAINMENT - CYLINDRICAL WALLS, SYSTEM CODE:
HAUNCH AND BUTTRESSES N/A

PARAMETER

2. Capacity of liner to resist
additional prestress limited
to 1.2 x fy = 36 ksi.

3. Limit concrete tensile stress
due to membrane loads to
200 psi.

SOURCE

G/C, Inc. Struc. CaIc.
FC 1.01.7/8 and 9.

G/C, Inc. Struc. Calc.
FC 1.01.7/9.

REASON

The liner undergoes the same
deformation as the concrete
shell. Its resistance to such
deformation is limited by its yield
strength which is assumed to be
20% greater than the guaranteed
minimum liner yield strength.

ACI 318-63, Sec. 2605 limits
tensile stress in unreinforced
concrete to

_17C1

4. Design anchorage zones
for:
a. bearing
b. spalling
c. tensile splitting
d. transfer of unbalanced

tendon forces

5. Design parameters
a. coefficient of tendon

friction, 0.16
b. wobble coefficient,

0.0003

c. max. allowable stress in
tendon - less than 70% of
minimum guaranteed
ultimate strength.

6. Draping around major
openings - establish forces
radial to opening.

1. Analysis and design of
tendon anchorage zones,
GAI Report 1730, 1970.

2. G/C, Inc. Struc. Calcs.
FC 1.01.7/56a through
FC 1.01/7/57 and
FC 1.01.8/52 through
FC 1.01.8/55.

3. G/C, Inc. Struc. CaIc.
FC 1.01.7/16.

4. G/C, Inc. Struc. Calcs.
FC 1.01.3/303-315.

FSAR Sec. 5.2.5.2.1.1.c
(for reference only).

G/C, Inc. Struc. Calc.
FC 1.01.7/16.

G/C, Inc. Struc. CaIc.
FC 1.01.7/16.

G/C, Inc. Struc. Calcs.
FC 1.01.15/1 through
FC 1.01.15/46 and
FC 1.01.16/1.

Reinforcement provided to carry
discontinuity stresses;
prestressing system carries
membrane stresses.

Extremely high stresses in the
anchorage zone require special
consideration.

Friction and wobble coefficients
were specified by Prescon for the
BBRV multi-wire tendon system.
Tests have shown the friction
coefficient to be closer to 0.08 but
use of 0.16 is conservative. The
0.0003 wobble coefficient is still
representative of industry
practice.

As required by Section 2606 of
ACI 318-63.

A draping pattern was required
which allowed tendons to pass
around openings, but such that
the radial pressure exerted in a
direction toward the opening was
minimal.
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SYSTEM NAME: CONTAINMENT - CYLINDRICAL WALLS, SYSTEM CODE:
HAUNCH AND BUTTRESSES N/A

PARAMETER SOURCE REASON

Loads

See also Containment - General

Crane Loads
Bridge Wt., 284.45K
Trolley Wt., 147.00K
Live Load, 360.00K

Crane Bracket Loads
Vertical, 280K
Radial, 65.6K
Circum., 145.5K

G/C, Inc. Struc. CaIc.
FC 1.01.9/1.

1. G/C, Inc. Struc. Calcs.
FC 1.01.9/1 through
FC 1.01.9/5.

2. AISC Specification for
Design, Fabrication, and
Erection of Structural Steel
for Buildings, 1969, Sec.
1.3.3 and 1.3.4.

Reflects 5% increase in
"approximate" loads provided by
Whiting.

Includes application of factors for
impact and development of
horizontal runway forces.

Objectives Refer to Containment - General
in this DBD under "Design
Condition - Design of Mild Steel
Reinforcement."

Provide reinforcement for local
loads:

1. Provide sufficient
reinforcement around
openings to replace the
tensile load carrying
capacity of the concrete
which was removed by the
openings, but not less than
that provided for TMI Unit 1.

2. Design for full plastic
moment capacity of pipes
penetrating the containment
wall.

3. At crane girder brackets:
a. Design for lateral force

for two wheels acting at
one point.

b. Consider longitudinal
force to act on one
wheel.

G/C, Inc. Struc. Calcs.
FC 1.01.4/14 through
FC 1.01.4/24.

G/C, Inc. Struc. Calc.
FC 1.01.12/25.

G/C, Inc. Struc. Calcs.
FC 1.01.4/30 through
FC 1.01.4/39.

The plastic moment capacity is
an upper limit on the load
capable of being transferred by
the pipe to the containment shell.

Vertical force assumed to be
carried by liner.

Bracket load distributed over 5-0"
length of wall.
Loads applied with sufficient
eccentricity to account for
erection tolerances in liner plate
location and wall thickness.
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SYSTEM NAME: CONTAINMENT - CYLINDRICAL WALLS, SYSTEM CODE:
HAUNCH AND BUTTRESSES N/A

PARAMETER

4. Haunch

a. Critical loading
combinations
(1) 0.95D + F.
+ 1.5P + Ta
(2) 0.95D + F,

b. Provide sufficient
reinforcement to carry
the moment resulting
from yielding the liner
under accident
temperature. Consider
liner yield stress of 36
ksi.

c. Invoke ultimate shear
provisions of ACI 318-63,
Chapter 17.

d. Shear transferred from
wall to mat through large
shear key.

ACCEPTANCE CRITERIA

Load Combinations

See also Containment General

SOURCE

1. G/C, Inc. Struc. Calcs.
FC 1.01.3/200-216.

2. G/C, Inc. Struc. Calcs.
FC 1.01.4/40 through
FC 1.01.4/116.

3. TMI Calculations (Computer
Analysis, dated 6/27/69).

G/C, Inc. Struc. Calc.
FC 1.01.4/47.

REASON

Haunch is thickened and heavily
reinforced in order to provide
sufficient capacity to transfer both
membrane and discontinuity
loads from the cylindrical walls
into the base mat.

Capability of the liner to induce
moments in the wall as the result
of its elongation under high
temperature exposure are limited
by its elastic properties.

1. G/C, Inc. Struc. CaIc.
FC 1.01.4/65.

2. G/C, Inc. Struc. Calc.
FC 1.01.7/8.

G/C, Inc. Struc. Calc.
FC 1.01.4/40-44.

Design for shear is dependent on
the axial force existing in the
member. In this case
compressive stress was always
less than 100 psi such that
Chapter 17 provisions apply.

Shear key provides positive
means of shear transfer.

Controlling load
combination for maximum
crane bracket load.

G/C, Inc. Struc. Calcs.
FC 1.01.9/3-5.

The loads imposed by the crane
bracket are not membrane loads
such that the critical load
combinations for the shell are not
necessarily the same as those for
an attachment to the shell.

C = D + L + E'
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - RING GIRDER N/A

PARAMETER

MATERIALS

See Containment - General

GEOMETRY

Inner radius, 20'-6"

Height (spring line to top
surface), 17'-6"

Offset at spring line, 2'-4"

Spring line location,
El. 250'-0"

SOURCE REASON

Pouring Sequence Dwg.
SC-421-336.

Stretch Outline Dwgs.
SC-421-331 through
SC-421-333.

Concrete Outline Dwgs.
SC-421-041 and
SC-421-042.

Dome Tendon Template Dwgs.
S-521-025 and
S-521-026.

Plans and Sections Dwgs.
SC-421-301 through
SC-421-324.

Details Dwgs.
SC-421-325
SC-421-326
SC-421-328
SC-421-329
SC-421-330
SC-421-335.

The ring girder contains the
terminations for two of the three
tendon systems and is, therefore,
a highly critical element of the
containment. Dome tendon
anchorage geometry is highly
complex and is established by
the arrangement of dome
tendons and by the need to also
accommodate vertical tendons.

DESIGN CONDITION

Utilize design for TMI Unit 1
except where specific
calculations for CR-3
indicate need for greater
reinforcement.

Check principle stresses to
ensure reinforcement is
located to intercept all
possible cracks.

1. G/C, Inc. Struc. Calcs.
FC 1.01.5/61-78.

2. Three Mile Island Unit 1
Structural Calculations:
TMI-RBG-1, 2 & 3.

G/C, Inc. Struc. Calcs.
FC 1.01 5/79-85.

Use of TMI calculations is
appropriate because of
similarities in geometry and
loads.

Proper orientation of shear
reinforcement is dependent on
magnitude and orientation of
applied loads.

Ensuring design adequacy in
anchorage zones is a complex
task and requires consideration
of recommendations from each of
the following references:

Tendon Anchoraqe

a. Reinforce for:
- crack control
- bursting
- spalling

G/C, Inc. Struc. Calcs.
FC 1.01.5/100 through
FC 1.01.5/114a.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - RING GIRDER N/A

PARAMETER

b. Provide reinforcing so
as to not prevent
effective placement and
consolidation of
concrete.

SOURCE

Good engineering practice.

REASON

1. Guyon, "Prestressed
Concrete."

2. Leonhardt, "Prestressed
Concrete - Design and
Construction."

3. Zielinski & Rowe, Research
Report.

4. S.J. Taylor, "Anchorage
Bearing Stresses," Paper
No. 49, ICE Conference,
London 1967.

5. Burns & Rowe, TMI PSAR
Unit 2

6. Iyengar, ASCE Journal,
March 1971.

7. P. Gergely, M.A. Sozen,
C.P. Siess, "Civil
Engineering Studies -

Structural Series", No. 271,
Chapter 4.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - DOME N/A

PARAMETER

ACCEPTANCE CRITERIA

Load Combinations

See Containment - General

MATERIALS

See Containment - General

GEOMETRY

Ellipsoidal Dome
Short Radius, 20'-6"
Long Radius, 110'-0"
Thickness, 3'-0"

SOURCE REASON

1. G/C, Inc. Struc. Calcs.
FC 1.01.17/1-63

2. Outline & Embedded
Steel Dwg. - SC-421-046.

3. Reinforcement Dwgs. -
SC-421-045
SC-421-341
SC-421-342
SC-421-343
SC-421-344
SC-421-345.

4. Repair Drawing -
SC-421-050.

5. Pouring Sequence
Drawing - SC-421-337.

The dome for CR-3 containment
is similar to the design for the
TMI Unit 1 project.

Tendons, 3 layers of 41 each
@ 30" plan spacing.

DESIGN CONDITION

Loads

See Containment - General

Desiqn

Design of concrete dome is
identical to that for TMI Unit 1:

1. Derivations of equation for
tendons forces, stress in the
tendons.

Prescon Drawing
Sheet D-12,
Detail # P10A.

TMI-DT-1 to 75.

TMI-DR-1 to 6.

Develop geometry.

2. Dome reinforcement.

3. Utilization of liner and conduit
to carry construction loads.

G/C, Inc. Struc. Calcs.
FC 1.01.20/1-42.

Facilitate construction by
eliminating falsework to support
concrete placement.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - DOME N/A

PARAMETER

Delamination Repair

Design bases differ from the
original as follows:

1. Concrete compressive
strengths:
old, 5000 psi
new, 6000 psi

2. Allowable membrane
compression stress in
concrete:
old, 2250 psi
new, 2700 psi

3. Allowable membrane tensile
stress in concrete under
factored loads:
old, 212 psi
new, 0

4. Allowable extreme fiber
tension stress under factored
loads:
old, 424 psi
new, 0

5. Allowable compressive strain
in liner:
old, not specified
new, ASME Sec. III, Div. 2

SOURCE REASON

Final Report, "Reactor Building
Dome Delamination, December
10, 1976. This report is the
source document for all material
presented here under
"Delamination Repair."

Existing strength levels rather
than minimum specified strengths
were used in the evaluation of the
dome following delamination.

The evaluation of the
delaminated dome presumed that
the concrete had no tensile
capacity.

(See page 42, Delamination
Repair.)

Allowable liner strains vary,
according to the ASME Code,
with the loading combination. The
allowable strain is generally
0.002"/inch for non-accident
conditions and 0.005"/inch for
accident conditions.

6. Allowable tension stress in
liner:
old, fy
new, ASME Sec. III, Div. 2

- stress corresponding
to allowable strain.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - DOME N/A

PARAMETER

Controllingq Load Combinations

U= 1.0D+1.0F
U= 1.0D+1.0F+1.0

T.
U= 1.0D + 1.0F +

1. 15P + 1.0 Tt

U= 1.0D+1.0F+
1.5P + Ta

U= 1.OD+1.0F+
1.OTa

Where:
D = Dead Load
F = Prestress Force
T, = Operating

Temperature
Ta = Accident

Temperature
Tt = Test Temperature
P = Accident Pressure

Purpose of Analysis

Demonstrate safety and
serviceability of the structure.

Analytical Methods

Kalnin's Static
Computer Program

Results of Analysis

Structure, as repaired, is safe
and functional.

ACCEPTANCE CRITERIA

See Containment - General

SOURCE

Final Report, "Reactor Building
Dome Delamination," December
10, 1976, Table 2.3.

REASON

These load combinations were
found to be critical.

Final Report, "Reactor Building
Dome Delamination," December
10, 1976.

Final Report, "Reactor Building
Dome Delamination," December
10, 1976.

Final Report, "Reactor Building
Dome Delamination," December
10, 1976.

Method used for original analysis.

Analyses concluded that the
delaminated structure was not
capable of carrying all design
loads and that repairs would be
appropriate to do so.
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SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - LINER N/A

PARAMETER

MATERIALS

SOURCE REASON

FSAR Sec. 5.2.2.4.1
(for reference only).

Plate

ASTM A283
Grade C
fy = 30 ksi
in most areas

1. G/C, Inc. Specification
SP-5566 (for reference
only).

2. FSAR Sec. 5.2.2.4
(for reference only).

Conformance to:
"Safety Standard for Design,
Fabrication and Maintenance of
Steel Containment Structures for
Stationary Nuclear Power
Reactors," ASA N6.2, 1965

ASTM A283 is a carbon steel
plate material intended for
general application where
availability and economy rather
than material properties are of
greatest significance.

ASTM A516 is a higher strength
material produced for improved
toughness and good weldability.
These properties are important
where this material is, used.

ASTM A516
Grade 60 or 70 for:
1. Thickened plate around

crane girder brackets
2. Liner reinforcement

around penetrations.

Rolled sections

ASTM A36 for:
1. Liner attachments
2. Anchors for polar crane

supports
3. Test channels
4. Stiffeners

Welding

E70XX electrodes

1. G/C, Inc. Specification
SP-5566 (for reference
only).

2. FSAR Sec. 5.2.2.4
(for reference only).

1. G/C, Inc. Specification
SP-5566 (for reference
only).

2. FSAR Sec. 5.2.2.4
(for reference only).

G/C, Inc. Structural Drawings
S-521-017
S-521-018
S-521-030.

Rolled sections are most readily
available in ASTM A36 material,
the standard structural steel
material.

Required by ASME Boiler and
Pressure Vessel Code and by
AISC Specification.

GEOMETRY

Thickness
Base liner and
sump, 1/4"

Liner thickness determined by
loads experienced during
operating or accident conditions.

Main liner, 3/8"

Knuckle plate, 3/4"

FSAR Sec. 5.2.2.4
(for reference only).

G/C, Inc. Struc. Calc.
FC 1.01.2.3.

Tab 1/1, Revision 6



FM 6.5 Exhibit 12 page 39 of 47

CRYSTAL RIVER UNIT 3 Page 36 of 44 Rev. 6
DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - LINER N/A

PARAMETER

Inside diameter, 130'-0"
Cylinder height, 157'-0"
Ellipsoidal dome
Short radius, 20.5'
Long radius, 110.0'

Haunch dimensions
Height, 10'-0"
Base thickness,

2'-0"

Radius at top,
20'-0"

Knuckle plate radius,
10"

DESIGN CONDITIONS

Loads

SOURCE

FSAR Sec. 5.2.5.2.2
(for reference only).

1. G/C, Inc. Struc. Calcs.
FC 1.01.4/11 through
FC 1.01.4/13.

2. G/C, Inc. Struc. Drawing
SC-421-031
(for reference only).

REASON

Liner geometry is a function of
overall containment geometry.

Based on Three Mile Island
dimensions.

Dead Load of Liner
Erection Loads
Wind Loads

100 psf load on liner
(prior to placement of
dome concrete).

Design pressure,
55 psig

Design temp., 281'F

Operating pressure,
+1 to -1 psig
Operating temp.,
Inside +900 to 110°F
Outside +25° to 100°F

Design vacuum,
2.5 psig

G/C, Inc. Specification SP-5566
(for reference only).

FSAR Sec. 5.2.5.2.2
(for reference only).

Liner required to be
self-supporting during
construction period prior to
placement of containment shell
concrete.

Parameters specified by B&W as
a result of their LOCA analyses.

FSAR Sec. 5.2.5.2.2
(for reference only).
FSAR Sec. 5.2.5.2.2
(for reference only).

FSAR Sec. 5.2.5.2.2
(for reference only).

FSAR Sec. 5.2.5.2.2
(for reference only).

DESIGN CONDITIONS

Occurring as the result of an
accidental actuation of the
Reactor Building Spray System.

Details of liner anchorage for
CR-3 are identical to those for
TMI 1.

Conservative, relatively simple
analysis.

1. Anchor to shell to ensure
composite action and
prevent buckling of liner.

2. Analyze as flat plate fixed
against rotation at stiffener
angles.

TMI Calculation 18.00.

1. FSAR Section 5.2.4.2
(for reference only).

2. TMI Calculations.

Tab 1/1, Revision 6
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CRYSTAL RIVER UNIT 3 Page 37 of 44 Rev. 6

DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - LINER N/A

PARAMETER

3. Space stiffener angles so
that critical buckling stress
exceeds yield strength.

4. Evaluate stress
concentration at openings
and reinforce as necessary.
Replace lost metal area as

required by ASME Unfired
Pressure Vessels Code.

5. Provide compressible
material at knuckle plate.

6. Design liner/ anchor welds
to fail before liner is
breached.

7. Support dead and wind
loads during erection
period.

ACCEPTANCE CRITERIA

Strain not exceeding
0.005 in/in, nor that
corresponding to minimum yield
strain.

SOURCE

1. FSAR Section 5.2.5.2.2
(for reference only).

2. G/C, Inc. Struc. Calcs.
FC 1.01.13/0-37.

1. ASME Unfired Pressure
Vessel Code.

2. FSAR Sec. 5.2.5.2.2
(for reference only).

FSAR Sec. 5.2.4.2.1
(for reference only).

FSAR Sec. 5.2.5.2.2
(for reference only).

G/C, Inc. Struc. Calcs.
FC 1.01.14/65-86.

REASON

Buckling cannot occur.

In accordance with Levy,
McPherson, & Smith,
"Reinforcement of a Small
Circular Hole in a Plate Sheet
Under Tension," Journal of
Applied Mechanics, June 1948.

Absorbs strains from DBA
conditions.

This is a fail-safe condition to
assure no loss of containment.

Analysis carried out by Chicago
Bridge and Iron.

FSAR Sec. 5.2.5.2.1
(for reference only).

Ensures ductility and leak
tightness. This number
corresponds to the current
requirement under accident
conditions specified by the ASME
Boiler and Pressure Vessel
Code.

Liner leak rate at 55 psig
pressure:

0.25%/24 hours

1. G/C, Inc. Specification
SP-5566 (for reference
only).

2. FSAR Sec. 5.2.5.2.2
(for reference only).

Tab 1/1, Revision 6
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CRYSTAL RIVER UNIT 3 Page 38 of 44 Rev. 6
DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - PENETRATIONS N/A

PARAMETER

MATERIALS

Attachment Plates

SOURCE REASON

G/C, Inc. Specification SP-5566
(for reference only).

Pipes f 4" O.D.

SA-240, Type 304
Su, 75 ksi
Sy, 30 ksi
Sm, 20 ksi
Sv, 52.5 ksi

Pipes F 4" O.D.

SA-516, Grade 60
or 70
Su, 60 ksi
Sy, 32 ksi
Sm, 20 ksi
Sv, 42 ksi

G/C, Inc. Struc. CaIc.
FC 1.01.12/4.

Stainless steel plate for
application to unfired pressure
vessels.

G/C, Inc. Struc. Caic.
FC 1.01.12/3, 4.

Weldable, carbon steel. Provides
an austenitic weld requiring no
heat treatment. Residual
stresses are tolerable.

Sleeves

(Including personnel and
equipment hatches)

1. SA-516, Grade 60
or70

2. SA-333, Grade I
Su, 55 ksi
Sy, 30 ksi
Sm, 18.3 ksi
Sv, 38.5 ksi

Sleeve material conforms to
SA-300 for notch toughness.

FSAR Sec. 5.2.2.4
(for reference only).
G/C, Inc. Struc. CaIc.

FC 1.01.12/4.

1. FSAR Section 5.2.2.4
(for reference only).

2. G/C, Inc. Specification
SP-5566 (for reference
only).

1. SA-516 used for fabricated
sleeves.

2. Both SA-333 and SA-516
are medium strength steels
with desirable toughness
properties.

Provides notch toughness
requirements for pressure vessel
steel, potentially subject to low
temperatures.

Process Pipe

SA 106, Grade B
S,, 60 ksi
Sy, 35 ksi
Sm, 20 ksi
Sv, 42 ksi

SA 312, Type 316
Su, 75 ksi
Sy, 30 ksi
Sm, 20 ksi
S., 52.5 ksi

G/C, Inc. Struc. Calc.
FC 1.01.12/5.

G/C, Inc. Struc. CaIc.
FC 1.01.12/5.

Typical process pipe materials. It
is the process pipe which
imposes the load on the
penetrations.

Tab 1/1, Revision 6
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CRYSTAL RIVER UNIT 3 Page 39 of 44 Rev. 6
DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - PENETRATIONS N/A

PARAMETER

Electrical Penetration Assemblies

SOURCE REASON

Canister:
SA 333, Grade I

Header Plate:
SA 240, Grade 304

Weld Ring:
SA 516, Grade 70

1. FSAR Sec. 5.2.2.4
(for reference only).

2. G/C, Inc. Struc. Calc.
FC 1.01.12/3.

G/C, Inc. Specification SP-5566
(for reference only).

All tough, weldable materials.

Insulation

Unibestos

GEOMETRY

Used on hot penetrations to
insulate concrete and to prevent
localized high stresses due to
thermal affects.

Equipment Hatch I.D.,
22'-4"

Sleeves, Schedule 80
(with exceptions)
O.D., 12" to 18"

Personnel Air Locks (2)
I.D., 10'-0"

DESIGN CONDITION

General

FSAR Sec. 5.2.5.2.3.3
(for reference only).

Equipment hatch sized to permit
removal of steam generator and
reactor vessel head.

G/C, Inc. Specification SP-5566
(for reference only).

FSAR Sec. 5.2.2.4.1
(for reference only).

Personnel access hatches are a
standard size typical for nuclear
plant containment.

1. According to "Safety
Standard for Design,
Fabrication, and
Maintenance of Steel,
Containment Structures for
Stationary Nuclear Power
Reactors," ASA N6.2, 1965

2. ASME Nuclear Vessels
Code for Class B Vessels

Loads from PipinQ Penetrations
for Desicninaq Liner and Shell

Full plastic moment capacity of
the process pipe to ensure that
piping penetrations and
attachments to liner are stronger
than the pipe itself.

1. FSAR Sec. 5.2.5.2.3
(for reference only).

2. G/C, Inc. Struc. Calc.
FC 1.01.12/1.

The plastic moment capacity of
the process pipe is the largest
load it is capable of transferring
to the liner and shell.

Tab 1/1, Revision 6
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CRYSTAL RIVER UNIT 3 Page 40 of 44 Rev. 6
SProgress Energy DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - PENETRATIONS N/A

PARAMETER

M= ZSu
V= PA
T= RAF

where:
M = Design Moment
V = Design Shear
T = Design Torsional

Moment
Z = Plastic Section

Modulus of Process
Pipe

P = Design Internal
Pressure for Process
Pipe

A = Flow Area of Process
Pipe

Su = Ultimate Tensile
Strength

R = Mean Radius of
Process Pipe

F = Ultimate Shear
Strength = 0.7S,

Test Pressure

63.3 psi (1.15 x
containment design
pressure) on air lock, and
mechanical and electrical
penetration annulus areas
except 69 psi on air locks
between doors.

SOURCE REASON

Other Criteria

Closed piping systems that
penetrate containment shall have
relief devices to minimize the
possibility of excess pressure if
the fluid is heated and expands
during accident scenarios, i.e.,
LOCA/MSLB.

Reinforce around
penetrations by replacing
cut out area of 3/8" liner
plate.

1. G/C, Inc. Specification
SP-5566 (for reference
only).

2. Safety Guide 1.18
(currently Regulatory Guide
1.18, USNRC).

G/C, Inc. Struc. Calcs.
FC 1.01.14/0 through
FC 1.01.14/44.

1. MAR 96-10-04-01, RB
Containment Expansion
Chambers

2. MAR 98-08-02-01, Replace
Rupture Disc with Relief
Valves.

1. ASME Boiler and Pressure
Vessel Code.

2. G/C, Inc. Specification
SP-5566 (for reference
only).

All pressure boundaries must be
demonstrated to be air tight.

Generic Letter 96-06:
Assurance of Equipment
Operability and Containment
Integrity During Design-Basis
Accident Conditions.

As required for Three Mile Island
Unit 1.

Tab 1/1, Revision 6
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CRYSTAL RIVER UNIT 3 Page 41 of 44 Rev. 6
DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - PENETRATIONS N/A

PARAMETER

Lowest service metal
temperatures
a. inside containment,

120'F.
b. outside containment,

+25°F.

Desion of Personnel Air Locks

SOURCE

G/C, Inc. Specification SP-5566
(for reference only).

REASON

and Equipment Access Hatch
1. G/C, Inc. Struc. Calc.

FC 1.01.14.
2. FSAR Sec. 5.2.5.2.3.1

for reference only).

In accordance with ASME Boiler
and Pressure Vessel Code,
Section III for Class B Vessels.

Design of Outage
Equipment Hatch

1.
2.

Calc S-99-0351
FSAR Sec. 5.2.5.2.3.1
(for reference only).

In accordance with ASME Boiler
and Pressure Vessel Code,
Section VIII.
(no stamp required).

Simple, familiar analysis
providing reliable results.

Analysis

Use Kalnin's computer
program for axisymmetric
shells of revolution.

ACCEPTANCE CRITERIA

Average membrane (local
and general)

stress < 1.5 Sy or 1.8
SM, whichever is
greater - to be checked
at discontinuities.

Bending stress
<1.5 Sy or 1.8 Sm,
whichever is greater - to be
checked away from
discontinuities.

G/C, Inc. Struc. Calc.
FC 1.01.12/6.

1. G/C, Inc. Struc. Calc.
FC 1.01.12/5.

2. FSAR Section 5.2.2.4.1
for reference only).

As required by the ASME Boiler
and Pressure Vessel Code,
Section III, Class B.

Tab 1/1, Revision 6
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CRYSTAL RIVER UNIT 3 Page 42 of 44 Rev. 6
I~ProgressEnerg~ DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:

CONTAINMENT - PENETRATIONS N/A

PARAMETER SOURCE REASON

Shear stress < 0.7 Su

where:
Su = Ultimate

Tensile

Strength
Sy = Yield Strength

Sm = Design Stress
Intensity

Sv = Ultimate Shear
Strength

as defined by the ASME
Code.

Tab 1/1, Revision 6
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CRYSTAL RIVER UNIT 3 Page 43 of 44 Rev. 6

DESIGN BASIS DOCUMENT

SYSTEM NAME: CONTAINMENT - EQUIPMENT ACCESS SYSTEM CODE:
SHIELD STRUCTURE N/A

PARAMETER

MATERIALS

See Containment - General

SOURCE REASON

G/C, Inc. Struc. Caic.
FC 1.01.24/1.

GEOMETRY

3-0" roof slab and walls

DESIGN CONDITION

Loads

See Containment - General

G/C, Inc. Structural Drawings
SC-421-043 and
SC-421-047.

G/C, Inc. Struc. Calcs.
FC 1.01.24/1 through
FC 1.01.24/19.

1. G/C, Inc. Struc. CaIc.
FC 4.01.1/1-18.

2. DBD for Major Class I
Structures, "Loads-
Tornado Missile."

Primary purpose of structure is to
protect personnel access from
tornado missile impact.

Simplified, conservative means of
considering impact load.

Missile load

Equivalent static force of 270
kips.

ACCEPTANCE CRITERIA

U= Wm
U= D+Ww

Where:
D = Dead Load

Ww = Tornado Wind
Wr, = Tornado

G/C, Inc. Struc. Calcs.
FC 1.01.24/1 through
FC 1.01.24/19.

See "Containment - General" in
this DBD.

Missile
Load

Tab 1/1, Revision 6
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CRYSTAL RIVER UNIT 3 Page 44 of 44 Rev. 6

DESIGN BASIS DOCUMENT

SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - PLANT VENT N/A

PARAMETER

MATERIAL

SOURCE REASON

Concrete Anchors

Nelson Studs

Skin

ASTM A36

Stiffeners

ASTM A36

G/C, Inc. Struc. Caic.
FC 1.01.6/1A.

G/C, Inc. Struc. Dwg. S-521-051
(for reference only).

G/C, Inc. Struc. Dwg. S-521-051
(for reference only).

Economical method for anchoring
plates to concrete members prior
to concrete placement.

Economical, readily available
material.

Standard material for structural
shapes.

GEOMETRY

1/4" plate Rectangular tube
stiffeners

1. G/C, Inc. Struc. Calcs.
FC 1.01.6/1A and
FC 1.01.6/5.

2. G/C, Inc. Struc. Dwg.
S-521-051 (for reference
only).

Conventional plate thickness for
applications to ducts of this size.

DESIGN CONDITION

Loads

Wind

0 - 50'
50 - 150'
150 - 400'

50 psf
75 psf
110 psf

Seismic

G/C, Inc. Struc. CaIc.
FC 1.01.6/1.

G/C, Inc. Struc. CaIc.
FC 1.01.6/6.

G/C, Inc. Struc. Calc.
FC 1.01.6/1.

Loads derived from ASCE Paper
No. 3269, "Wind Forces on
Structures," Vol. 126, 1961.

Seismic loads found to be
negligible.

See Containment - General

Internal Pressure HVAC requirement.

45 psf (8" H20)

ACCEPTANCE CRITERIA

Max. Allow. Deflection, 1/4"
Allowable stresses on steel
as defined by AISC
Specification.

G/C, Inc. Struc. Calcs.
FC 1.01.6/1 through
FC 1.01.6/9.

Specification of a maximum
allowable deflection of 1/4" is
based on reasonable engineering
judgment based on past
experience with similar
structures.

Tab 1/1, Revision 6
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3. Laboratory analysis on twenty-two samples of the
filler grease disclosed that the grease was free of
unacceptable nitrate, chloride, sulfide or water
contamination.

3.4 Tendon Lift-Off Force

1. Lift-off force measurements were made on ten hori-
zontal, plus six dome, plus three upper vertical
tendon ends. All lift-off measurements were within
the procedure specified acceptance criteria. Refer
to Table 1.

One end lift-off measurement was used for the ver-
tical tendons.

3.5 Tendon Detensioning/Retensioning and Wire Tests

1. Broken, damaged or slipped wires were not noted
during wire inspection operations on surveillance
tendons 13H40, 56V2 and DI05. None of the sur-
veillance tendons exhibited lift-off forces above
or below the procedure specified maximum or mini-
mum. The +3% (of initial) lift-off criteria was met
and was deemed acceptable.

2. The visual inspection of the three removed tendon
wires showed no significant signs of corrosion or
damage. There were minor handling marks from the
extraction tool.

3. Three wire samples were removed. The samples were
measured, tagged and wrapped. They were then sent
to Professional Service Industries, (PSI),
Pittsburgh, Pennsylvania for testing. The samples
were cut into three coupons (one at each end and at
mid-length) and subjected to breaking tests per
ASTM 421. The wire coupons showed tensile
strengths in excess of 240 ksi minimum required.

4. The "as found" elongation for the three sur-
veillance tendons differed from the "proportioned"
original elongation. Horizontal tendonl13H40
"shop-end" was 7.2% above; dome tendon DIOS
"field-end" was 17.8% above; and vertical tendon
56V2 was 9.5% below the respective proportioned
original elongations. The.procedure specified
acceptable criteria is + 5%. See Table 2.

--5--

TP415ds
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Crystal River Unit 3 Post-Tensioning System:
5th In-Service Tendon Surveillance Test Report: Revision 0

TABLE 7: SUMMARY OF TENDON WIRE TENSILE TEST RESULTS

WIRE YIELD ULTIMATE LOCATION
TENDON SAMPLE STRENGTH TENSILE PERCENT OF WIRE
NUMBER LOCATION (ksi @ 1% Ext) STRENGTH (ksi) ELONGATION FAILURE (in)

D231
RANDOM

WIRE

46H47
RANDOM

WIRE

56V15
RANDOM

WIRE

56V15
NON

TENSION
WIRE

46H29
RANDOM

WIRE

46H29
BROKEN

WIRE
1 OF 3

46H29
BROKEN

WIRE
2 OF 3

46H29
BROKEN

WIRE
3 OF 3

SHOP
CENTER

FIELD

SHOP
CENTER

FIELD

SHOP
CENTER

FIELD

SHOP
CENTER
FIELD

SHOP
CENTER

FIELD

SHOP
CENTER

FIELD

SHOP
CENTER

FIELD

SHOP
CENTER

FIELD

219.0
219.0
221.0

226.0
225.0
227.0

212.0
216.0
212.0

220.0
216.0
215.0

227.0
226.0
229.0

217.0
217.0
214.0

221.0
227.0
227.0

222.0
219.0
215.0

243.0
239.0
244.0

251.0
252.0
253.0

244.0
243.0
243.0

245.0
243.0
243.0

253.0
253.0
254.0

242.0
242.0
242.0

253.0
252.0
252.0

245.0
242.0
240.0

6.3
6.4
6.2

8.5
7.8
8.1

7.8
6.5
8.7

8.5
7.9
8.6

7.4
7.1
7.5

8.3
8.7
8.5

8.5
8.5
8.5

7.8
8.7
7.5

1.0 *
5.3 *
0.5 *

0.3 *
0.3 *
4.5 *

8.5 *
2.0 *
8.5 *

7.5 *

1.6 *
2.0 *

0.2 *
0.2 *
3.0 *

7.8 *
0.5 *
8.5 *

8.8 *
8.9
3.3 *

8.5 *

8.5 *
0.5*

ACCEPTANCE 204.0 240.0 4.0
CRITERIA (min) (min) (min) N/A

* Distance From Moving Jaw

19
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Crystal-River Unit 3 Post-Tensioning System:
5th In-Service Tendon Surveillance Test Report: Revision 0

TABLE 7: SUMMARY OF TENDON WIRE TENSILE TEST RESULTS

of 10

WIRE YIELD ULTIMATE LOCATION
TENDON SAMPLE STRENGTH TENSILE PERCENT OF WIRE
NUMBER LOCATION (ksi @ 1% Ext) STRENGTH (ksi) ELONGATION FAILURE (in)

D231 SHOP 219.0 243.0 6.3 1.0 *
RANDOM CENTER 219.0 239.0 6.4 5.3 *

WIRE FIELD 221.0 244.0 6.2 0.5 *

46H47 SHOP 226.0 251.0 8.5 0.3 *
RANDOM CENTER 225.0 252.0 7.8 0.3 *

WIRE FIELD 227.0 253.0 8.1 4.5 *

56V15 SHOP 212.0 244.0 7.8 8.5 *
RANDOM CENTER 216.0 243.0 6.5 2.0 *

WIRE FIELD 212.0 243.0 8.7 8.5 *

56V15
NON SHOP 220.0 245.0 8.5 7.5 *

TENSION CENTER 216.0 243.0 7.9 1.6-*
WIRE FIELD 215.0 243.0 8.6 2.0 *

46H29 SHOP 227.0 253.0 7.4 0.2 *
RANDOM CENTER 226.0 253.0 7.1 0.2 *

WIRE FIELD 229.0 254.0 7.5 3.0 *

46H29
BROKEN SHOP 217.0 242.0 8.3 7.8 *

WIRE CENTER 217.0 242.0 8.7 0.5 *
1 OF 3 FIELD 214.0 242.0 8.5 8.5 *

46H29
BROKEN SHOP 221.0 253.0 8.5 8.8 *

WIRE CENTER 227.0 252.0 8.5 8.9 *
2 OF 3 FIELD 227.0 252.0 8.5 3.3 *

46H29
BROKEN SHOP 222.0 245.0 7.8 8.5 *

WIRE CENTER 219.0 242.0 8.7 8.5 *
3 OF 3 FIELD 215.0 240.0 7.5 0.5 *

ACCEPTANCE 204.0 240.0 4.0

CRITERIA (min) (min) (min) N/A

* Distance From Moving Jaw

19
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20Tll YEAR SURVEILLANCE OF TIlE
POST-TENSIONING SYSTEM AT THE
CRYSTAL RIVER NUCLEAR PLANT

UNIT3

Florida
Power
CORPORATION

-,I• t
VI. -WIRE INSPECTION AND TESTING

One wire was scheduled for removal from each detensioned tendon for visual inspection and tensile
testing. PSC Procedure SQ 10.3 outlines the details involved with the wire testing and the data was
recorded on Data Sheets SQ 10.2 and SQ 10.3 with the results summarized in Table X.

All wire diameters were within the acceptance criteria of 0.27559 ± 0.002". The corrosion condition of
all samples was level I - "bright metal; no visible oxidation" and the Ultimate Strength exceeded the
minimum strength criteria of 240,000 psi (240 ksi) for all wire samples tested.

:1

!1

'k...,

.1

.i

40



* FM 6.2 Exhibit 4C. C
20TH YEAR SURVEILLANCE OF TIlE
POST-TENSIONING SYSTEM AT THE
CRYSTAL RIVER NUCLEAR PLANT

UNIT 3

Page 7 of 10

Florida
Power
CORPORATION

* TABLE X: SUIMMARY OF DATA SHEETS SQ 10.2 & 10.3 - VISUAL INSPECTION AND TENSILE TESTING OF WIRE

TENDON SAMPLE CORROSION SAMPLE DIAMETER YIELD ULTIMATE 'ACCEPTABLE
No. LEVEL LOCATION (IN) STRENGTH STRENGTH

(Fr) (PSI) (PSI)

61V21 1 1 20-29 0.275 210,770 249,197 "YES

2 1 90-99 0.275 210,251 251,793 YES

3 1 170 - 179 0.275 209,212 242,966 YES

D304 1 1 20-29 0.2755 213,614 244,138 YES

2 1 60-69 0.2755 213,614 241,552 YES

3 1 100-109 0.2755 217,236 250,864 YES

421135 1 1 20-29 0.276 210,286 241,219 YES

2 1 70- 79 0.276 210,802 246,375 YES

3 1 140-149 0.276 212,864 253,077 YES

51H26 1 1 10-19 0.2745 210,512 254,293 YES

2 1 70-79 0.2745 209,990 248,560 YES

3 1 140- 149 0.2745 216,766 243,869 YES

511126 IA 1 10-19 0.2745 215,202 250,645 YES

2A 1 70-79 0.2745 214,160 253,251 YES

3A I 146-155 0.2745 220,415 257,942 YES

621141 1 1 20 - 29 0.2755 211,545 247,760 YES

2 1 70-79 0.2755 213,614 245,173 YES

3 1 140-149 0.2755 214,390 241,552 YES
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25TI YEAR SURVEILLANCE OF TIHE
POST-TENSIONING SYSTEM AT TIlE Florida Power
CRYSTAL RIVER NUCLEAR PLANT A g E ym

UNIT 3 A Progress Energy Company

VI. WIRE INSPECTION AND TESTING

One wire was scheduled for removal from each detensioned tendon for visual inspection and tensile
testing. PSC Procedure SQ 10.3 outlines the details involved with the wire testing and the data was
recorded on Data Sheets SQ 10.2 and SQ 10.3 with the results summarized in Table X.

All wire diameters were within the acceptance criteria of 0.27559" + 0.002". The corrosion condition
of all samples was level 1 - "Bright metal, no visible oxidation", or level 2 - "Metal reddish brown
color; no pitting". Also, the ultimate strength exceeded the minimum strength criteria of 240,000 psi
(240 ksi) for all samples tested.
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25TII YEAR SURVEILLANCE OF THE
POST-TENSIONING SYSTEM AT THE Florida Power
CRYSTAL RIVER NUCLEAR PLANT A Progress Energy Cmpny

UNIT 3 r

TABLE IX: SUMMARY OF DATA SHEETS SQ 10.2 & 10.3 - VISUAL INSPECTION AND TENSILE TESTING OF WIRE

t-Jm.J

TENDON SAMPLE CORROSION SAMPLE DIAMETER YIELD ULTIMATE ACCEPTABLE
No. LEVEL LOCATION (IN) STRENGTH STRENGTH

(FT) (PSI) (PSI)

45V14 1 2 20-29 .275 226,477 267,691 YES

2 2 90 - 99 .275 224,249 266,020 YES

3 2 170-179 .275 228,148 265,184 YES

531116 1 1 10-19 .275 227,312 272,146 YES

2 1 70-79 .275 231,211 266,298 YES

3 1 140-149 .275 233,160 272,703 YES

D339 1 1 20-29 .275 230,097 265,463 YES

2 1 50- 59 .275 231,489 257,944 YES

3 1 90- 99 .275 230,097 265,184 YES
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FM 6.2 Exhibit 4 Page 10 of 10

DOCUMENT NUMBER: CR-NI002-504 REVISION: 0 PAGE: 42
DOCUMENT TITLE. FINAL REPORT FOR THE 30"' YEAR CONTAINMENT IWL INSPECTION

PROJECT TITLE: 30'" YEAR TENDON SURVEILLANCE AT CRYSTAL RIVER DATE: 01124108 P#T

9.0 WIRE INSPECTION AND TESTING

9.1 One tendon from each group (Vertical, Hoop, Dome) was completely detensioned. A single wire was
removed from each detensioned tendon for inspection and testing. Each removed wire was examined
over its entire length for corrosion and mechanical damage. Three samples from each wire were tested
for diameter, yield strength, ultimate tensile strength and elongation. PSC Procedures SQ 10.2 and SQ
10.3 outline the details and acceptance criteria pertaining to the wire removal and testing. All data was
recorded on Data Sheets SQ 10.2 and SQ 10.3 and the results summarized in Table 48.

9.1-1 All wire diameters were within the acceptance criteria of 0.2756 + 0.002".

9.1.2 The corrosion level for all of the test wires were:

I - Bdght metal; no visible oxidation.

9.1.3 No mechanical damage was noted on any of the wires.

9.1.4 The yield strength of the wires tested exceeded the minimum acceptance criteria of 192,000 psi at 1%
elongation. The lowest recorded yield strength was 225,678 psi.

9.1.5 The Ultimate Strength of the wires tested exceeded the minimum strength criteria of 240,000 psi on all
samples. The lowest recorded ultimate strength was 257,305 psi.

9.1.6 The percent elongation at sample failure exceeded the required minimum of 4.0% on all samples tested.
The recorded elongation on the samples varied from 4.5% to 5.3%.

I
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ýPýAI31E4: S 102 S 103 -VIUA, iI*$.P.t-O tNk-tNI TETN OFWRE 1

TENDON I SW
1'8

.2
JI-

a: ii,ii
ii

C-
- . - - -

1 1 10'-20' 276 227,805 259.164 4.6 YES

51 H34 2 1 706-80' .276 226.210 262.353 51 YES

3 1 140'-150 .276 225.678 260.227 4.8 YES

1 1 10'-20' .275 230.535 263.194 4.6 YES

61V17 2 1 901-100L .275 229.464 263.194 5.0 YES

3 1 170'-180' 275 230.000 265.871 5.3 YES

1 1 10'-20' .275 230.000 260.517 47 YES

D238 2 1 50'-60" .275 229.464 257,305 4.5 YES

3 1 1001-110 .275 228393 263.194 50 YES
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Historical SEEK data - CR3

RAN: 176000-0609
DOCNO: ITRL4, RPT

DATE: 112/07/1976

TRAILER FOUR DOCUMENTATION, MISCELLANEOUS ENGINEERING
TITLE: INFORMATION, REACTOR CONTAINMENT, STRUCTURAL INTEGRITY

TEST

VEND: .G15000, GILBERT ASSOCIATES INC, GAL, 312637

LOC: ITSC VAULT, ROW 5, SHELF 6D, BOX 462

RETEN: LIFE OF POLICY + 10
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ENCLOSURE 2

FLORIDA POWER CORPORATION
QUALITY ASSURANCE RECORD

TRANSMITTAL

ATTENTION: RECORDS MANAGEMENT SECTION (NR2A)
CRYSTAL RIVER UNIT NO. 3

DOCUMENTS TRANSMITTED:

-r I-i a- 14et~jA (Iveg~

JAey41-

The Quality Assurance Records listed above are hereby
inclusion in the Plant Quality File.

These records are complete and in compliance with the
Power Corporation's Quality Program.

transmitted for

requirement of Florida

DATE q t -7
Responsible Supervisor/Designee

RECEIPT ACKNOWLEDGEMENT BY:

DATE
Manager, Nuclear Information Resources/Designee

FUTURE RETENTION OF THESE RECORDS IS THE RESPONSIBILITY OF RECORDS MANAGEMENT.

AI-1100 Rev. 31 Page 82 (LAST PAGE)
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U
£ 1.0 PURPOSE

This report presents a detailed description of the Structural

Integrity Test (SIT) performed on the Crystal River Unit 3 Nuclear

j Generating Plant (CR3) reactor containment building during October

and November 1976. During the SIT the reactor containment building

3 was subjected to a maximum internal pressure of 63.3 psig. Figure 8

of Enclosure 1 presents dates, times and pressures for the SIT.

Conclusions related to the SIT are based on the observations and

j measurements made during the test and documented in this report.

I
i
I
i
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I
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I
1 2.0 SYNOPSIS

3 Measurements and observations recorded during the SIT have been

evaluated and compared with predictions of the expected structural

3 behavior during the test. The data confirmed the expected behavior.

It is concluded that the CR3 reactor containment building, including

3 the repaired dome, satisfies the requirements of the design

I criteria.

Test instrumentation performed reasonably well and most of the

3 recorded data are considered to be valid. The few minor

discrepancies in the data are noted and discussed'in Section 11.0 of

this report. The number of discrepancies was small compared to the

It amount of the data recorded during the test.

There was no evidence of structural instability during the test.

Whitewashed areas and other areas which were inspected for cracks

confirmed the predictions that minimal cracking would occur in the

cylinder portion of the containment and that dome surface crack

j patterns would be regular and uniform during the test. Strains and

displacements were generally less than the theoretical and limit

values, indicating that the analysis of the test condition was

I conservative.
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3.0 THE CONTAINMENT STRUCTURE

3.1 STRUCTURE DESCRIPTION

The containment structure is a post-tensioned concrete structure with

cylindrical walls, a flat foundation mat and a shallow dome. The

cylindrical walls are prestressed in the vertical and hoop directions.

The dome is prestressed using a three-way post-tensioning system. In

addition to the prestress, mild steel reinforcing was placed in the

cylinder and dome.

The inside surface of the building is lined with a carbon steel liner

to ensure leak tightness., The liner shell thickness is for the most

part 3/8 inch. The base liner is 1/4 inch thick. The liner in

transition between the base liner and cylinder wall is 314 inch thick.

The foundation mat slab is reinforced with conventional mild steel

reinforcing. The mat bears on competent material and is 12.5 feet

thick with a concrete slab 2 feet thick above the bottom. liner plate.

The cylinder has an inside diameter of 130 feet, a thickness of

3 feet - 6 inches and a height of 157 feet from the top of the

foundation slab to the spring line. The dome has a major radius

of 110 feet, a transition radius of 20 feet - 6 inches and a thickness

of 3 feet.

Two large openings are provided for access into the containment

structure: one is a 22 foot - 4 inch inside diameter opening for the

equipment access hatch; the other, a 10 foot inside diameter opening

for the personnel lock. Penetrations for main steam, feedwater, purge

air, other mechanical process piping and electrical cables are also

UWMAM110t LCUIMnea
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I provided in the cylinder wall. Drawings and a description of the

3containment structure are provided in the CR3 Final Safety Analysis

Report (FSAR) and "Reactor Building Dome Delamination" report.

1 3.2 MATERIALS

3.2.1 Liner

The basic liner plate conforms to ASTM A283-67, Grade C. Thickened

I portions of the liner at the crane girder and reinforcing around

penetrations conform to ASME-ASTM SA516 Grade 60 or 70.

I Non-accessible liner seams are covered with A36 steel test channels to

permit leak testing. Penetration sleeves through the containment

barrier consist of material conforming, to ASME-ASTM SA-333, Grade 1

I and SA-300.

3.2.2. Mild Steel Reinforcement

Mild steel reinforcement in the cylinder, dome, and reinforcement in

£ the mat conforms to ASTM A-615-68, Grade 40 and Grade 60. The

reinforcing steel in the cylinder and dome provides capacity for

'5 bending and shear. The mat reinforcing steel provides capacity in

tension, bending and shear.

No. 14 and 18 bars were spliced with Cadwelds capable of developing

the ultimate strength of the bars. Bars of size number 11 or smaller

were lap spliced, except for some of the reinforcement in the ring

girder and repaired dome which were Cadwelded.

I
I

G~hrt M1CwmrfnWeth1 4



U
1 3.2.3 Concrete

3 The concrete mix used in the cylinder, dome and mat was designed to

develop a minimum of 5000 psi compressive strength in 28 days. The

in place strength of the dome concrete, based on the tests of concrete

cores, is in excess of 6000 psi. Admixtures were used for air

entrainment and water reduction.

3 3.2.4 Tendons

The prestressing used for the reactor containment building is the BBRV

j system utilizing a maximum of 163, 7 mm diameter wires. These wires

conform to ASTK k-42l-65 Type BA with a guaranteed ultimate tensile

strength of 240,000 psi and use the BBRV button head system for end

5 anchorages. Tendons are encased in galvanized steel conduits.

Tendons and included anchorages are coated with a temporary corrosion

inhibitor for protection prior to bulk filling of the conduits.

£ 3.3 DESIGN

i The methods and assumptions used for the design of the structure are

described in the FSAR and the "Reactor Building Dome Delamination"

j report.

i
3

I
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1 4.0 CONSTRUCTION METHODS

3 The containment liner for the cylinder and dome was erected

independently of placement of the concrete shell. Survey techniques

5 were used to ascertain actual liner dimensions after construction.

IMild steel reinforcement for the cylinder is located on both faces

with tendon conduits in between. Outside face concrete forms were

5 tied to the liner on approximately 6 foot centers.

5 Dome tendon conduits (5" diameter Schedule 40 pipe) were pre-bent and

spliced as required to span from one anchorage assembly to the other

I for each tendon location. Dome concrete was not placed until tendon

conduits, trumpets, anchor plates and reinforcing bars were installed.1
Tendons were stressed after the cylindrical wall and dome concrete has

5 been placed and cured. Vertical tendons were stressed first. The

stressing operation started at four positions along the circumference

of the cylinder. The sequence of stressing vertical tendons was

3approximately symmetrical with respect to the cylindrical wall

circumference. After completion of the vertical tendons, the hoop

3 tendons were stressed in a sequence so as to minimize stress

concentration in the shell. Then the dome tendons were stressed. For

3a description of the dome tendon stressing sequence see the "Reactor

Building Dome Delamination" report.

I
I
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5.0 CONTAINMENT DOME REPAIR

A complete history and documentation of the CR3 dome repair are

presented in the "Reactor Building Dome Delamination" report. This

document has been filed with the Nuclear Regulatory Commission (NRC).

GAMer /Commonwealth~
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1 6.0 TEST REQUIREMENTS

6.1 PRELIMINARY SAFETY ANALYSIS REPORT

The CR3 Preliminary Safety Analysis Report (PSAR), Section 5.6 and

5 Appendix 5F, Reactor Building Instrumentation, provided background

information on initial commitments to the NRC on the subject of

j instrumentation to be used and measurements to be made during the SIT.

5 6.2 FINAL SAFETY ANALYSIS REPORT

Appendix 5A of the CR3 FSAR provides a description of commitments

5 for the SIT.

3 6.3 REACTOR BUILDING DOME DELAMINATION

In order to ascertain that the repaired CR3 dome would function as

I intended, additional instrumentation was provided in'excess of that

defined in the FSAR. The additional instrumentation is described in

the "Reactor Building Dome Delamination" report.'

" 6.4 REGULATORY REQUIREMENTS

Prior to performing the SIT a comparison was made between the test

requirements given in Appendix 5A of the FSAR and those required by

5 Regulatory Guide 1.18, "Structural Acceptance Test for Concrete

Primary Reactor Containment." The differences between these two

3 documents were found to be minor and the intent of Regulatory

Guide 1.18 had been met.

Appendix J of the "Reactor Building Dome Delamination" report contains

the correspondence between the NRC and Florida Power Corporation (FPC)

concerning instrumentation of the dome for the SIT.

3 8
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1 7.0 TEST PROCEDURES

3 7.1 GENERAL DESCRIPTION

The SIT procedure was developed such that the response of the

j. reactor containment building would be measured as it was subjected to

internal pressures from 0 psig to 63.3 psig and back to 0 psig. The

maximum test pressure, 63.3 psig, was 15 percent in excess of the

design pressure, 55 psig, derived from the postulated maximum loss of

I coolant accident.

5Pressurization and depressurization were accomplished in stages to

permit readings and measurements at the following pneumatic pressure

levels: 0 psig, 12 psig, 35 psig, 45 psig, 55 psig, 63.3 psig,

£ 55 psig, 45 psig, 35 psig, 12 psig and 0 psig. The 12 psig level

readings were added during the test, at the request of Mr. W. Swan,

NRC, I&E Division. When a data acquisition pressure level was

reached, the pressure was held for one hour prior to acquiring data

I to permit the structure to adjust to the applied pressure.

5 During the pressurization phase and after the hold period was

maintained at a data acquisition pressure level, the following

I measurements were recorded:

a. Cylinder and dome displacements.

b. Strain measurements of reinforcing bars and the liner.

g c. Crack patterns and crack width for whitewash areas.

d. General inspection of accessible exterior portions of the

structure for cracking and possible interferences.

19



I
3 During the depressurization phase only items 1 and 2 above were

recorded. At the final zero pressure level all data was recorded.

A description of the instrumentation used to measure the structural

response and the measurements and observations made during the SIT

are included in Enclosure 1.

Measurements and observations at each pressure level were compared

I with predicted results and evaluated prior to pressurizing or

g depressurizing to the next level.

Predicted displacements and strains are described in Section 10.0.

I The evaluation of test results is included as Section 11.0 of this

i report.

7.2 PREPARATION

I A detailed test procedure was written prior to beginning the test. A

3 checklist of items which were signed off before pressurization began

included the following:

a. Instruments necessary for measurements and equipment necessary

I for pressurization of the reactor containment building was

available.

I b. Auxiliary equipment necessary for taking measurements was

I available.

c. Prerequisite testing had been accomplished.

d. Possible interferences had been investigated.I

U1K /CoMwMOMwMI
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B e. Interior temperature of the reactor containment building had been

I stabilized.

f. Accessible exterior surfaces of the reactor containment building,

tendon anchorage inspection areas and crack pattern areas had

been inspected for cracks.

g. Exclusion areas had been established.

I
I
I
I
i
i
I
I

I

I
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1 8.0 INSTRUMENTATION

8.1 GENERAL DESCRIPTION

Measurement and observation of the behavior of the reactor containment

building during the test were accomplished using the following:

1 a. Displacement measurements

Linear Potentiometers (LP).

I b. Strain measurements

3 1. Linear strain gages.

2. Rosette strain gages.

3 3. All Tech concrete strain gages.

3 c. Concrete crack measurements

Optical comparators.

I d. Miscellaneous

1 1. Electronic readout instruments for LP's and strain gages.

2. Thermocouples.

The location and identification of the instrumentation used for each

3 measurement is presented in Enclosure 1.

3 Installation of the instruments and the data acquisition system are

also discussed in Enclosure 1.

1 8.2 CONCRETE CRACK MEASUREMENTS

3 The accessible exterior surfaces of the reactor containment building

were visually inspected for cracks and crack patterns before and

3 during the test. Observed cracks were charted; with the size of any

cracks equal or exceeding .01 inches in width noted.

I



I
I Approximately 1600 square feet of the exterior surface of the reactor

5 containment building was whitewashed for measurement of spacing and

width of cracks to confirm that the magnitude of local strains was not

3 excessive. Whitewash areas were as follows:

U a. An area of the structure approximately 6 feet wide extending from

dome apex, across the top of the ring girder and down its side to

I a point 6 feet below it.

3 b. An area 6 feet by 6 feet on the cylinder at elevation 174'-0".

c. An area 6 feet by 10 feet at the base of the cylinder.

d. An area of approximately 28 feet by 32 feet at one upper quadrant

I of the equipment access opening.

3 A one foot by one foot grid system was laid out on each whitewashed

area. Platforms were provided for access and protective covers

shielded the areas from adverse weather. Cracks were plotted for each

£ pressure level when pressurizing and at 0 psig after completion of the

pressure test.

I The crack pattern charts are presented in Appendix D of Enclosure 1

3 to this report.

The general condition of a group of selected tendon anchorages was

reported in the same manner as the crack patterns. The anchors

3 inspected are listed on page 17 of Enclosure 1.

The reports at each pressure level are included in Appendix D of

Enclosure 1.

I
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1 9.0 AS BUILT CONDITIONS

3 A survey of the "as built" conditions of the reactor containment

building was performed. This included a survey of the liner radius at

3 several elevations as shown on Figure 9.1.

I
I
I
I
I
I
I
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I
1 10.0 CALCULATED RESPONSE

3 10.1 GENERAL DESCRIPTION

The reactor containment building was analyzed prior to the SIT for

I -the 63.3 psig internal pressure load case.

3 The analyses took into account the actual strength of the concrete

based on test cylinder results. The concrete modulus of elasticity

* (E) used was:

E = 4.0 x 106 Ksi Instantaneous Loads

E - 2.7 x 106 Ksi Present Prestress Losses

3 The value of Poisson's ratio (U) used was:

pJ = .17

The following properties were assumed for the liner:

SE = 30 x 106

= 0.27

Two separate analyses were performed to obtain theoretical

(predicted) values for the various test parameters. The general

structure was modeled for the KALNINS STATIC computer program. This

program was used for the analysis and the design of the reactor

3 containment building and was considered to be accurate for

predictions of the overall behavior of the structure.

I A second analysis was performed using a finite element program to

3 provide a more accurate prediction of test parameters around

thickened local portions of the shell which could not be modeled

using KALNINS STATIC computer program. These portions included the

I
G~ibertiCommonweItIj 16



I
I buttresses, equipment access hatch and personnel access hatch. The

model included the entire cylindrical portion of the shell from the

top of the mat to the spring line.

1 10.2 DISPLACEMENTS

Predicted and limiting displacements for each radial and vertical

measurement point are given in Table 10.1. Pressure versus

3 displacement plots for the data acquired during the SIT are presented

in Appendix B of Enclosure 1. The predicted displacement at 63.3 is

i indicated by a circle, obtained from the analyses described in

Section 10.1 proportioned linearly between 0.0 and 63.3 psig. The

line labeled "LIMIT" includes an increase over the theoretical value

3 to account for the precision of instruments, accuracy of readings,

accuracy of loads and analytical techniques, and construction

3 variables. Variables concerning instrumentation and measurements are

discussed in the text of Enclosure 1.I
The "LIMIT" at 63.3 psi& was calculated by increasing the

3 "theoretical displacement" by 25%, plus 0.005 inches which was the

full range accuracy of the instruments used. These values were

"rounded off" to the nearest 0.005 inches.

3 For example, if the "theoretical displacement" at 63.3 psig were

.200 inches, the "LIMIT" includes 0.005 inches for the measurement

accuracy and 25 percent of 0.20 inches, or 0.05 inches, for the

* analytical modeling:

.200 + .05 + .005 - .255 inchesI

GabftIcmmMO'wMgth
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1 10.3 CONCRETE CRACK PATTERNS

Stress cracking in the cylinder from the applied pressure loading was

not anticipated due to the residual compressive stress remaining in

3 the shell at 63.3 psig. It was expected that existing shrinkage

cracks would enlarge slightly in width and propagate in length during

3 reactor containment building pressurization.

3 In the dome cap where prestressing was minimal, a pattern of

regularly spaced cracks was anticipated. The width of the cracks was

I expected to be small due to the presence of non-prestressed

i reinforcing steel.

I
I
I
I
I
I
I
I
I
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TABLE 10. 1

Displacement Acceptance Criteria

I
I
I
I
U
I
I
I
I
I

Gage
ID

1, 2, 3

4, 5, 6

7, 8, 9

10, 11,

13, 14,

16, 17,

19, 20,

22, 23,

25, 26,

28, 29,

34

35

35

36

36

37

37

38

38

39

39

12

15

18

21

24

27

30

Measutement

Radial

Radial

Radial

Radial

Radial

Radial

Radial

Radial

Radial

Vertical

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Theoretical
Displacement

(inches)

0.010

0.090

0.205

0.200

0.205

0.160

0.060

-0.025

-0.055

0.215

0.905

0.10

0.10

0.08

0.10

0.12

0.10

0.115

0.10

0.115

0.10

Limiting
Displacement

(inches)

0.020

0.115

0.260

0.255

0.260

0.205

0.080

-0.040

-0.070

0.275

1.135

0.130

0.130

0.105

0.130

0.155

0.130

0.150

0.130

0.150

0.130

Tolerance
(inches)

0.010

0.025

0.055

0.055

0.055

0.045

0.020

-0.015

0.015

0.060

0.230

0.030

0.030

0.025

0.030

0.035

0.030

0.035

0.030

0.035

0.030
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TABLE 10.1

Displacement Acceptance Criteria (Cont'd)

Gage
ID

40

40

41

41

42

42

43

43

44

44

45

45

46

46

47

47

48

48

8, 129,

8, 129,

4, 165,

Measurement

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Radial

Vertical

Vertical

Theoretical
Displacement

(inches)

0.11

0.10

0.11

0.10

0.11

0.10

0.090

0.105

0.090

0.105

0.095

0.110

0.100

0.11

0.105

0.115

0.110

0.120

0.040

0.365

0.900

Limiting
Displacement

(inches)

0.140

0.130

0.140

0.130

0.140

0.130

0.120

0.135

0.120

0.135

0.125

0.140

0.130

0.140

0.135

0.150

0.140

0.155

0.055

0.460

1.130

Tolerance
(inches)

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.035

0.030

0.035

0.015

0.095

0.230

12

12

16

130

130

166

wbeftIcawmOMrWeI
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11.0 EVALUATION OF DATA

11.1 DISPLACEMENT AND STRAIN DATA

Enclosure 1 contains computer printouts, sketches and data collected

during the SIT. It also contains an explanation of the types of

instruments used and their locations.

11.2 CONTAINMENT WALL DISPLACEMENTS

11.2.1 Vertical Displacements

Vertical displacements for the containment wall were measured at

3 azimuths, 90 degrees, 200 degrees and 334 degrees, at the ring

girder, elevation 267'-6", (Enclosure 1, Appendix B, Figure 21 and

Table 23). These displacements were regular with the difference

between the readings at 63.3 psig being .021 inches. The

displacements were less than the predicted displacement which was

.215 inches with a limiting value of .275 inches. The actual values

at 63.3 psig were .171 inches (at 90 degrees); .180 inches (at

200 degrees); and .192 inches (at 334 degrees). The residual

deformations were small and when converted to equivalent stress

values, the maximum was less than 50 psi.

11.2.2 Radial Displacements

Radial displacements for the containment wall were measured at 3

azimuths, 90 degrees, 200 degrees, and 334 degrees at 9 elevations

(see Enclosure 1, Appendix B, Figure 21 and Table 24). Figures 9,

10, and 11 of Enclosure 1 show plots of these displacements at

various pressure levels and Appendix B shows plots of individual gage

points. These displacements are regular and in good agreement with

each other and with the predicted values. Table 11.1 indicates the

values of the displacement at 63.3 psig.

wiLaemn=MU -
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The major variation appears to be due to a greater resistance to

rotation of the ring girder than was predicted. Although the

structure at 270'-8" was predicted to move outward due to rotation,

(the top of the cylinder moves in) it actually moved slightly inward.

This would indicate that the ring girder is stiffer in relation to

the dome than assumed in making the calculations. No adverse affect

on either the dome, ring girder or cylinder can be attributed to

this.

Radial displacements for each elevation were generally less than

limiting values. Although some of the smaller displacements exceeded

the limiting value, these were small in the absolute sense and no

adverse effects can attributed to them.

11.3 CONTAINMENT WALL STRAINS

The strains for the containment wall were measured with gages

attached to the liner (Enclosure 1, Appendix A, Figure 18 and Table

12) and to reinforcing bars in the area of the dome cylinder

transition (Enclosure 1, Appendix A, Figure 13 and Tables 6 through

11). The strains around openings and penetrations will be discussed

in later sections.

On Page 19 of Enclosure 1, under TEST RESULTS, some of the specific

problems resulting from the long delay between gage placement and

actual testing are discussed. Some of the gages appear to have

excessive "shake down" values, that is gage adjustment during the

initial loading from 0 to 63.3 psig. Although these readings were

not excessive in most cases, the value for strain change for the

"second loading", that is from 63.3 to 0 psig is considered more

accurate and is used in most cases for comparisons.

,~~m IAWoM=aWeatII
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I
5 11.3.1 Hoop Strains

Table 11.2 indicates the actual and predicted values of hoop strains

in microinches per inch. When two gages exist for a point, the

3 result closest to the predicted value is reported in these tables.

Results indicate low strains which are reasonably consistent with the

predicted values. The strains at the upper elevations reflect lower

values which are consistent with deflection readings.

11.3.2 Meridional Strains

3 'Table 11.3 presents values of meridional strains. As with the hoop

strains, the meridional strains were small. In this case the actual

rotational behavior of the ring girder is strongly registered in very

3 large relative differences between predicted and measured values in

the upper elevations. The negative strains which would have resulted

3 from the.inward rotation of the top of the ring girder are positive

due to the relative outward rotation. No detrimental effects are

3 attributed to this difference in expected and actual behavior.

3 il.3.3 Liner Strains

The strains for the liner in the hoop and meridional directions are

I reported as part of Section 11.3.1 and 11.3.2. The gages used to

measure these strains were Rosette type and are described on page 23

of Enclosure.1. The values of recorded strain are found in Table 12

3 of Enclosure 1, Appendix A. Figure 20 of Appendix A illustrates how

the Rosette readings are reduced to maximum, minimum and shear

strains. These values are given in tabular form by gage number under

LINER GAGES in Appendix A. Also included is the stress computed from

these values. All the values computed are small with the exception

GA /Co/nwwormlth
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I
I of gage 71 and this gages behavior would indicate at least one of its

I elements is malfunctioning. There is no indication of detrimental

strains in the liner.

U 11.4 DOME DISPLACEMENTS AND STRAINS

* 11.4.1 Vertical Displacements

Vertical displacements for the dome were measured at the apex and at

3 horizontal distances from the apex of approximately 2 9 ' (the fourth

spray ring), 49' (elevation 270'-8") and 56' (elevation 267'-6").

The results of the measurements are given in Enclosure 1, Appendix B,

Table 23. The predicted values which include the wall deformation

are included in Table 10.1. Data for individual gage locations are

plotted in Enclosure 1, Appendix B. The displacement data are

uniform, close to predicted values and within the "LIMIT" shown in

3 each figure. The residual displacements at the end of the SIT were

less than 15% of the maximum reading which is within the expected

I performance for this type of structure.

3 11.4.2 Dome Strains

Additional gages were added to permit more complete evaluation of

I strains during the SIT. Enclosure 1 describes these gages and

Figures 14 and 19 of Appendix A indicate plan and through thickness

locations. Tables A and B of Appendix A provide a listing of the

3 gage numbers at each location. Tables 13, 14 and 15 indicate the

meridional strains at each location and Tables 16, 17 and 18 the hoop

* strains.

2
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I
3 Because of the different type gages used; SR4 strain gages attached

to reinforcing, AIL TECH concrete strain gages and Rosette gages

attached to the liner, variations in the readings were expected.

3 Table 11.4 compares the strains at the four through thickness

locations with predicted values. The strains are low and although

variable indicate a reasonable correlation with predicted values. No

detrimental effects are indicated by any of the results.I
In addition to measurements in the membrane direction, a series of

3 radial bars were instrumented in order to confirm that little or no

radial tension or deformation was taking place during the SIT.

Tables 19 through 21 present radial strain results. The strains are

too small to allow valid numerical comparisons. For example, a

strain of 50 microinches per inch would correspond to less than

3 1500 psi stress in the radial reinforcing.

11.5 EQUIPMENT HATCH DISPLACEMENTS AND STRAINS

The displacements recorded at the equipment hatch are given in

3 Enclosure 1, Appendix B, Tables 25 and 26, and are plotted on

individual graphs in that Appendix. The locations of the

3 measurement points are shown in Figure 23. The vertical

displacements are all less than predicted. They tend to be more

erratic than the radial gage readings during pressurization and

depressurization although this may be due to the very small values

being recorded. The radial displacements tend to follow the

predicted slopes more closely with gages 38, 39, and 40 indicating

slightly greater displacements than the limiting values set at 63.3

psig. However, the excess is slight and the instrument recovery was

3 good with no indication of detrimental effects.

GbItCammmwmaath
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I
3 Strain results for the equipment hatch are presented in Enclosure 1,

Appendix A, Tables 1 and 2. The meridional strains like the vertical

displacements tend to be erratic. However, all values are quite

small (maximum compression of 115 microinches per inch and a maximum

tension of 100 microinches per inch). This would reflect a maximum

3 steel stress of 3,400 psi.

11.6 PENETRATIO1N STRAINS

The Rosette type strain gages were located on the metal liner at the

main steam line penetration, the feedwater line penetration and at

one spare penetration. Figures 15, 16, 17, and 18 indicate the

location of the penetrations and the gages. Enclosure 1, Appendix A,

Figure 20 illustrates how the gage readings were reduced to maximum,

minimum, and shear strain values. This appendix also includes the

3 strain values and their equivalent stresses for each of the

penetrations. Several of the gages appear to have malfunctioning

elements and did not record data which corresponded to the physical

U response of the structure. However, these gages (96, 98, 99, 100,

101, 102, 104, 105, 71, and 163) do not negate the results.

U 11.7 TENDON ANCHORAGES

3 No special instrumentation or surveillance of tendon anchorages was

conducted during the test. Experience indicates that load cells

3 installed under the button heads and strain gages placed on the

bearing plates would not aid in the evaluation of the containment

structure. This is due to the fact that the strains recorded would

I
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I
3 be caused by the increase in tendon force resulting from the pressure

loading. This increase amounts to only a small percentage of the

I total force in the tendon.

I Visual inspection of the concrete at specified anchorage zones was

accomplished prior to the start of the test, at each pressurization

level and at the final zero. The results are reported in Appendix D

I on Data Sheet 6, TENDON ANCHORAGE OBSERVATION. No unusual cracking,

bearing plate displacement or other unexpected occurrences were

observed during the test.

11.8 CRACK PATTERNS

The results of the observation for cracking are shown in the crack

I pattern figures of Appendix D and confirm the original predictions.

3 The absence of stress cracking provides direct evidence that residual

compression stress existed in this cylindrical shell at the peak

I pressure of 63.3 psig. The uniform nature of the cracks in the new

dome cap at 63.3 psig, as well as the subsequent closing of these

cracks with the removal of the pressure load indicate that the dome

was responding elastically.

Existing shrinkage cracks were observed to enlarge slightly in width

and length during the test. Some new hairline cracks did appear

3 which were not initially observed. In all cases, crack patterns were

random except in the dome cap. Crack widths were less than

I .01 inches at peak pressure in all areas except in the dome cap.

WW~e1ILNflMOIWUJU
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I
I In addition to the inspections in white wash areas, other areas in

reactor containment building were inspected for cracks during the

test. This inspection included accessible areas of the containment

such as the dome and the intersection of the buttress and cylinder.

I
I
I
I
I
I
I
I
I
I

I
I
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I
TABLE 11.1

Radial Displacement @ Peak Pressure (63.3 psig)
(inches)

L

I
I
I.
I
I
I
I
I
I
I
I
I
I

Elevation
(feet)

Predicted Value
Theoretical Limiting

Observed Values
900 2000 3340

Average
Value

98

108

140

172

204

236

246

253

267-6

.01

.09

.205

.200

.205

.160

.060

-. 025

-. 055

.040

.02

.115

.260

.255

.260

.205

.080

-. 040

-. 070

.031

.124

.175

.171

.087

.062

-. 042

-. 053

-. 114

-. 120

.038

.106

.244

.205

.138

.114

.026

.011

-. 071

-. 004

.036

.098

.211

.195

.127

.076

.039

-. 007

-. 081

-. 007

.035*

.109

.210

.190

.117

.084

.005

-. 016

".088*

-. 043*270-8 .055

*Value exceeds or varies in sign from predicted.
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Containment

Predicted
Value

TABLE 11.2

Wall Hoop Strains (63.3 psig)
(p inches/inch)

Actual Difference
900 2000 3330

Elevation
(feet) Avera2e

172

204

244

249

254

200

266

268

167

88

152

181

229

223

405

391

200

220

146

69

89

46

102

249

153

148

79

89

58

112

163

123

151

51

87

125

102

181

235

141

123

65

88

77

106

*Malfunctioning Gage.
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TABLE 11.3

Containment Wall Meridional Strains (63.3 psig)
(p inches/inch)

Predicted
Value

Actual Difference
900 2000 3330Elevation Average

172

204

244

249

255

260

266

268

252

258

106

28

-62

-79

-104

94

143

59

15

156

118

320

73

109

84

48

166

192

359

50

167

120

103

179

148

307

269

88

109

102

55

167

153

333

295

*Malfunctioning Gage
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TABLE 11.4

Dome Strains (63.3 psig)
(vi inches/inch)

Predicted
ValueLocation 750

Actual Difference
1650 2550 3450 Average

15' from
apex

30' from
apex

45' from
apex

1 H
M

2 H
M

3H
M

41H
M

M

21H
M

31H
M

41H
M

M

21H
M

311
M

41H
M

324
313

324
317

324
320

324
343

492
354

461
348

431
343

231
298

497
220

465
199

433
178

241
48

321
205

194
236

240

210
182

237
294

137

280
253

431
533

483
265

227
217

108
200

185
78

163
57

420
617

606
364

170
193

104
414

453
158

83

243
167

265
199

215
265

137

260
253

426
575

545
315

199
205

200
253

287
152

93

200
131

346
144

297
136

103

163
280

242
255

215
236

230
40

*Malfunctioning Gage.
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t
1 12.0 STRUCTURAL INTEGRITY TEST CONCLUSIONS

The summary of Enclosure 1, page 31 provides an excellent statement

of the engineering conclusions of the test. These are as follows:

I a. The overall response of the structure was well substantiated.

The displacements observed were uniform between identical points

on various azimuths. The displacements observed were within

predicted values and were typical of displacements measured

on other similar structures. The recovery observed was within

limits one would normally expect for a structure of this type.

b. Cracking observed on the dome was slightly greater than would

normally be expected in a prestressed dome but substantially

Iless and of a smaller magnitude than could be expected in a

reinforced dome. The crack widths (under 0.01 inches) were

such that they did not substantially increase steel stresses in

the dome. The fact that at atmospheric pressure the cracks

closed indicated that the structure was still within the elastic

range.

c. The strains recorded for the reinforcing steel were well within

the elastic range of this material. This indicates that the

structure could undergo more deformation before any significant

signs of distress would appear.

It is concluded that the structural response of the Crystal River

Unit 3 Nuclear Generating Plant reactor containment building was

3 satisfactory during the SIT and demonstrates its capability to

withstand postulated pressure loads.
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STRUCTURAL RESPONSE OF SECONDARY CONTAINMENT

w
i DURING STRUCTURAL INTEGRITY TEST AT
S,I CRYSTAL RIVER PLANT - UNIT 3

a
n
n
e FORI Y.
E1
s FLORIDA POWER CORPORATION
tne
r 

November 23, 1976Ia
A
S SCOPE
s
0

d g The structural behavior study described hereunder was performed! et
during the structural integrity test of the secondary containment

vessel, Unit No. 3, Crystal River, Florida. Wiss, Janney, Elstner and

Associates were retained by Florida Power Corporation to install the

3 prescribed instrumentation, monitor the response of the instruments,

conduct crack surveys prior to and during structural integrity testing,

j and to report on the results of this structural behavior study.

The location of test instrumentation was planned by

Gilbert Associates, Incorporated. The work was performed in accordance

3 with Gilbert Associates, Inc. Specifications No. SP5971 and No. SP-6488.

All installation was performed or supervised by WJE personnel. That

Spart of the work normal to their skills (routine installation of

electrical lead wire, welding, etc.) was performed by site craft

I labor.

I
I



I OBJECTIVES

The instrumentation was planned to serve two purposes.

First, the satisfactory response of the structure to specific test
I i
S, pressures; second, confirmation of the criteria assumed in the

J structural design.I a
n
n

Y, DESCRIPTION OF THE SECONDARY CONTAINMENT
E
1
t The reactor building is a reinforced concrete structure composed
n
er of a cylindrical wall with a flat foundation mat and a shallow dome roof.

I • The sidewalls rise 157 ft from the top of the base mat (Elev. 93'-0")

A
s to the springline of the dome (Elev. 250'-0"). The sidewalls are 3 ft
S
0
c 6 in. thick and the dome is 3 ft 0 in. thick. The cylinder walls area

e prestressed with a post-tensioning system in the vertical and horizontal

directions.

.1 Major discontinuities occur in the structure at the following

locations:

I A. At Azimuth 150', thickened boss area around

equipment hatch opening, Centerline

Elevation 132 ft 0 in.

I B. At Azimuth 3230, a thickened boss area around

the personnel lock, Centerline Elevation 122 ft

7 in.

C. At electrical and pipe penetrations. These

3 areas are not thickened.

-2-
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I
I The interior wall of the containment vessel is lined with a

3/8 in. thick steel plate, continuously welded to form an airtight

SW seal.
s
S. The dome roof is prestressed utilizing a three-way post-

a tensioning system. A major portion of the concrete above the top
n
n
n layer of prestressing tendons is essentially a non-prestressed

E conventionally reinforced section. This section is connected to the

t prestressed dome portion by a series of radial anchors. The radialI~er
a anchors are #6, Grade 60 reinforcing bars, hooked into the top portion

a of the concrete. The Reactor Building Cross Section is shown in

A
s Fig. 1.

a TEST PROGRAMI t
s

Test instrumentation was located to yield the following

information:

1. Radial displacement of the wall from

I 'Elevation 98 ft 0 in. to Elevation 270 ft 0 in.

on Azimuths 90*, 2000 and 3330 - 55'.

2. Vertical growth of the cylinder and dome

displacements of the structure.

-3. Radial and vertical displacements around the

equipment hatch.

4. Hoop and Meridional strains in the reinforcing

I steel around the equipment hatch.

1 -3-
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1 5. Hoop and Meridional strains in the reinforcing

w steel at the ring beam on Azimuths 906, 200*
sSS, and 3330 - 55'.

an 6. Liner strains on the cylinder wall at Elevationsn

Y. 172 ft and 204 ft at Azimuths 90, 2000 and
EISI 1 3330 - .55'.

t
n
r 7. Liner strains around the Main steam penetration,

3 Feedwater penetration and Spare penetration.

A
s
0 8. Hoop and Meridional strains in reinforcing steel

a of the new dome concrete.t

9. Strains in the radial anchor bars connecting

I in the new and old dome concrete.

3 10. Hoop and Meridional strains in the dome concrete

below the prestressing tendons.

11. Hoop and Meridional strain on the liner plate of

3 the dome.

3 12. Ambient temperatures at Elevations 267'-6",

194'-0" and 122'-0" on Azimuth 90* and at

3 Elevations 267'-6", 172'-0", 122'-0" on Azimuth 2000.

-5-
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13. Crack patterns at the following locations:

I a) The discontinuity at the equipment

W hatch
i

s b) On the cylinder wall near the base slab
a
al on Azimuth 2700 at Elevation 93'-0"
n
e

E c) On the cylinder wall, at Elevation 172'-0"
1

t on Azimuth 2700I~err
a d) On the ring beam and dome on Azimuth 2000

6 ft below the ring beam and continuing to
A
S
0 the apex of the dome.

Ia
tendons.

I In addition to the instrumentation above, a continuous visual

inspection of the entire structure was made to monitor major cracking

which might occur.

3 All whitewashed areas were protected from the elements with

Visqueen tents.

STRAIN GAGE INSTRUMENTATION

Strain information was obtained by mounting electrical resistance

3 strain gages directly to the main reinforcing or to sister bars which

were subsequently installed at the proper locations. Electrical

3 resistance strain gages mounted on reinforcing bars or sister bars were

3 -6-

I



--- m ~ - - - ~ - ~

REINFORCING BAR ,TRAWII GAGE A55EMBLY- DUMMY

IJ

CPVC. CF-MEZ:NI 39pAL Ch&P TO TUSPM

EPOWY 5E&LU. EPOXY

w

~-1/*
! . . . ...... i

5CON DUCTIOfS- IG g3,&Gp wI&U-

GOO V FWEOP~at4P C.OVQFlOMD rA8-Lj

13Lh- P'b8T-izB-1256
S ELEM2PJT G&Ge (>4 bAct

esp L50- APPLIeD ToOhm.R
*1WENt WAM~ PgoI1Ne AND LAC'Q4ERj

PILL W"WA

DETAIL A-A

FIGURE 2



I
I

two-element (temperature-compensating) SR4, encapsulated gages.

The following types were used

W 1. SR4-BLH Type FABT-28-12S6
iIs. 2. SR4-MM Type EA-06-125-TA-120

3 a
n
n Sister bars were fabricated using 3 ft sections of #4 rein-
e
y.
E forcing bar. The strain gages were attached to the bar using BLH-EPY150
I
s epoxy. After the lead wires were attached, the installation received
t
nIe r a layer of silicone lacquer and two overlays of epoxy. The entire

3 • installation was then encased in rigid polyvinyl chloride conduit, which

A was subsequently filled with wax. (Fig. 2)
a
s
0 To verify the adequacy of each assembly, each instrumented bar

a
t was continuously submerged in water for a minimum of 48 hours. After
e
S

soaking the resistance to ground was checked. Any installation showing

a resistance to ground of less than 1000 megohms was deemed to be

defective and was not used in the structure. The sister bar

3 assemblies discussed above were fabricated at the laboratories of WJE

and shipped to the site for incorporation in the structure.

3 Installation of the fabricated units consisted of wiring the

"gaged" bar to the appropriate reinforcing bar in the structure. The

3 lead wires were then run to the exterior wall where they were terminated

3 in a junction box.

Strain gages were applied directly to the main reinforcing steel

3 at Locations 35 through 69. (A sister bar was also used at each location.

The term sister bar and dummy bar are interchangeable terms). The

I field installation of these gages consisted of attaching the strain

3 -8-
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I
3 gage with EPY 150, attaching the lead wires, coating the installation

with silicone lacquer and finishing with two coats of epoxy.

W Strain gages attached to the steel liner were SR4 -Type FABR-50-
iS
S. 12S9 three-element rosettes. Liner gages were attached with EPY 150.

a The gages were then waterproofed as described previously.
nn

y, Concrete strains in the lower portion of the dome were moni-

E
I tored with concrete embedment gages. The gages used were Model CG129
s
t
n manufactured by AlL TECH, Inc. The gages were cast in 5 in. by 2 in.
e

a waffers at the WJE labroatory. Because these gages were to be

3 • installed prior to removal of the top concrete, it was deemed practical
A
S
s to provide a package that needed only to be grouted in the proper
0

1 location. The gage system was sent to the field where it was installeda
t
S in a 6 in. core hole, which had been drilled at the proper locations.

(See Fig. 3).

DISPLACEMENT INSTRUMENTATION

I Radial displacements from Elevation 98 to 270'-8" and all

3 vertical measurements (except equipment hatch verticals) were obtained

using invar wire extensometers.

3 The invar wire extensometers were located entirely within the

structure, and were connected to an external power supply and readout

I equipment by electrical leads which extended through penetrations in

the cylinder wall.

Each installation consisted of a extensometer and a invar wire

spanning the distance to be measured. One end (the "dead" end) was

fixed to the steel liner, and the "live" end of the wire was attached

I
I
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I
3 to a spring-loaded frame which was attached to rigid supports or

interior walls in the direction of measurement. Deformations of the

w structure were measured with a linear potentiometer mounted in each

Ss' frame. (The spring and potentiometer arrangement is shown in Fig. 4).

n The potentiometers are of the infinite resolution type with a total
n
e. resistance of about 2000 ohms. A constant voltage of 1.5615 voltsI E
EI was applied to each potentiometer. At each measurement, voltage is

t
n measured between the movable contact point and one end of the resistor.
er

a The voltage changes are recorded on the external readout system.

a Radial measurements above Elevation 172'.-0" were made by
A
S
s bringing the invar wire diagonally down from the point of measurement
0

to a fixed point on the operating floor. Additional vertical
t
e
s measurements were made at these same locations. The true radial

movement was then calculated using the diagonal radial growth and the

3 vertical movement at each location.

Prior to shipment to the field, all the frames were calibrated

in our laboratory. In addition all instruments were calibrated in

3 place. The field calibration provided verification that each unit was

accurrate to + 0.005 inches.

3 Vertical measurements at the equipment hatch were made using

spring-loaded linear potentiometers. The potentiometers were mounted

I on a rigid frame in close proximity to the containment wall. The

3 potentiometer plunger rested on clip angles welded to the containment

liner. Field calibration of these units was performed as previously

* described.

I -11-
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TEMPERATURE INSTRUMENTATIONN
Temperatures of the containment wall were measured at six! w

locations using Leeds and Northrup Company Type J, #14 AWG Iron-s
Constantine wire. The temperatures were monitored using a Leeds

J
n and Northrup Speedomax Model J-6000 strip chart recorder.
n
e

E DATA ACQUISITION SYSTEM
I
S
t
n A computer based automatic data acquisition system was setI~er
a up to obtain and process all the strain and deformation measurements

A during the test. The test station was located just outside the
As
s personnel lock and all results were made available to GAI engineers

a present at the test site.
t
e
S The data acquisition system consisted of a Vidar Autodata Eight

data logger interfaced with a Hewlett-Packard HP 9830 desk computer.

3 The system is shown schematically in Fig. 5. The Vidar Autodata Eight

is a microprocessor-controlled system used to read raw analog data from

input transducers and transform it into digital form. The system

3 included three Vidar Scanners equipped to handle up to 800 input

channels. The Autodata Eight is connected to the HP 9830 computer via

3 EIA Standard RS-232-C Serial interface. The HP 9830 is a stand-alone

desk computer with 15808 bytes of Read/Write memory. The computer output

I is printed on a thermal printer at the rate of 250 lines per minute.

3 The computer was set up to scan at the rate of one channel per second.

The data was stored on a magnetic tape cassette for permanent record

3 and further processing.

3 -13-
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All data acquisition functions were initiated and controlled

from the HP 9830 computer. The data was recorded for 489 input

W channels. At any pressure level the operator was required only to

i
s, ky inthe current pressure and execute the start command. The

a computer was programmed to initiate the scan and check each channeln

e for overload and store all the voltage readings along with pressure,

time of scan on the tape cassette. After all the data was collected,
!3 the program would compute the incremental strains or deformations fore

each gage using the original "zero" pressure reading and the necessary

calibration factors. The results were printed in a page format and
A
8
8 were submitted to GAI engineers. The data acquisition system would
C
i read 489 channels, process the data and print it in proper format ina
te
S approximately 20 minutes. A sample output of the results is shown

in Appendix E.

3 The reliability and accuracy of the acquired data were checked,

where applicable, using a resistor calibration box. The calibrator

I incorporates a precision resistor of known magnitude which, when

switched into the system, produces a known voltage change. Any

significant deviation from the theoretical voltage change would indicate

3 a malfunction in the system.

The data acquisition system is shown in Fig. 6.

I CRACK INSPECTION

I Prior to the structural integrity test, the entire structure was

3 surveyed for cracks. The survey was made from scaffolding, roof tops

I -14-
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and accessible walkways. Crack widths observed during the pressure

test were measured using a 6X comparator.

w
j Visual observations of the total exterior surface were made at
s,

designated pressures during the test (35, 45, 55, 63.3 psig).
J
n The following tendon anchors were inspected for concrete crack
n
aY. development at the same pressure levels as above:

I D 121 12V20 13H10

t D 140 23V15 13H19
A D 203 34V6 13H37er

D 215 45V3 51H30
aD324 56VI 51H41

A D 339 53H17AIs 53H32
053H47

C
i 62HIl
t 64H21

I Both shop and field buttonheaded ends were checked. The inspection of

the tendon ends was made from sky climbers, skip box and platforms

positioned at the proper locations.

3 Fig. 7A and B shows, respectively, a typical platform for dome

tendon inspection and the dome with its protective cover over the crack

inspection area.

STRUCTURAL INTEGRITY TEST

The structural integrity test was performed prior to the

integrated leak rate test. Complete sets of data, were made at five

U - pressure increments during the loading cycle and at four pressure

increments during depressurization (i.e., 12. 35, 45, 55, 63.3 55, 45,

I 35, 12 psig) and finally at return to atmospheric pressure. Detailed

I -17-
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crack inspections were made during pressurization at 35, 45, 25, 63.3

psig and at atmospheric pressure.

i W During pressurization and depressurization all data points were

s read and printed out every 5 psi. The data was obtained "on the run"I J (pressurization was not stopped). These intermediate readings allowed

n
n GAI engineers to monitor the structural response throughout the test.

E At those designated test points i.e., 35, 45 etc., pressurization (or
I
s depressurization) was stopped and the structure was allowed to stabilize
na
r for one hour. Readings and crack inspections were not started until

a this one hour stabilization period had passed. (Additional readings

A were obtained immediately upon reaching each plateau). All readings
S
S
0
C were reduced and submitted to Gilbert Associate engineers for theirIi
a
t review before proceeding to the next pressure level. Only those readings
e

obtained at designated hold points have been incorporated in the

tabulated data.

The structural integrity test started on October 31, 1976 at

1103 hours and officially ended on November 3, 1976 at 1208 hours. A

time-pressure curve is presented in Fig. 8.

1 TEST RESULTS

I Stresses In Reinforcing Steel

j Two-element strain gages were mounted directly on the main steel

and on redundant sister bars at the same location. This procedure was

1. used for all locations around the equipment hatch and ring girder

(Gage Nos. 35 through 69). The gage locations are shown on Figs.12

and 13 in Appendix A.
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Hoop and meridional steel strains in the repaired portion of

the dome were monitored using two independent sister bars, at each

location, wired to the main steel. The typical gage locations are

shown in Fig. 14 Appendix A. Table A, Appendix A identifies the gages.

Strains in the radial anchors were measured using field

installed strain gages on each bar. Redundancy for each anchor was

obtained by instrumenting the next closest anchor, i.e., Location

L20Nl7 the parent bar, Gage No. 171 and Location L 21N18 is redundant.

The typical gage locations are shown in Fig. 14 of Appendix A.

Identification of the gage numbers is shown in Table A and B of

Appendix A.

A total of 220 gages were installed on reinforcing bars.

(This number represents 110 measuring points). The following gages

exhibited excessive drift and instability, and have been excluded

from this report.

41M* 49M 65M 59H
42M 56M 65M* 61H
45M 57M 66M 62H
47M 58M 67H 63H
35H 5914 67H* 64H

36H 62M 69M 65H
38H 63M 69M* 68H
45H 64M 55H 69H

*Redundant Gages 69H

The exclusion of these gages in no way negates the results

obtained from the remaining gages. Due to the redundancy of the gages,

a complete response picture was obtained.

The total number of gages listed above exhibit a mortality rate

in excess of what would normally be expected on an installation of this

type. A number of circumstances are believed to be contributing factors
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I

in this mortality rate. The original SIT was scheduled for mid

April. At this time all gages already installed were terminated

W with temporary wiring to the data acquisition center. In checking
i. $% the gages at this time it was found that five years after the

3 original installation only ten (10) were suspect. Approximately
n
e four days prior to the test date problems in the domewere

E discovered. Between May and October major repairs were made to the

.t dome. Although every possible precaution was taken to protect
n

r wiring, damage did occur, due to the extent of the repair. It is

2 the writer's opinion that the high loss of gages can be attributed toI A
S moisture reaching the gages through breaks or burns in the lead wire.
S
0
r, It is also the writer's opinion that the losses which were observed
te were well below those which could have been expected under these
a

£I conditions.

Steel strains measured throughout the structure were low, 200

microinches or less. .Maximum strains observed in the repaired portion

5 of the dome was 794 microinches, with the majority of strain 500

microinches or less.

I. At completion of the test a review was made of gages showing

inconsistencies with other gages in certain groups. It was suspected

I that Gages 131H, 152H, 157M, 157H, 149M and 149H had been wired wrong

5 causing a sign reversal. This sign reversal has been corrected in

this report. It was also suspected that Gage 144M had been interchanged

3 with Gage 143M and that Gage 144H had been interchanged with Gage 143H*.

These gages have been interchanged for this report.

I
ft -22-
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I

Stresses In Liner Plate

W Strain gages were located around the main steam penetration,I I
IS feedwater penetration and a spare penetration. The location of
3
Sa these gages are shown in Figs. 15, 16 and 17 in Appendix A.
n
n
0 Additional gages were located on the cylinder wall at Azimuths 900,
V.

E 200%, and 3330 - 55' at Elevations 172 ft and 204 ft. Fig. 18
1
t shows the location of these gages.

r Liner strains were measured at locations corresponding to

a measurements made on the main reinforcing steel in the dome.Typical locations

a of these installations are shown in Fig. 14 of Appendix A. Table A
S
0

of Appendix A, lists actual gage numbers and locations.
a

e Where applicable, the strain data obtained from each element

of the rosette have been reduced to determine the principal stresses

at each gage location. A Modulus of Elasticity of 29 x 106 was used

I in the calculations. Fig. 20 indicates the key to the direction of

5 the major and minor principal stresses and maximum and minimum shears

as related to the vertical and horizontal direction of the rosette.

3 All these stresses are shown in Appendix A.

The maximum principal stresses found in the liner plate appear

I reasonable. In most cases, the orientation was found to be close to

5the hoop disection.

During the course of the test, single elements of rosettes 93,

f 97, 103, 106 and 107 exhibited unstable readings. These gages have

therefore not been included in the rosette reduction program.

if Rosette No. 92 exhibited a false reading at 55 psi on depressurization,

£ subsequently, this reading has been eliminated from the program.

1 -23-



I
I Stresses In Concrete

I Hoop and meridional strains were monitored in that portion

W of the original concrete not removed during the repair of the dome.

s, S The locations correspond to measurements made on the main stecl.

a Fig. 19 in Appendix A, show the location of these gages.n
n
Y Gages 133, 137M, 141M, 145M and 150M showed excessive drift

E and have not been included in the tabulated data. In general,
SsI the concrete strains were low, 137 microstrain being the maximum

1e
observed. Most of the concrete strains were less than 100 microstraina

a at peak pressure.
A
s The data for these gages are presented in Tables 14 through

Pt,19 in Appendix A.
at
e

RADIAL DISPLACEMENT OF CYLINDER WALL

Radial displacements of the cylinder wall were measured with

invar wire extensometers at Azimuths 900, 2000 and 335*. At each

5 Azimuth, instruments were at elevations shown on Fig. 21 of Appendix B.

Table 24 of Appendix B provides the deflections observed during the

Itest. The individual deflection plots are also presented in Appendix B.

Radial displacements of the cylinder wall have been plotted for each

Azimuth. Figs. 9, 10 and 11 show the radial displacement of each wall

j for the pressure cycle only.

I

I
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CYINE baOWe ofNhD DOME DISPLACEMENTS

W Th vetica grwthof the cylinder was measured relative to the

baeslab on three Azimuth, i.e., 900, 2000 and 333'. The displace-

a met ofthe apex of the dome was measured relative to the operating

y floor. Fig. 22 of Appendix B shows the location of vertical measurements.

J Vertical growth of the dome, observed, was between 80% and 83%

t of the predicted displacements at all locations. The instantaneous

recovery, measured after a one hour hold at zero pressure, was 85%

or better for all points. Additional recovery could be expected if

S readings could have been obtained at a later time.

I a The test data has been tabulated in Table 23 of Appendix B and
a

0 deflection plots have also been included in Appendix B.

EQUIPMENT HATCH DISPLACEMENTS

I The vertical and radial growth around the equipment hatch were

I measured at the locations shown in Fig. 23 of Appendix B. Gage 43V

was inspected after the test and found to have been reverse mounted,

I causing a sign reversal. This sign reversal has been corrected in

this report.

Radial and vertical deflections measured around the equipment

hatch were small and in the range normally expected for this region.

The displacements have been tabulated and are shown on Tables 25

land 26 in Appendix B. The deflection plots corresponding to this data

is also presented in Appendix B..



I

TEMPERATURE RESULTS

I Thermocouples were installed at locations shown in Fig. 24
w
I of Appendix C. Table 1 of Appendix C provides actual temperatures'S B

recorded during the test. The temperatures were normal during the
a

e test with daylight temperature ranging between 750 and 800, and

evening temperature ranging between 50* and 650.

E

t CRACK PATTERNSn

The total structure was surveyed prior to the structural.

A integrity test to reveal cracking which existed. The structure was

o again surveyed at each pressure level during the test to determine any
i
amajor cracking which may have occurred. The following areas wereI S whitewashed for detailed crack survey;

1. The discontinuity at the equipment hatch.

1 2. On the cylinder wall near the base slab on
Azimuth 2700 Elevation 93'-0".

3. On the cylinder wall at Azimuth 240%, Elevation
172'-0".

4. On the ring beam and dome, a 6 ft wide band
starting six feet below the ring beam and
continuing to the apex of the dome.

5. Both ends of the twenty-one surveilance
tendons. (These were not whitewashed).

Pretest Survey

The pretest survey revealed only minor shrinkage cracks. These

cracks were under 0.005 inches in width and were located primarily in

-I - 2q-
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thickened section of the structure, i.e., bossed areas and buttresses.

The repaired dome showed no visible cracks. The feathered edge in the
w

repairei concrete interface with the old concrete was visible but no1 s,
cracking could be seen.

a
nn The tendon anchorages were generally free of cracks. Cracks

e

Y. z which were observed, were less than 0.005 inches with the exception

I 1
s of D203F which showed that the construction joint was open more than
t
e 0.01 inches.I r
aDEVELOPMENT OF CRACKS DURING TEST

I A
s The cylinder walls remained relatively free of cracks during
C
0

I the test. The inspection area at Elevation 172 did not develop anya
te cracks during the test. The equipment hatch area developed a hairline

s crack at 63.3 psig which closed completely upon returning to atmospere.

i The area at the base slab and cylinder wall intersection developed

cracking at 45 psig and had a well defined crack by 63.3 psig. The

3 width of the cracks were all less than 0.005 inches in width. All

the cracks observed at 63.3 psig closed upon return to atmospheric

I pressure.

No cracking was detected in the ring beam and wall junction, the

ring beam proper or the first 14 ft of the dome during the test.

Initial cracking of the dome was observed at 35 psig and appeared as

meridional cracks on approximately 24 in. centers. At the 45 psig

3 inspection additional meridional cracking had occurred and radial

cracks were beginning to form. At 63.3 psig a well defined system

1 -30-



I of cracks was observed. Meridional crack had a spacing of about

1 18 inches and radial crack spacing was about 24 inches. The

majority of cracks observed were measured as hairline, less than

s 0.005 inches in width. Isolated cracks were observed that exceededI S,
J 0.01 inches for extremely short lengths. One crack on the dome, was
a
n
n observed to be 0.015 inches in width over a 16 in. length. Upon

E return to zero the cracks had closed and could not be seen.

s Appendix D contains detailed crack drawing of the areas
t
n
0
r inspected.
a
aTendon anchorage in general performed well. The inspection

3 A sheets have been included in Appendix D.
s
s0

i SUMMARY
t
es

,3 Interpretation of the data in light of design concepts is

not within the scope of this report. However, we feel that a comparison

of the response of this structure with the performance of numerous

reinforced and prestressed concrete structure which we have observed

I under many types of test loading justifies the following general

3 commentary regarding the behavior of this structure under the

application of the test loading.

1) The overall response of the structure was well

substantiated. The displacements observed were

uniform between identical points on various Azimuths.

I The displacements observed were within predicted

values and were typical of displacements measured

3 on other similar structures. The recovery observed

1i -31-

I



I
1 1) Continued

was within limits one would normally expect

I for a structare of this type.

W

S, 2) Cracking observed on the dome was slightly
J
a greater than would normally be expected in a
nSnprestressed dome but substantially less and of

El a smaller magnitude than could be expected in a
st reinforced dome. The crack widths (under 0.01

a inches) were such that they did not substantially

aincrease steel stresses in the dome. The fact that

I A
s at atmospheric.pressure the cracks closed indicated
s
0
C that the structure was still within the elastic
a
t
e range.
s

1 3) The strains recorded for the reinforcing steel were

well within the elastic range of this material. This

indicates that the structure could undergo more

3 deformation before any significant signs of distress

would appear.

Respectfully submitted,

WISS, JANNEY, ELSTNER and ASSOCIATES, INC.

Robert Krause5 Assistant Manager of Power Engineering Services

I T. M. Brown
Manager Power Engineering Services

i RKlIBliz
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STRAIN DATA
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I

3 TABLE A

DOME STRAIN INSTRUMENTATION

Gage No. Radius Azimuth Group Notes3 Ft Deg.

131 45 75 1 Hoop & merid, reinforcing strain
132 2 Hoop & merid, reinforcing strain
133 3 Hoop & merid. conc. strain
134 4 Hoop & mernd, liner strain
167 5 Radial anchor strain

S135 45 165 1 Hoop & mend reinforcing strain
136 2 Hoop & merid reinforcing strain
137 3 Hoop & merid. conc. strain"
138 4 Hoop & merid, liner strain
169 5 Radial anchor strain

3 139 45 255 1 Hoop & merid, reinforcing strain
140 2 Hoop & merid. reinforcing strain
141 3 Hoop & merid. conc. strain
142 4 Hoop & merid, liner strain
168 5 Radial anchor strain

143 45 345 1 Hoop & merid, reinforcing strain
144 2 Hoop & merid, reinforcing strain
145 3 Hoop & merid. conc. strain

146 4 Hoop & merid, liner strain3 170 5 Radial anchor strain

148 30 75 1 Hoop & merid, reinforcing strain
419 2 Hoop & merid, reinforcing strain
150 3 Hoop & merid, concrete strain
151 4 Hoop & merid, liner strain
171 5 Radial anchor strain

1152 30 345 1 Hoop & merid, reinforcing strain
153 2 Hoop & merid, reinforcing strain
154 3 Hoop & merid, concrete strain
155 4 Hoop & merid, liner strain
172 5 Radial anchor strain

156 15 255 1 Hoop & merid, reinforcing strain
157 2 Hoop & merid, reinforcing strain
158 3 Hoop & merid, concrete strain
159 4 Hoop & merid, liner strain
173 5 Radial anchr strain

160 15 165 1 Hoop & merid, reinforcing strain
161 2 Hoop & merid, reinforcing strain
162 3 Hoop & merid. conc. strain
163 4 Hoop & merid, liner strain
174 5 Radial anchor strain

3A-9
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TABLE B

INSTRUMENTED RADIAL ANCHOR LOCATIONS

Gage No. Bar No. Radius Azimuth

I Ft Deg.

167 L30N15 45 75
167* L31N16 45 75
169 L8S4 45 165
169* L6S4 45 165
168 R30S16 45 255
168* R32S17 45 255
170 R8N3 45 345
170* RION3 45 345
171 L20N17 30 75
1712 6N98 30 75
172 R6N9 30 345
172" R4N9 30 345

173 RilS19 15 255
173* R12S19 15 255
174 L3S15 15 165
174* LISI5 15 165

A
I
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mm o m m m Ma m m m -Mm

TlELE I

EQUIPMENT BATCH r-lEPID]GNAL STPAINS (VICFOIN./1N.)

PRESSUrE (PSIC) O.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.CO 12.00 0.CO

DATE 1C/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

TI7I E 8-19 18.02 4.04 11.48 19.11 2.41 V.25 14.39 19.58 6.00 12.08

CAGE

I->
H

351%
35M*
3 6t1

42tI*
4 3!M14 3m

4 3M*

4 3M
43M*
44M
44M*
4 5M~*
46M
46M*

4 7M*
4814

481t

42M*
41M
40M
40M*
39m
3 9M*
38M
38m*
37M
37M*

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

8
-3
-3

-10
3.- 3

15

-3
15

-44
-18
-13
-33
-28
-23

13
-41

3
21

-254
-62
-92

21
-141

-38
-74

-5

82
49
13
-3
33
15
21

15
21

-13
-13

3
-23

8
36
33

5

33
33

-26
0

-56
67

-62
-13
-44
-23

-31
54

5
44
97o
23

0
23
26
21
-3
26
-8
23

5
41

97
44

115
36
0

72
-77

69
51
44

531
118

41
-136
-105

74
56

74
56

-169
-146

28
-103

-26
74

138
-179

-105
77

-241
5

-95
lib

-287
--115
-128
-128

572
154

46
-141

-92
90
77

90
77

-149
-149

49
-133

8
118
156

-156

-92
79

-38
-5

-95
154

-138
-138
-146
-151

541
141

41
-126

-90
87
79

87
79

-133
-136

54
-85

18
115
141

-141

-90
74

-297
-23
-95
149

-210
-146
-154
-167

-74
41
-3
51
95

0
23

0
23
10
28

-23
-21
-31
-10

-5
28

95
38

138.
23
-3
67

-44
69
36
49

167
64
21

-36
-13

36
23

36
23

-197
-44

5
-49
-10

31
46

-49

-13
23.

-505
-10
-72

69
-287

-62
-197

-85

-72
5
3

41
49
-3
23

-3
23

3
28
-8

-15
5

-5
-8
28

49
8

113
-33
-54

21
-208

23
-195

5

-159
-33

-8
59
54

-15
28

-15
28
-5
49

-13
-5
-8

-33
-33

36

54
3

228
-54
-56

0
-200

33
-87

31

0
0
0
0
0
0
0
0
0
0

* INDICATES REDUNDANT GAGE
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TABLE 2

EQUIPMENT HATCH HOOP STRAINS (MICROIN./IN.)

I-

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 f.00 12.08

--------------------------------------------------------------------------------------- ----------- ------------------------------

GAGE

35H* 0 -15 -5 28 -72 -69 -67 15 -33 15 33

36H* 0 21 64 44 172 208 205 38 92 13 -18

42H 0 5 13 5 26 31 38 0 21 13 8

42H* a 23 15 0 59 56 59 8 31 3 -8

43H 0 46 97 64 195 246 244 56 126 46 18

43[l* 0 8 46 64 69 97 87 62 51 28 15

4)3H 0 46 97 64 195 246 244 56 126 46 18

43H* 0 8 46 64 69 97 87 62 51 28 15

44H 0 -15 -28 59 -177 -215 -231 69 -77 18 49

44H* 0. 5 13 51 -15 -23 -26 51 0 18 21

4511* 0 -61 15 18 -110 -56 -46 -38 -44 28 13

46H 0 -21 10 23 -49 -33 -33 3 -28 8 3

46H* 0 -46 0 21 -95 -79 -85 -38 -87 -44 -54.

4711 0 8 18 38 3 3 3 41 5 13 10

4711* 0 -13 46 85 -15 15 10 54 5 31 18

48H 0 -31 28 74 -82 -56 -74 41 -18 28 5

4811* 0 5 77 56 1i0 156 141 33 64 23 -15

4211 0 5 13 5 26 31 38 0 21 13 8

4211* 0 23 15 0 59 56 59 8 31 3 -8

4111 0 72 121 -54" 492 597 595 -36 259 -3 -85

41H* 0 -13 3 18 -21 -13 -3 8 -3 13 18

401H 0 -18 -13 10 -67 -62 -62 -5 -33 a 10

4011* 0 -23 -10 13 -59 -62 -56 0 -28 5 8

3911 0 8 49 49 72 100 100 44 54 21 0

3911* 0 -59 -31 33 -126 -118 -118 13 -77 -15 0

38fI* 0 41 154 174 246 331 295 167 156 62 10

37H 0 -146 -103 62 -338 -354 -374 41 -213 -62 -28

3711* 0 292 359 405 41 256 231 41 51 -69 -118

* INDICATES REDUNDANT GAGE



m m mm m I m m m 3 m

91t.O"LL 3

V:AIN STEAM,; LINE PEC 1.P.A. IC" ET'1AINS (c':ICrCI:,./I;,.)

PFESSUP.E(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.06 45.00 35.00 12.00 0.Co

CATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

l Ir.: 08.19 18.02 4.04 11.46 19.11 2.41 9.25 14.39 15.58 6.00 12.0e

CAGE

7611
76D
761
.77fl
77D
770
7811
760
7 8 N.
7911
79D
791M:
80!!
1306
8111

81ID
Bo;4

8211
820
0 2,'
831!
83D
0 31
8411
840

84M
8511
85D
8 5V
06!1
86D

8711
871)

88H

8Cl.:
8 511
890
8 9r.

0
0
0
0
0
0
0
0
0

0

0
0
0
0
0

0

0
0
0
0
0
0
0
0

0
0
0

0l
0
0
0
0
o
0
0
o
0
o
0
0
0

-110
-113

-70
-37

3
-87
-27
-33
-7
13

1000
27

-60
-37

3
-47
-20

-3
-3

3
0

-667
-333
-667
-333
-333

333
0

-333
0

-333
-333
-667

0
333

0
-333

0
-333
-333
-333
-333

-87
-140

-17
177
100
-30
-23

17
-3

163
667

70
-20

13
47

0
20
50
53
57

-333
-333
-333
-333
-667
-667

0
-333
-333

0
-667
-333
-333

0
-333
-333

c
-333

0
-333
-333

0

-63
-133

40
207
120
-33
-17

43
40

.200
1000

67
-2C

23
60c

3
30

-130
77
C3

0
-333
-667
-333
-667
-333

0
0

-333
0

-667
-333
-667

0
-333
-333
-333
-667

0
-667
-333

0

-7
-97

97
293
163

17
-3
90
07

260
667

70
23
57
77
53
57

-C3
110
107

0
-1000

-667
-333
-667
-667

333
-333
-667
-333

-1000
-333
-667

0
-333
-333
-333
-333
-333
-333
-667

0

3
-300

120
317
1el0

23
10

110
120,
290
667

63
40
70
87
67
63
33

123
117

0
-333
-667
-667
-333
-667
-333

0
-667
-333
-667
-333
-333
-333
-333

0
-333

0
-333
-333
-333

0

-23
-123

1C0
293
160

-3
-13

70
57

273
333

57
20
53
73
50
47
20

106
103

-333
-667
-667
-667
-667
-607

-333
-333
-667

0
C.
0

-667
-333

0
-333
-667
-333
-333
-333
-667

-63
-150

57
233
130
-33
-30

37
3

220
667
63

-17
20
51
13
27
10
77
t0

c
-333
-667
-667
-667
-333

333
-333
-667

0
-6(7
-333
-667

0
-333
-333
-333
-333

C
-6(7
-333
-333

0
-107

13
377
1C3
93

-43
43

-57
267
667

37
60
735l3
77
53
17
S7
CO

0
-333
-333
-333
-333
-333

333
0

-667
333

-333
0
0
c

-333
-667

0
-233

C
-667
-333

0

-80
-117

-73
127
C3

-27
-37
-13
-53
137
667

30
-10

7
17

3
7

-C3
67
37

0
-667
-667
-333

-1000
-333

0
-333
-667

0
-667
-233
-667

0
0

-333
-233
-23"
-333
-667
-333
-333

-17
-63

-47
-40

7
-90
-10
-40
-23

30
667

30
-67
-50

-7
-60
-33
-73

20
-7

C
0

-667
-333
-667

-1000
0
0

-667
-333
-667
-333
-667
-333
-667
-333
-667
-333
-333
-667
-667
-667



- mm m mmm- mn n m nmmn -

'AVLE 4

FEEDWATEF LINE PENMrATION STFAINS (NICrCII;./IN.)

prESSUME(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 O.C0

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

0-IME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.C8

CAGE

9011 0 -667 -333 -667 -667 -1000 -1333 -1000 -667 -667 -1000

90D 0 -667 -1000 -667 -1000 -G67 -667 -667 -667 -667 -1000

9011 0 0 -333 0 0 0 0 0 0 0 -333

911l 0 -333 0 -333 c 0 333 0 0 0 0

91D 0 333 0 0 -333 -333 333 0 333 0 -333

915! 0 -333 -667 -1000 -667 -667 -6G7 -333 -333 -333 -667

9211 0 0 -667 -667 -667 -333 -333 -667 -333 0 -667

92n 0 -667 -1000 -667 -667 -G67 -1000 -667 -667 -667 -100

92:1 0 -333 -667 -667 -1000 -1000 -667 -333 -667 -667

9311 0 -333 0 -333 -333 -333 1333 -333 -333 -667 -667

93V 0 333 0 -333 0 333 -333 0 333 C 0

9411 0 333 -333 -333 0 -333 -333 -333 333 -333 -667

4. 940 0 -50 17 7 33 53 40 13 63 3 -60

94M4 0 -27 43 43 77 90 73 47 93 27 -33

9511 0 -33 37 40 63 83 70 47 97 27 -33

950 0 -33 97 100 137 153 140 120 167 103 33

95M: 0 -27 33 40 67 87 70 47 90 17 -37

9611 0 -333 -667 -667 -667 -667 -667 -667 -333 -333 -667

96D 0 -333 -333 -333 -667 -333 -333 -667 -333 -333 -333

96i 0 0 -333 -333 -333 -1001 -007 -667 -loco -1000 -667

97D 0 0 -333 -667 -667 0 -667 -667 0 -667 -333

97M 0 0 -333 -333 -333 -333 0 -333 -333 -333 -333

9c1I 0 -333 a 0 0 0 0 -333 0 -333 -333

900 0 -667 -667 -6G7 -333 -667 0 -333 -333 -667 -667

99tM 0 -667 -667 -667 -667 -667 -667 -10CO -333 -667 -1000

9911 0 333 0 0 0 0 0- 0 333 0 0

990 0 -333 -667 -667 -667 -667 -067 -667 -667 -667 -667

99gm 0 -333 -667 -667 -667 -667 -667 -667 -1000 -067 -667

10011 0 -333 0 0 -333 -333 0 -333 0 -667 -333

1000 0 667 667 -1000 -667 -333 0 -667 -667 -333 -333

10011 0 333 333 0 0 333 333 333 0 0 0

10111 0 0 -333 -667 -333 -333 -333 -333 -333 0 0

1010 0 -667 -1000 -667 -667 -333 -667 -667 -667 -667 -667

10111 0 -333 -667 -333 -333 -667 -333 -333 0 -333 -333

1021 0 0 -333 333 0 333 667 0 333 0 0

102D 0 -667 -667 -667 -667 -333 -667 -667 -333 -667 -667

102M 0 57 23 -47 -33 50 20 0 20 -7 -37

103H 0 -333 0 -333 -333 0 -333 -333 0 -333 -333

103D 0 0 -333 -333 -333 0 -333 -333 -333 -333 -333



m m m m m m m m m m - -,m m m - m m m

TA8LE 5

SPARE PENETRATION STRAINS (MICROIN.'/IN..)

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAG E

Ln

104H
104D
104M
10511
105D
1055M
106D
106Y.
1077H
107D
10811
108D
108M
109H
109D
1091
11011
110D
1IOM
11111
111D
I1IM
11211
112D
11211
11311
113D
113M
114H
114D
1141
115H1
115D
11 511
11611
116D
1160.1
1171a
1] 7D
117m

-333
-333
-333

0
-667
-333

57
-87
-27

-7
-23

27
33

-47
-123

-40
-137

-50
-153

-53
-20
-93
-57
-37
-90
-20

-113
-27
-10

-143
-57
-20
-47
-23

-3
-20

-IC7
3

-57
-53

-333
-333
-333
-333
-667
-333

113
-37
30
43
30
67
77
13

-63
10

-33
-7

-70
27
20

3
30

-13
-3
70

-100
13
8o

-73
-10

67
10
30
70

3
-33
80

-10
23

0
-667
-667

0
-333
-333

137
-27

50
63
50
77
97
27

-53
23

-13
0

-63
40
23
0

60
-10

17
93

-137
20

103
-83

-3
87
13
40
93

7
-43
100
-20
30

0
-333
-333
-333
-667
-333

150
10
70
87
73

107
113

57
0

47
57
27
-7
83
37
37

107
-3
77

133
-90

33
143
-33

27
127

37
67

130
23

7
130

7
70

-333
-333

0
-333
-667

0
147

50
83

103
97

110
113

83
37
63

117
47
50

113
43
83

143
7

107
170
-53

47
173

0
43

157
40
87

150
27
43

150
13

107

-333
0

-333
-667
-667
-333

143
30
73
93
83

113
107

63
10
53
70
37
13
80
33
43
110
-3
83

147
-83

37
147
-27

23
137

37
77

130
23
13

133
-7
l;O

-333
-333
-333
-333

-1000
0

133
0

63
73
60

117
100

40
-27

33
13
20

-37
43
30

3
67

-13
53

110
-103

20
110
-60

0
loc

23
60

107
17

-23
113
.- 3353

-333
-333
-667
-333
-667

0
90
77
87
73
83
80
67
80
90
73

153
77

117
80
47

100
127

27
137
133

27
50

127
93
57

133
83
90

113
43

100
117

30
120

-333
-333
-667
-333

-1000
-333

60
0

43
23
30
77
43

3
-17

23
-10

20
-23
-10

27
-7

3
-7
30
30

-60
0.

30
-43
-33

37
27
30
43
13

-2c
47

-47
20

-667
-667
-667
-667

-1000
-333

60
-83

3
-17
-13

70
37

-63
-127

-27
-160

-43
-173
-110

-3
-123

-93
-43
-50
-47

-140
-40
-40

-157
-107

-33
-27
-10
-13
-16

-130
-7

-117
-53



mm mmm mm m m

TAELL 6

CYLINDER I;ýALL MUN DWE•C JULýCIION .ER0IGCAL GTrAINS (LICGI•''./IY.}

AZI UIII 90

PRESSURE (PS IG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.CO 12.00 0.Co

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3
711ir5 8.19 10.02 4.04 11.46 19.11 2.41 S.25 14.39 19.58 6.00 12.08

CAGE

70M
73M

52r.;
5 2M
5511
55M*
56M46S i*
61M

641
> 64M *

67M,

0
0
0
0
0
0
0
0
0
0
0
0
0
0

-27
-57

15
49

-18
-28
-44

44
-18

18
126

0
0

-18

-10 -3 30
-3 7 5C
82 115 -54

-62 -9o -408
54 56 -26

-100 -18 -454
15 103 -110
82 97 120

-2G -49 36
-5 -5 23

215 265 328
0 0 0
0 0 0

54 5S -8

50
53

G
-367

18
-410
-105

146
30
18

346
0
0

31

30 7
50 50

3 74
-405 -154

23 3
-405 -10
-105 97
128 100

2315 2531
23 6

331 303
0 0
0 0

51 -13

43
97

-10
-392

-10
-485

-49
92

2661
13

197
0
0

-26

-33
43

-31
-62

13
6

54
46

2495
-21

-503
0
0
8

-93
-7
18

-90
3

-3
51
28

2523
38
64

0
0-3

* INDICATES REDUNDANT GACE



m n = " = m m mm m = mm m . m mm

rlALLE 7

CYLINtEP VALL AND LrOi.cL JUNC1fOR tEIDIGG.AL STiYLN0 1I.1C1C.1S./I,..)

AZII, ;U if; 200

PIESSURE(PS1G) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.C0

CATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

lII.E 8.19 18.02 4.04 11.4c 19.11 2.41 5.25 14.39 19.58 6.00 12.00

GAGE

7 It.:
74 t:
504

6201*

6 5m:
651".
GON
6813*

0
0
0
0
0
0
0
0
0
0
0
0
0

-3
-27
-10
-21
-13
-33

38
18
62

0
C

-36

33
20
72
49
46
64
95

105
192

0
0

31
13

43 70
43 87
62 69
13 3

80
100
126

54
8

-21
133
110
231

0
0

18

10
5

149
141
282

0
0

-10

51
67

1F2
174
341

0
c
3

1c

4

12

16

13
20

1

70 63
90 s r
G5 31

38 -44
4 -23

26 -62
62 133
a 105
2 236
0 0
a 0
3 -10
3 -36

c0
143
49

-31
5
0

168
90

162
0
0

-28
-23

30
57
31

0

23
2]
46
23
44

0
0

-10
-10

7
-10
-10

-31
3

-36
15

-18
-16

0
0
5

-23

I

5 -33 -13

* INDICATES REOUNDANT GAGE



Sn m mm m m m m - m - m m

CYLINDEF V'PALL AND D-E'c JL:ClIlC- t.EFIDICUPL SUPItNE ([ICrClt../Itn.)
A l I i:U,'l i 3 33 -S,5

PVESSUIF(l(S1C) 0.00 12.00 35.00 45.00 55.00 C3.30 55.00 45.00 35.00 12.00 0.Co

EME 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

0Ir 8.19 1C.02 4.04 11.4C 19.11 2.41 S.25 . 14.39 1S.50 0.CO 12.06

cGiAGEo

7211
7 5V:75r.:
51:;

541'
S 41;*

6 Gr;

-C .

O£:.:*

C0

0
0
0
0
C
0
0
(
C
0
0

-17
-67

31
2C
13
26

46
33
3C
CS

0
41

0

10
-. 133

I00
151

10

144
C7

115
107

C

,144
0

20
-133
110
164

72
100
2CC
315

149
21C

0
I7

0

40
-133

10I
167

31

23C
130
i7s
4C :

C

40
-300
141
226

15
121
236
162
210
392

0

33
-100

120
152

46
105
24F
141,
155

302
0

220
C

30
-133

75
ICC

-44

215
126
1S4.
3CC

C
ISCC,

4 -
-ICo

67
121
-A,
51

155
52

121

244
C

•145

-11

44
!4

-1 C.
3C

3G

130

C
44
C

-1c
-67

21
-f

-104

56
13

Cr05

C
-3

C

00

236 267
0 0

* 1zr0ICATES FELUNEi4'1 CACE



U m mmm m m - m m m m - -

TIAELE 9.

'-0

CYLIlNDL, V'ILL AND: E;Gt.[ JUlCIlCV' l;CCF sTrAIO-•S (,''ICl':-, Ui./ :.

AM1. Ug : So

PlrrESUc(PSIO) 0.00 12.00 35.00 45.00 55.00 63.30 S.0S 4 .0c 2 5.c0 12.00 0.80

EATE 10/31 10/31 11/1 11/1 21/3 11/2 11/2 11/2 11/2 11/3 11/3
T81.iE 8.19 18.02 4.04 11.40 19.1] 2.41 S.25 14.3S 1, .5r 6.00 12.08

CAC E

70!: 0 -14C -73 - t7 -7 30 -23 -7C 03 -63 -17C
731 c 33 100 13C 177 197 1 60 160 133 G3 23
4911 0 110 22& I00 221 287 256 177 95 51 0
4911 0 -23 123 131 54 144 133 49 44 31 -3
5211 0 -28 62 3t. -5 4C 3C, -1e c 10 -15
521'* 0 3 87 69 21 74 6 9 13. -3 -5s 5
5511 0 0 -256 -256 513 256 0 513 2564 513 iC26
5611 C. 0 -38 -51 -51 -69 -50 -31 -31 -3 1c
5011* 0 -8 -49 -33 -2G -46 -3C -5 -23 2C 44
61f!* 0 62 185 241 310 354 315 274 213 " 5 31
6411 0 0 0 0 0 0 0 6 0 0 0
6411* 0 -3 -55 -64 -67 -C7 -72 -33 -36 -10 1i
6711 0 0 0 0 0 0. 0 0 0 0 0
671i* 0 0 0 0 0 0 0 0 0 0 0

* INDICATES FEDUNDANT CACE



TWLL iC

0

CYLINDEr 1;ALL AND DOG.E JCaZXIKN IICCP SjIPAILZ (b;1CrCIN._/1t.)
AZ I-CU 111 200

PRESSUIE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.0c 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

7AIlE 8.19 18.02 4.04 11.4C 19.11 2.41 5.25 14.39 19.58 6.00 12. CL1

CAGE

7111 0 333 667 333 -333 -667 -loCo -1667 -1333 -2333 -2666

741! 0 -10 73 110 180 207 173 150 100 37 -43

501! 0 -36 69 8 -3 64 21 -100 -62 -46 -118

501i* 0 -3 103 59 77 149 110 18 33 3C -5

5311 0 -618 -867 -367 -638 -674 -43C -508 -679 -669 -52C

531!* 0 -15 49 13 21 64 28 -2] C 18 -15

5611 0 -28 -44 -62 -56 -62 -67 -54 -11 -26 -38

561!* 0 -3 -44 -44 -49 -67 -56 -31 -31 -5 13

591ii 0 -5 -49 -51 -56 -67 -64 -36 -21 3 23

6211* 0 -44 -151 -118 -154 -208 -102 -182 -190 -174 -349

6511 0 0 0 0 0 0 0 0 0 0 0

65!i" 0 -10 -72 -69 -82 -100 -77 -44 -46 -8 13

61311 0 0 0 0 C 0 0 0 0 0 0

6811* C 62 82 138 77 123 102 10 33 -'4 82

* INDICATES REDUNDANT GAGE



- - - m~ m m m mn m m m m m m m

T7E .E 11

CYLINDER WALL AND DOVE JUNCTION HOOP STPAIPIS (MICPOXN./IN.)
AZI U if! 333-55

PPESSUPO(PSIC) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

CAlE 10/31 10/31 11/1 11/. 11/1 11/2 11/2 11/2 11/2 11/3 11/3

"IME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAG C

7211
751I
5113
5111*
5411
5411*
57!1

6011
60|{*

6311*
6611

6 9il
69311

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-37
-90

23
54
36
36

-15
26
20
-8

-10
-256

-21
0
0

27
-103

95
167

95
131
-44

54
-100

-51
-62

-256
-69

0
0

43
-113

C7
172
310
123
-56
-41

-118
-51
-74

-256
-C5

0
0

97
-F3

C5
131

13
79

-59
-51

-13C
-62
-(5
256
-C2

0
0

117
-80
118
185
192
126
-64
-64

-102
-74

-105
0

-90
0
0

87
-97

97
172
231
113
-64
-72

-126
-62
-V7
256
-77

0
0

50
-107

46
69

131
36

-51
44

-102
-31C
-5 1
256
-46

0
0

00
-33

51
64

172
36

-2a
21

-141
-31
-54
256
-36

0
0

-7
-67

-47
-70

31 -5
54 21

t..

95
44

-15
3

-49
-5

-10
256
-8

0
0

41
3C

-15
-13
-132

13
21

0
13
0
0

* INDICATES REDUNDANT GAGE
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TABLE 12

WALL LINER STRAINS (MICROIN./IN.)

PRESSURE(PSXG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE AZ. CLEV.

70H
70D
70M

90 172-0 0
0
0

-140
-73
-27

-73
-37
-10

-87
-37

-3

-7
13
30

30
33
50

-23
3

30

-70
-30

7

83
47
43

-63 -170
-57 -113
-. 33 -93

71H
71D
71m

200 172-0 0
0
0

333
-7
-3

667
63
33

333
53
43

-333
67
70

-667
100

80

-1000
77
70

-1667
53
63

-1333
67
80

-2333
-3
30

-2666
-37

7

7211 333-55 172-0
72D
7 2M

0
0
0

-37
-47
-17

27
3

10

43
10
20

97
50
40

117
70
40

87
50
33

50
27
30

80
73
47

-7
0

17

-47
"-43

-10

73H
73D
73M

90 204-0 0
0
0

33
-33
-57

100
27
-3

130
40

7

177
97
50

197
117

53

180
93
50

160
70
50

133
120

97

63
13
43

23
-50

-7

74H
74D
74M

200 204-0 0
0
0

-10
-83
-27

73
-3
20

110
17
43

180
90
87

207
117
100

173
77
90

150
50
90

180
177
143

37
0

57

-43
-117

-10

7511 333-55 204-0
75D
7 5M

0
0
0

-90 -103
-93 -60
-67 -133

-113
-60

-133

-83
-7

-133

-80
20

-100

-97
37

-100

-107
43

-133

-33
183

-100

-67
103

-100

-70
67

-67
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TADLE 13

DO;E MEPIDICNAL STRAINS (rICROIN./IN.)
PADIUS 45 FLET

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00
DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3
TINE 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08
A--------------------------------------- ------------------------- ----- -------------- ---------------------------

GAGE

AZIMUTH 75

131M
131M*
132M*
134M

0
0
0
0

-24
-23

-1
7

-272
-121

73
-3

-279
-155

87
7

-77
-145

62
27

-292
-200

74
37

-146
-183

78
37

115
-104

51
37

162
-100

28
7

-90
-46

13
-10

253
8
0
3

AZIMUTH 255

I..

139M
1 39M*
140M
140M*
142M

0
0
0
0
0

32
27
29
28

7

281
109
163
113

3

281
114
212
150

13

336
115
228
142

33

487
255
358
236

40

400
227
321
223

40

229
126
217
155

47

222
128
176
124

23

119
83
99
73
13

35
28
49
36
10

AZIMUIH 165

135M
135M*
136M
136M*
138M

0
0
0
0
0

13
-3
26
14
80

117
105
109

96
120

112
112
123
119
157

92
81

109
105
153

137
144
136
136
167

127
138
126
128
170

49
49
81
81

173

51
55
51
51
87

21
31

9
17

100

-29
-27
-23
-18
213

AZIMUTH 345

143M
143M*
144M
144M*
146M

0
0
0
0
0

-37
-40

38
41
37

-259
-115

131
117

97

-277
-227

131
140
117

-290
-323

129
136
137

-414
-562

158
162
167

-377
-491

142
147
153

-274
-304

72
105
140

-206
-267

67
74
97

-105
-154

23
24
53

-54
-67
-37
-18

50

* INDICATES REDUNDANT GAGE



TABLE 14

DOME MERIDIONAL STRAINS (MICROIN./IN.)
RADIUS 30 FEET

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 .11/2 11/3 11/3

TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 ;5.00 12.08

GAGE

AZIMUTH 75

148K
14 814*
14 9M
14 9M*
151M

0
0
0
0
0

38
-33

14
36
60

499
387
129
218
117

538
360
212
315
160

636
322
209
346
190

794
533
265
442
217

676
460
249
408
210

395
79

179
317
207

346
-10
135
251
140

126
-151

79
141
127

-9
-251

46
79

120

4I AZIMUTH 345

152M
152M*
153M
153m*
154M
155M

0
0
0
0
0
0

-96
-47

65
37

-37
47

-453
-628

63
232

0
103

-509
-724

264
267
-13
147

-554
-877

545
290
170
173

-617
-1049

399
364

13
193

-S70
-872

271
344

-3
183

-474
-549

686
276
-20
163

-349
-440

758
231

43
100

-109
-177

458
127
-17

63

18
-45
483

67
-70

53

* INDICATES REDUNDANT GAGE



TABLE 15

DOME MERIDIONAL STRAINS (MICROIN./IN.)
RADIUS 15 FEET

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00
DATE 10/31 10/31 11/1 11/1 1I/i 11/2 11/2 11/2 11/2 11/3 11/3
TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE

AZINUTH 255

156N
156M*
157h
1 58N

15 9m

0
0
0
0
0
0

29
23

-28
-32
-20

33

108
83

-118
-117

57
120

108
73

-195
-218

87
160

92
73

-201
-219

117
213

118
182

-258
-294

137
253

112
176

-244
-279

120
230

46
71

-179
-217

83
197

46
106

-131
-162
127
163

15
108
-64
-85

20
73

-31
56

-27
-47
-50

30

LA
AZINUTH 165

160N
160M*
161m
161M*
16214
163M

0
0
0
0
0
0

-18
-19
-31
-40

-7
2913

-123
-81

-117
-121

0
-1766

-124
-376
-150
-415

-3
-1357

-112
-399
-158
-426

0
-857

-205
-533
-237
-520

-3
-823

-190
-456
-227
-463

-3
-820

-91
-221
-174
-326

-3
-847

-88
-186
-128
-209

17
-1470

-40
-85
-72
-74

-7
-1037

15
-14
-36
-21
-23

-1000

* INDICATES REDUNDANT GAGE



TABLE 16

DOME HOOP STRAINS (MICROIN./IN.)
RADIUS 45 FEET

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/1I 11/2 11/2 11/2 11/2 11/3 11/3

TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12,08

GAGE

AZIMUTH 75

131H
131H*
13211
132f1*
13 3H
134H

0
0
0
0
0
0

18
6

-31
-33
-17

-7

-86
-87

-131
-141

0
40

-7,
-86

-164
-162

-7
73

-49
-54

-151
-162

-3
127

-108
-79

-185
-199

3
163

-96
-82

-172
-176

-7
137

-13
-24

-117
-121

-17
110

-28
-29
-85
-79

10
93

-13
-17
-35
-19

-7
13

23
15

5
19

-33
-20

AZIMUTH 255

0"

139H
139H*
140H
140H*
141H
14211

0
0
0
0
0
0

6
3

24
-4

-73
-60

131
101
136

47
-50

63

117
74

153
58

-67
87

128
79

169
46

-43
187

242
94

215
53
10

230

200
83

183
58

-60
180

95
14

129
19

-73
123

105
32

105
5

-100
220

67
19
so
-1

-140
47

14,
-13

17
-19

-113
-37

AZIMUTH 165

135H
13511*
136H
1361n*
137H
.13811

0
0
0
0
0
0

-29
-24
-13

-9
-43

23

.260
171
187

86
40.

137

218
209
247
197

47
177

245
200
218
177

73
240

346
305
297
259
103
280

285
281
281
250

70
250

82
141
168
165
40

210

115
150
118
114

87
203

72
109

72
67

0
97

-12
44
40
36

-67
43

14311
143H*
144H!
144f1*
14511
14611

AZIMUTH 345

0 -33
0 -14
0 14
0 15
0 -37
0 -37

-59
-74
358
304

20
83

-38
-96
336
354.
50

113

-35
-82
372
355

67
197

-59
-104

453
427

83
243

-37
-101

385
382

63
203

-22
-71
222
249

33
137

-41
-42
204
186

87
200

-19
-15

104
3

50

3
1

58
64

-53
-50

* INDICATES REDUNDANT GAGE
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TABLE 17

DOME HOOP STRAINS (MIC.OIN./IN.)
RADIUS 30 FEET

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 I1/i 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

TINE 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE

AZIMUTH 75

1481H
148H*
14911
14911*
15011
15111

0
0
0
0
0
0

-22
0

-26
-40
-50

13

-168
-324
-326
-286

-40
103

-168
-372
-442
-363

-37
137

-213
-353
-465
-395

-27
193

-351
-431
-605
-483

-13
227

-310
-355
-546
-442

-20
217

-167
-146
-378
-327

-33
197

-182
-151
-278
-245

20
197

-103
-47

-124
-103

-27
133

-12
45

-47
-35
-77

90

IJ

AZIMUTH 345

15211
152H*
15311
153H*
15411
155H

0
0
0
0
0
0

35
27
55
31

-17
-3

345
210
381
324

43
60

404
244
518
459

50
93

509
308
585
508

67
133

612
420
606
632

77
170

495
353
583
560

63
153

288
182
624
383

47
133

265
163
553
274
73

127

112
68

426
122

3
50

6
-15
368

55
-40
10

* INDICATES REDUNDANT GAGE
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TABLE 18

DONE HOOP STRAINS (MICROIN./IN.)
RADIUS 15 FEET

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/I 11/2 11/2 11/2 11/2 1I/3 11/3

TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE

AZIMUTH 255

15611
15611*
157H
15711*
158H
15911

a
0
0
0
0
0

-18
-33

36
27

-20
43

-227
-106

-50
126
10

120

-222
-113

68
162

0
160

-251
-123

88
162
10

207

-321
-164

79
194

17
240

-274
-155

68
188

7
223

-127
-85

72
146
-13
203

-122
-94

42
119

40
160

-60 -3
-59 -4
-26 -55

77 45
-7 -60
87 57

I0

AZIMUTH 165

160H
160H*
16111
161116
16211
16 3h

0
0
0
0
0
0

-12
-32
-27
-36
-33

37

-97
-91

-183
-99
-30
113

-135
-135
-265
-151

-33
150

-114
-115
-294
-149

-20
217

-205
-210
-400
-237

-20
280

-201
-194
-369
-227

-30
337

-109
-97

-276
-173

-37
323

-103
-92

-195
-121

7
280

-59
-45
-90
-63
-30
467

-4
6

-44
-29
-70
487

* INDICATES REDUNDANT GAGE



TABLE 19

DCME RADIAL STRAINS (MICROIN./IN.)
R•ADIUS 45 FEET

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00
DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3
TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE

AZIMUTH 75

167R
167R"

0
0

8 27 18 23 26 27 18 13 22
-2 12 8 10 10 10 12 13 -168

35
-152

I
ho
•m

AZIMUTH 255

168R
168R*

0
0

3
0

-3
2

-7 -8 -5
3 12 13

2
25

5 -7 13 27
38 72 95 105

169R
169R*

AZIMUTH 165

0 -12
0 -18

AZIMUTH 345

-30
-15

-32
-23

-40
-15

-43
-12

-38
-17

-30
-18

-20
-10

-7 -2
-8 -2

17CR
170R*

0
0

8 -5 -2 -17
-8 12 27 28

-22
62

-7 3 -13
83 75 60

15 32
77 82

* INDICATES REDUNDANT GAGE



TABLE 20

DOME RADIAL STRAINS (MICROIN./IN.)
RADIUS 30 FEET

----------------------------------------------------------------------------------------------------------------------
PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00
DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3
TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE

171R
171R*

AZIMUTH 75

0 -22
0 -13

AZIMU.2'H 345

-25
-22

-25
-23

-28
-33

-20
-32

-12
-25

-12
-20

7
-15

33 42
5 12

0 172R
172R*

0 -3 -2 -5 -3 -3 ,-2 -3
0 -17 12 22 28 57 77 75

3 12
80 103

1i
113

* INDICATES REDUNDANT GAGE



TABLE 21

DOME RADIAL STRAINS (mICPOIN./IN.)
RADIUS 15 FEET

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00
DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3
TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE

AZIMUTH 255

0 -12
0 -28

173R
173R*

17
-28

12
-27

27
-33

37
-35

30
-32

18
-37

37. 45 48
-5 -8 -13

I..
to

AZIMUTH 165

174R 0 572
174R* 0 -13

* INDICATES REDUNDANT GAGE

625
-17

663
-13

658
-23

660
-23

668
-15

667
-8

675
3

693
15

700
27

I



so gom A* P" tm, 60 lo NoW - aw on No 04,3 **-o ms

IALLE 22

DGO.;E LIN68 S'IRAINS t.IChOLLJ./hfi.)

PELSu1Ex(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 8.C0

LATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

-IE 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.35 19.58 6.00 12.08

GAGE

N)

134fl
134D
13411
142:4
1420
14211
13CM
138D
13Gif
146 :i
14611
1 4 6 li

1511.1
1510
151h1
1551:
155D

1591.1
159D
15 9ti
163t1
163D
16311

0
0
0
0
0
0
0
0
0
0
0
0
0
0
G
0
0
0

0
0
0
0
0

7
-23

-7
7

-10
-6C

80
70
23
37
20

-37
f0
-7
13
47

390
-3
33

-57
43

2913
183

37

-3
-10

40
3

-63
63

120
97

137
S7
23
83

117
03

103
103

-183
60

120
57

120
-1766
-2086

113

7
-63

73
13

-67
87

157
,120
177
117

33
113
1co
117
137
147

-140
93

160
97

160
-1357
-2046

150

27
-C0
127

33
-63
i17
153
187
240

137
37

197
190
1-70
133
173
-63
133
213
177
207

.- C57
-1703

217

37
-80
163

40
-70
230
167
22 7
260
167

40
243
217
210
22 7
193

50
170
253
240
240

-C23
-1423

2G0

37
-70
137
40

-50
180
170
227
250
153

53
203
210
187
217

163
63

153
230
200
223

-620
-1153

337

37
-50
l1

47
-27
123
173
317
21C
140

G7
137
2C7
143
197
163

33
133
1.,7
137
2C3

-C47
-11S3

323

7
-37

93
23

-33
220

E7
160
203

C7
47

200
140
173
197
100

0I

127
163
2G0
160

-1470
-1230

280

-10
-23

13
13

-20
47

100
127

97
53
50
50

127
77

133
63
47
5C
73
33
67

-1037
-190

467

3
-3

-2C
10

-37
213
133
43
50
50

-50
12,

20
s0
53
30
10
30

-63
57

-1000
-210

487
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£
I

MAIN STEAM LINE PENETRATION

ROSETTE NUMBER 76

I
I
I
I
I
I
I
I
I
I
J1

PRESSURE
(PSIG)

0.00
12.00
35.00

55.00
63..30
55.00
45.00i
35.00
12.00
0. 8n

STRAINS
(M I CRO IN.iN. )

MAX MIH SHEAR

STRESSES
(PSI)

MAX M I N SHEAR

0
-59

43
121
196
234
211
155
120
-37-47

0
-121
-147
-144

-110
-135
-162
-107
-117

-77

0
"61
1 i0
'264
30*2
344
:3,46
317
22,7

30

0 1
-3043

-21
2465
5 2 28n
6388
5447
33937
280:

-2281
-2218':

-4414
-4260
-3432
-1499
-1279
-2272

-2256
-4071
-28391

0
G-85

211 -9

2948

3 :'3 6_- 4

3.5-':.59'39A
-Jo *-: 7

3535

2532
n895

ANGLE
(DEG)

0.00
24. 70
.34.19
33.50

34.98
35.48
34.56

4 3 2
42.62

:-'. 17

ROSETTE NUMBER 7?

PRESSURE

12. 00
:35. 00
45.00
55. 00
63.30
55,00
45.00
35.800
12. Ci(.F Il

STRAINS
(N I CR0 I N. / IN.)

MAX MIN SHEAR

STRESSES
(PSI)

to- AIN I N SHEAFR

i'0
180
211
294
317
294
237
386
134

11

0
-131

-33
-:38

16
23
-4

-37
84

-34
-141

01:39
213
24-
277
294
298
273
302
167
152

541:

9512
1 E321
9332
7191

13098

-1000

0
-410C

8 12
3222-: 0
3r 7
2681
1094
6:371

20E
-4386

A
15 5

2778

3279

3048
3-36 4
18.3

1693:

ANGLE
(DEG)

0.00
34. 48
7.24
7. 76
1. 72
1 .95'1 . 95

6.34
-10. C12

1.1.75
3 5. • "'.,

ROSETTE NUMBER 78

PRESSURE
( PS I GC

I
STRAINS

(011CROIN. 'IN.)
MAX M I H SHEAR

STRESSES
(PSI)

MAX MIN SHEAR

I
I
I
I

0.0012. 00

35.00
45.00
55.00

55.0045. 00
35.00

12.00

0

18
54

108
1:36

8,1:39

44
-12

n

-45
-31
-24

-6o

-144
-78
-41

0
39

63
85

132
142
I119
105

IC1187
65
49

0
-257

153
1401
3199
4278
2229

62:3
16

-1134
-149

0
-1124
--1258

-465

1107
-4:4

-172-83
-4158
-2594
-1232

0
4234
705
948

1473
15-5
13-1
1176
2087

7:30
541

ANGLE

0.00
29.52

-35.78
-24.09

-23.52

-19.64
-27. 05
-35.78

42. 96

37. 0:3

A-34



I
I
15
I
I
I
I
I

MAIN STEAM LINE PENETRATION

ROSETTE NUMBER 79

PRE S S LIRE
(PSIG:

STRA IN S
(Mi I CiRi 1N. / I H.:

rM1A 1'1 I N SHEAFR

STRE.SSE S
(PSI)

P1~~ AX I N SHEAR

0.00
12.00
:35.00
45.00
55.00
63. 30
55. 00
45. 00
35. CI
12.00
0.00

0
1000

669
1002676
.660
365
672
6 796, 69
6G7

0
-960
-4.5
-736
-346

-35
-389-:376
-502
-60-7

0
1960
1104
17:3S
1021
1006

400
1062'
1055
1171
1273

' 0
22688
17145
24912
18224
185:37
11:300
17708
18053
16518
15444

0
-210,-2 1

-74-(9
.-,,.... 4,.

-4554
-39 0023-70
-5372
- 5 4 ED J'S

-9614
-1 2'958

0
2 1 S' .,.

193H:-.

11218
4465

11$40
I 1770
13 0e,6

14201

ANGLE
(. DE' :)

0.00
-44. 31
42.58-
42. :'0

:39.6e.4
:,::. 49
28 . G2
40.76-
:,'S .i 7 1

4-2. .-'39
45.00

ROSETTE NUMBER E:80

PRFESSURE
1(P1I."

ST R A I NiS
(P11 CR0 IN. IN.)

M A,-:: rMi I N S H E A R

S.T RES SE C:
(PSI.'
MP IN::'--------------I

I
I
I
I
I
I
I
I
I
I

0.00
12.00
35. 00
45. 00
55.00
63.30
55.00
45. 00
35.00
12.00
0.00

0
4

47
60
77
88
74
57,

74
17
-4

0
-61

-20
-20

39
19

-17

40
-10
- b9'

0
65

67
C: Ci55
49
55

34
27
6 e

0
-44:'
12'?6

i724
26:E4
3165
2546
1646
2727

445-7:'-i:

0
-1904

-9 1
-67

1458
2022
1320

11
196.8
-16:8

-2251

SHEAR

0
73:3-1
744

613
541
613
8 11
379
3 "7

7'2

ANGLE
(DEG)

0.00
7. :--7
0.00

-2.38
-7.02
-7, 97

-7.02
0. CI

'-9.3-5
-7.I 12

11.9:-3.

ROSETTE NUMBER 8 1

PRESSURE
(PS IG)

ST R A INS
(MICROIN./IN. H .

MAX MW S 3H EA R

STRESSE'S'
(F'S-X I) 1 :1 A XrM I N SHERR

0.00
12.00
35.00
45.00
55.00
63.:30
55.00
45. 00
35.00
12. 00
0.00

0
-:3
50
51
:34
71
54
27 '7

7 7
24

-. 33

0
-47

-0
-173

-114
29
16
--3
16

-104
-101

0
44
51

229
198

43
38
30
61

127
6 IS:

0
-540
1604

-65
1587
2547
1:374
820

2619
-2:36

-200:3

0
-- 15 2,2,.

467
-51 '2

1026
147

124:8
-:35077

-35,..2..0•.

049 6
569

2209
476R

424
•' ":'I7

1420
758

ANFIGLE

0.00
-6.50

I b .. s

1.6
19. :33
18.94
41. r
6.26221.56

35. 3 5

A-35



I
I
I
U
I
I
I
I
I'
£
I
I

MAIN STERN LINE PENETRFATION

RF0OSETTE NUMBER NE: 82

PRESSURE
(PSIG)

STRA INS
(MICRO IN., IN. )

MAX M I N SHEAR

STRESSES
(PS:I

Mr A 1,? IN

ANG:LE
<t DEG)

12. C0~
35.00
45.00
55.00
63.30i
55.00
45. 08-
35.00
12. 001 .m0

0
4

136
.97
130
144

192
95

107
67
29

0
-7

-41 G-
-21
-20
-21

-425
-18
-2 C-0
-9

552118

151
165
617
113

67
39

49
352

2906
3962
4398
2055
2851
3216
2128

848

0
-11951

269
595
71 1

-11720
325
375
634
-19

SHE AR

118
6151
1319
168-'3
1843
6887
1263
1420

747
434

-25. 7:8:
,-,-.74 ...
24. 79
21.61
201.86.
22'_...72
23. 69
23.5?6-

2. 86
-29.52

ROSETTE NUMBER 8:3

PRESSURE
(PSIG)

STRAINS
,:MICRO IN. .' I .

MAX ' IH SHEAR

STRESSES
(PSI)-

SHEAF

0.00
12.00
35.00
45.00
55.0063.30
55.00
45.00
35.00i
12.00
0.00

0
-333
-333

-0
-333
-264
-667
-264
-333
-264

:360

ci
-1 0 Li

- I- rc
-33:3
-667

-1000
-736
-667
-736

-736
-694

n
667

0

667
471

0
471

0
471

1I54

0
-20181
-13808
-6303

-20181:
-15455
-27616
- 15455

-13808
-15455

4852

cl

-35051

-27616

-2 59 Ci-'C

-13808
-25978

-18660

0

743

0

5257
11756

ANIIGILE
(DEC)

0.00
45. 00
45. 00

45.00

-22. 50
-45.780

22. l
3I 5Li7

I FC'OSETTE NUM'B1EER :34

I PRESSURE
(PSIG)

I
£
I
I
I

0.00
12. 0 Il
35.00
45.00
55. 00
63.30
55.00
45.00

12. 00
0.00

MrX

0
471
1.3.

I--i541
-1-264

360
471

27
412

STRAINS
'ICROIN,1IN 1E
MIN SHEAR

STRESSES
(PSi)

MAX MI[

cL
-471
-805
-667
-874
-667
-736
-694

-471
-1017
-1079

cl
9 43
943
667

1414

471
1054

943
1054
1491

cl
10515
-3293
-6373

8868
-6373

-15455

4852
10515
-8-956

2817

cl

1 C.t 15

-24323
-2124.a

-21243
-25970
-1@660
-10515
--32468
-30414

105 J.5
105 15S

7425

15772
74351
5257

11756
10515
11756
16626

SHEAF:

AHGLE
(BEG)

C .. -. 5

22 50

22. 50

22 50

31q 72

A-36



I M'WAIN STEAII LINE PENETr.'ATION

ROSETTE NUMBER :-::5I
S
I
I
I
I
I.
I

PRF'.ESSUREP
(PSIG)

S T R A I E;
( CEO I C:R I N .... I N.,

MA, X 11 N S-HEAR

S3TRESSESE11
(.PSI'.

S H E A R

12.80

45.00
55.00

55. 00
45. 00
35.00LT

12. :00
0I 1.1CI

0
:333::

69

-0
360

301
1016

360
3 G0C

-333

-402
- 3 :.:-233

-694
-6974
-694

- h' ': 4
-694- G.94

S6?
471
667
667

1054

1054
1700
1054
10.54

4
1. t-.7435

-1647

745

485
49 ','-',H4,,52
4852

25860•F
4852.

4852 .

4
-12162

- 74:--:52 12~
- 18660

1 i-s-:66

-12052
-118660- 1 f. 6i•

0

7435
(43( 4:--:5

11 i756
1 1756
11756
189 56
1 17S6
1 175C.

ANGLE

0.00
45.00

45. 00.'
45. z00

- :35,. 7,8'
3' 5.7 :1:
3- 5 '. 03,39. I 35
4 3 ,-,

:-, .7 .

.- .I .- •

ROSETTE NUMBER '-',

F'RES SU RE
(F'SIG:,

,: T F.:,A I [.:,
('IC:IF:R %IN . '11;::

MA::X:: fi11 ':-:;HEAR
r:: F'S I :

Mm"1 MIN[.

ANGLE
(B E G .:'

:S;HEAF!

I
I

0.00
12.00
35.00
45.00
55.00

55.00
45.00
35.00
12.00
0.O0

0
-264

- 2 :6, 4i

-264
12::::

69
_-333:,,..,

-:E:31:3

0

-7:36
-1000- i :':60

-40F2
-1000
-1 000

0
471
471

1054
471

943

471
667
667'*
t,' ,"~

0
-15455
-15455
-201:81
-22764.

-32?93
- 20 Ks- 1

1647
-20181
-20181

-290

4C4 276
-25970
-24:'23

-12162 a
-:350 51
--. : 5. 0 ,5 1

.0

,I .1 .I I
5257

%'I.. -'.", "1175 '6

10515

743:5

74:3:5
c4:35

0 . C
22."": 50

-22 50i
45 .00
--:5 .. •"7 ',-,

-'. 50
22. 50

45. 00
-22 50

45. 00

I ROSETTE NUMt'.E:ER ::7

1 P RE S SU RE
(F'SIG)

STFRAIINS
MI CRN011. /H I

iA. ' I N -HERFR:

STRESSES
<F' S,' I, )

MA A X i I S - HE A F:

I
I
I'
I
LI

0.00
12.00
35.00
45.00
55. 00
63. 30
55.00
45. 00
35.00
12. 00
0.O

0:333
6'9
69
6'9
69
-0
6'9
-0
69

-c

0

-402
-402
-402
-402

-667-40i2
-667
-402
-- 667:_ f

0
667

471
471
471
471
667

471
667
4171
6 67

0
7435:

-1647
16'47

-1647

-1647
-6:373--1647
-637:3

-7435

1- 1. 6"-1216:2
-12162
-12162

1 121'.2
-212-4 ...3

-12162
-2124:'._-',
-12-:162
2 12 4',.

Ft
74:35
5257
5257

fj -43' f5

7 4:35

ANGLE
(DECG):

0 . Ol0

45. 00

--22. 50
--22. 50

45. 00

"-22 50
cl.0 0¢

22.._ .:0
4 ., n0

A-37



I
I
I
I
I
I
I
I
3
I
I
I
I
I
U
I
I
3

MAIN STEAM LINE PEHETRATION

ROSETTE HUMBER 8-8

PRESSURE
( P : I G)

STRAINS
(MI CR: IN 1 .IN.1

MA1x: MI ! N -HEA R

STRESSES
( PS I)

MKX MIN SHEA•F

cl. 0I012.00
35. 00

45.00
55.00
63.301
55.00
45.00
35.00
12.00
0.00

0
-0

333
360

-0
-264

69
333

7333
- 264

0
_6 f
-333
-694

-66;7
-736
-402
-333
-333
-736.

ci
667
667

1054
0

4'71
471

667

471

.0
-6373

7435
4852

-13808
-6373

-15455
-1647

7435
-13:,08
-15455

0
-21243

-7435
- I:.::;. C.

-13

-259 70

-12162
-7425

--.23' ,
-25970

07435
7435

1175ý,6

74.5
5 257'
5257
7435

0
5257

ANGLE
(D:EG)

0.00
45.00
4 5. E0 C
35. 7C0
45. 00•

-22. 50
45. 00
45. L0

-22. 5i

R:OSETTE NUM11BEER F::9

PRESSURE.
(PSIG)

STRA I NS
(M I CRO'I N. / INU

MAI I IN S!HERAR

STRESSES
(PSI)

Mri MI N SHEAF

0.00
12.00
35. 00
45.00
55. 00
63.230
55.0F
45.00
35.00
12.00
0.00

0
-33369

- 0
:360

g 9.360
-264

-0
-264
-667

cL
-333
-402
-667
-6_94
-402
-694
-736
-66,'-
-736
-667

0
0

471

1054
471

1054
471

471
0

1 i-13808
-1647
-6373

4852
-1647
4852

-15455
-6373--

-15455
-27616

0
-13808
-12162
-21243
- 186;60
-12162
-186660
-259TO
-212 43,-

-27616

0ri
5257
7 435

11 75C.
5257

11756
5257

5257
0

ANGLE
(DEG)

0.00
45.00
22.50

35. 078
22. 50

3 5 .78---
-22.50

-22. !50
45. Z00

I A-38



I
U
I
I
I
I
£
I
I
I
I
I

FEEDWATER LIHE PEHETRATI OH

ROSETTE NUMBER 90

PRESSURE
(PSIG)

STRR I NS
(HICROII . "IN H

N.A [MI N SHEAR

STRESSES
(PSI)

MAX MIH SHEAR

12.00
35.00
45.00
55.00
63.30
55.00l
45. 00
35.00l
12.00
0.00

0
138

412
27
-0
27

138
138

-195

- 08r
-805* 1000

-1079
-1027
-1333
-1027

-80•5
-8015

-1138.

0
94:3

94
1491
1054
1333

1054
94:3
943
943

ri
-3293

10162
-3293

2817
-8956

-12746
-8956
-3293
-3293

-171011

0
-24323
-28603
-24323-34 4

-:-'04:" 4

-32468

-24323
-24323
-3:3 131

0
10515
14870
10515
16626

11756
14::7r0
1 1756
10515
10515
10515

AHNGLE
(BEG)

22. 50

45. nf
22. 50
'31 . 72
fl 6

22. 50
22. 50
22. 50

ROSETTE HIJUMFBER 91

PRESSURE
'PSIG)

.STRAIHS
(MICRO IN" ID.

MAX !-:I.H SHEAFR

STRESSES
(PSI)

TA. MIN SHEAF:

0. 00
12.00
35.00
45. 003

63.30l
55. 8CI
45.700
35.00l1& 008
4.00

0
333

13879

540
69

:360
69
-80

0
-1000

-805
-i412

-667
-874
-402
-694
-402
-667

1333

943
1491

G.,b G. 7

667
1414

471
1054

471
667

0
1062

-3293

-10U991
-637 3
-6373

8868

-1647
4852

-1647
-6373

-24323

-44242
-21243
-21243
-22676
-12162

-21243

014878

16626
7435
7435

15772
.5257

11756.
525 7
7435

AFHGLE
(DEG)

45.8C1
22. 50
31q.72

0.800

22. 50
22 50

-3ý5 7,,.
22.50t01

I
I
I
I
S
I
£

ROSETTE HU1BER 92

PRESSURE
(PSIG)

STFR:AI WS
(MI CRO IN. / I HN)

MAX M IH SHEAR

STRESSES
(PSI)

M. MIN H SHEAR

12.00lr
35.001
45.00
55.00
63. 30
55.00
45. CIO
35.00
12.00
0,00

-667
-598
-333

- c'-0

13:3
-333

0
-6F94

-1800
-667

-1069
-1000

- 6,'G-667
-805

-10LI0

0

667

471

6 l
667
943
667-.-

0
485 2-20181

-27616

-20181

-27616
-6373
-3293

-20181

0
I r-356
:L5 l 511

-27616
-39778:

-35051

-27616

-21243
-24323
-35-:5,c _;1

1-I
1175r'
'435

5257
7435

0
743--5

10515
74:3-5

ANGLE
(DEG)

0.00
-35.7:3

45. CIO
45. @0
22.,50

45. 00
45.00

-22. 50
4 . 0i

A-39



I
I
I
I
I
I
I
I
I
I
I
I
I
£
I
£
I
I

FEEDLATER LINE PEHETR.FIT IO

ROSETTE NUMBER 94

P R ES,:;: UR E
PSI G)

12. 00

35.00

55. 00

5`5. 0i

.j.4 ClI 1

C.1.0
8l .1181

ST RAIH.ICR0IH..IH.

M A MX I N : SHEAFR

'STRESSES

I'l A'. Ni I Ni

0
425
I13.

771

13

79-:
I ..

0

4i18
-93-07

-'.7

A
5 4

4962
. 1

417 "1

4: 4
.1

549

-54
477
85n

120
1 - 4 09

-470

,-4 5 l

-445-
127

i'D2l I

-4451

294C

C. 1 141Lb

-11 6

-1 1&75
-24076

SHEARR

0
6r057

hi539 4

5941
5.4,1

r94,

RH OLE
(BEG:

-4 24

-19n 42

.74

-- 1, 2.

-21.21

ROS:3ETTE HUME:ER 95

PR ES S RE
(PSE:I i) iICRPO I H. A. FriAX HIiIH SH-;EA F:

STRESSES
(PSI)

Mri AM:: I ii

0.00
12.00
:35.00
45. 00
55.00

55. C0

35. CI
12 .:F0

0j. LI i

-597

I13

15,
140

13
103:

A

- II

1~
LI

-10 :3:

143
127
14

147
147
164
1:37

A
-113

299A5

446 1

5504
2 7 23

75

ClI
-134

1 I '_-:42
319

10 4

-9.7

-2975~c

SHERR

11.5
137

159S
1525
156i
1 15- 1

1525

152

A¢NGLE
'Th DE C]-'

225040 ... 0 c.

,44
4 5 A

-44.

45=

4 Li

4
44.36

ROS::ETTE NUMBER 96

P RES SES U RE
(PS0IG

ST.RAINS
i i::pi T RI I HE:R

MA 1NIH S HEA R

ST R ESSES
FP I(F'SHI

S HE A R

Ci rig
12.10
:-.'.,. 510
45 0

4 '-5 0

55. O9

5 .1 0II

5 1 L10L '2.0i
55 . .C-

2- t- 4

-169
-196

-411

-1L3 I6iL

i 1'3'-'
-11:3:3
I--10c 00

0
471
471

41
471

10 r54

G. 7

8

94:3
66 ....

A
-1647

-154`515.
-1545151

t.4

2II 1

-27616
-17101
-17101I
-201831

0

1-it-

-'1-'R,!-
- 131
-311

0

1 1751r

7435

10515
10515

74:3:5

A N GLE
* B EU)

0 .0

2'2 5C

24 5.

4`51 00

*':":'•• .

45.8

n Cl

I A-40



I
I
I
I
I
I
I
I

FEEDWATER LINE PENETRATION

ROSETTE NUMBER 9,3

PR ESS U RE
(PSIG)

STRR INF: .'S
rMICROIN.,D I1.

MRX M I N SHEAR

STRESSES
(PSI)

.M ':.::, r' I N SHEAR

0.00
12.00
35.00
45.00
55.00
63.30
55.00
45.00
35.00
12.00
0.00

0
-264

138
138

- 0
138

138
-195

69
-264
-333

0
-736
-805
-,"805
-667-805

-805
-1138

-402
-736

-1000

Ft
471
943
943
667
943
94:3
943
471
471
667

t- I -,

-101

-15455
-3293
-3293
-6373
-3293
-3293

-17101
-1647

-15455
-20181

Ft
-25970
-24323
-24323
-21243
-24323
-2432.3
-3131?
-12162
-25970
-35051

0
5257

10515
10515

7435
10515
10515
10515

5257
5257
743',5

ANGLE
(DE G

-22. 50

0. Sri
-22. 50

22. 50
22. 50

-22.,50
-22. 50

0. III

R:OSETTE NUMBER 99

PR ES S U R E3 ': PSI':::
STRAINS

(<MI CROI1N. I/ ,)
MrIX 11:IN SHEAR

STRESSES
(PSI)

1-11 F1 SHEAR

£
I
I
I
I
I

0.00
12.00
35.00F
45.00
55.00
63.30
55.00
45.00
35.00
12.00
0.00

0
471
138

138
138
138
138
138

412
138
138

0
-471
-805
-8035
-805
-805
-805
-805

-1079

-805
-805

0
943
943
943
943

43

043
943

149 1
943
943

Icl410515

-3293
-3293
-3293
-3293
-3293
-3293

2817
-3293
-3293

-10515

-24323
-24323
-24323
-24323
-24323
-24323

-24323
-24323

0
10515
10515
10515
1•515
10515
10515
10515
16626
10515
10515

ANGLE
(DEG)

o.00
-22. 50
-22.50
-22. 50
-22. 5L
-22.'50
-22. 50
-22.i50

1 .2
-22. 50
-22. 50

ROSETTE NUMBER 100

PRESSURE
(PSIG)

STRRINS
(m I CRO I N. /IN.

MAX rI: 1N SHEAR

STRESSES
(PSI)

Mi: MIN SHEAR

I
I
3
£

0.00
12. 00
35.00
45.00
55. 00
63. 30
55.00
45.00
35 00
12. 00

•.00

Ft
745
694

1000
:360
471
402
745
667

- 4
69

0
-745
-360

-1000
-694
-471

-69
-745
-667
-667
-402

0
1491
1054
2000
1054

943
471

1491
1333

667
471

18660
22305

4852
10515
12162
16626
14870
-637,3
-1647

-4852

-146606
-105:37

-21243
-12162

0

11 75G
22305

1175K
10515

5257
16626
14870
7435
5257

ANGLE
(DEG)

0.00

45. 00
3 5. 71,
22. 50
22. 50
31 .72

45. 00
4.c Fi

2 Li5

A-41



I
I
I
I

FEEDWATEF: LINE PENETRATION

ROS-ETTE NUMBE:ER 101

PRESS URE
(PSIG'

S T R A I H S(ri' i::R nIJ ..... I*.* i :.

I FI ' -,M1 I H SHEA R

STRESSES
(F'S I

MAX M IN SHEAR

£
I
I
I
I

0.00I
12.00
35.00
45.00
55.00
63.:30
55.00
45.00
35. o0
12.00
0.00

0
:160

27
-264

-0
-264-0

-0t

360
360

0
-694

-1027
-73-6
-667- ,.- CCg

--k.,r.,1 '-667
-664
-69"44
-694

0
1054
1054

471
667
471

667
1054
1054
1054

-0

-1545,-, ...

--4,',

485 I2 "

4852

-1 -660
-3-2468:- 2597
-21243_-- 259 7iC

.-.."124:3
-21243
- 18660

-18660

011756;
11756
5257.'
743-5
5257
743.,5

11756
1175G

ANGLE,i E G'::

0.00

3:' 5. 7-:
--.35,. 7" -::

'--2.: 50
45. 0C
2.:2. 50
4 i. 001C
45. 03

:': 5. 7 :::
-- 3' 5- . 7 1:

RO...SETTE NUIM:E'R 102

PR ES S RE
(PS Il)

STRAINS
(MICRF:01 [1.. IH.

M AWe' rN I N . H E A F.

S TRESSES
(PSI)- M

ANGLE
<: D E G ::,

S HE A RF

I
I
I
I
I
I
I
I
I

0.00
12.00.
35.00
45.00
55.00
63.30
55.00
45.00

95.00
12.00
0.00

0
724

.75

1404
667
710
660
630

c1
-667
-697

-667- F " -,

F-35

-717,-

-3.'57
-667
-667

Ft
1391
108'4
1664
17:00
1087
'21!21

10671i :427
1297

0
1668]9
5666

.2"449?.5

12 0- I :--9
37877

14870
19219
14658-
13i -708

0
-14341
- 11::35 0 -.
-12620

-15194
412

-487
-4582

-149:34
-1c52-2-7.

0
15515
12 CO:.- G1 8-55-

14503
12129?

14-70
11900
14796
14467

0. O2
43.

-30:-. 4 0
-44.'27

.45
-:.-:6. 12

45. 00

-44. 8C6
-44. 19

I A-42



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

SPARE PENETRATION

ROSETTE NUMBER 104

PRESSURE
(PSIG)

STRAINS
(MICROIH.."IN./

Ill I H SHEA FR

STRESSES
(PSI)P: 1I .

MiAX SHEAR

0.00
12.00
35.00
45.00
55,00
63.30
55.00
45.00
35.00
12.00

0.00

0
-333
-333

138
69
69
-0

-333
-264
--264
-667

0
-333

-805

-402
-402
-667
-333

-736
-736
-667

0
0
0

94:3
471
471
667

U
471
471

0

1 Cl-13808
-13808

-3293
-1647
-1647
-6373

-13808
- 15455
-15455
-27616

0
-13808
-13:_-:8 C R

-24323
-12162
-12162
-21243
- 13808]H
-25970
-25970
-27616

n

10515
5257
5257
7435

0
5257
5257

0

ANGLE
(DEG)

U. UUi
45. 0
45, CICI

-22. 50
-22. 50

22. 50
45. 00
45. 00

22. 50

4 5. W-1

ROSETTE NUMBER 105

PRESSURE
(PSIG)

ST R A I N!S
(M[I CRO I. N.)

lIIA. .I H SHEA FR

STRESSES
(PSI)MA 'SMI)

ANGLE
(DEG)

SHEAR

0.00
12.00
35.00
45. 00
55.00
63. 30
55.00
45.00
35.00
12.00
0.00

360
-fi
69
-0

360
-264683

:360
333

27

0-694

-667
-402
-667
-694
-736

-1016
-694

-1000
-1027

1054

471
667

1054
-471
1700
1054
1333
1054

cl4t852
-6373

-1647
-6373

4852
-1545512052

4852
106:2i'

-89.56

1-i
-18661
-21243
-12162
-21243
-18660S-259r
-25860
-18660
-28678
-32468

0
11756

7435
,5257

7435
11756
5257

18956
11756
14870
11756

n.0n

4l .i 0i

- 25. 78
45. 00

-22. 50

21.17

45.00
it. 7,

ROFSETTE NUMBER 10.3

PRESSURE
(PSIG)

STRAINS
(MI CRO]I N. UIN.

MX HI N SHEAR

STRESSES
(PSI)

ril:: fIt - SHEAF:

1
t . 0 11-12.00
12.00

45.00
55.00

55.800
45.00
35.00
12.00
0.100

0
41
so
97

117
115
117
122

85
77

75

0
26
5069
95
73
38
65
-A

-52

cl
71
54
47
48
19
43
84
19
:1

127

0
1003
2809
:3564
4402
4566
4420t
4246
3324
2423
1099

-588

1610
2512

4133
3451

2890
614

-932

0
796
599
526

217
485

217

9 '- '-

1416

ANGLE
(DEG'.'

8.00
-13.70

-14.87
-4. 07

-11-.''5

-15 4:-:
-28.7C.

15.4:-::

-40.27
4C

I A-43



I SPARE PEHETRAT ION

I ROSETT E NUMr1BEER 109

I PRESSURE.
(PSIG)

STRAINS
(111 CRI N SzHEFI

STRESSES
MPSI. SEMm" PHIN SHEAF:R

ANGLE
(DE '.)

I
I

12. 00
35.00
45.00-1
55.00
63.30
55.00
45.00
35.00r
12.00

0. 0i

U

87
103
104
111
107
100

9445
39

0
-123

-63

-10

- 129-18'

A

150
157
104

76
97

127
27
63

167

0
-9

2157
2783
3292
3886
3500
293:4
3482

1258

Q

-1110
-712

982

2190
.1333

104
2899
-153

- 373i 1

0
17:--6
1673
1748
115

848
1034

1415
307
705

1E'67

A 0
4!-: j

-44 36
-44 39
-42 24
-37. 37
-42. 05
-43. 49;

" 7,. 98

.8 67'f

I
I

ROSETTE NUMEBER 110

I
PRESSURE

(PSIG)I
STRA INS::

(M1I CRO I N. / HE
ri : Il I . SHEAR

STRESSES3
(PSI:

W PH N SHEAR

ANGLE
(DEG.,

I
I

2.00
35.00

45.00
55. 00
63.30
55. 00
45.00
35.00
12.00
0006

0
-50

C-37
57

131
70I
29

196
21

-43

0
-240
-100

-84
-7
2413

-52
74

-54
-29'0

A
191

97

63
99
58
-.I

122
75

247

0
-3879
-1056

-567
1743
4557
2368

417
6956

141
-4149

A
-8134
-3224
-2609

2347
1084

- 1 :3',:3
4228

-1522- 96F5 9

0
2127
!084
1021

707
1105
642

1364
831

2755

4 2 Q4"
33.92
28.44

1.51
-23. 8 C
-5. 00
25.85

39.85
43.4 5I

I ROSETTE NUMBER I:Ii

I PRESSURE
(PSIG)

STRAlINS
riICRO IN. .UI

rIN SHEAR

STRESSES :
(PSI)

MA•X MIN

ANG;LE
(DEG)

I MAX SHERAF

I
I

A.0A
12.00
35.O00
45.00
55. 00
63.30
55.00
45.00
35.00
12. 00
0.00

A
-1r

4 C

93
155

95
44

134

-:2

0
-130

2
-0
27
41
28

2
46

-43-230

0
1141

25
41
66

114.
67
42
89
70

227-

A
-1767

904
1281

5345
330•7
1437

4720
4:36

-2:301

0
-4308

376
1749
28-"02
18-_02

496
2 -(:--: 6

-1127
-7365

A
1271
283
452
736

1272
713

92
82

2132

34.72
11 60

C4 7
-"-'2. • 50
-37.37

-23.55

._.', 5 F
-4:3'. 64

43..2I
I A-44



3
3
I
I
I
I
I

SPARE PENETRATION

ROSETTE NUMBER 112

F'RESS::URE
(F.S.IG)

STRAINS
(MIIROIN. 'IN.ý

MA::.:: NI S.H EA R

ST RE .. E S :
(P'S I.:,

r- A ::I i N SHEAR

0. 00
12 . 00
3.:5. 00
45.00
55.O00
63.:30
55. 00
45.00
:35. 0 0
12.000 .0i

0

45
91

1 :W-
1:34

44
-36

0
-114

-18:-
-15

-5
5

-4
-1427

-10
-107

81

20
147.
210
54
71

0
- 21:3:9

1254
2769
7 ' 44

4122

1290

-2173

n

-149
4065

1652
2507
1754

84"
:--310 9
.- 91

-3 764

0

701

11 :: 1
2145
2671
2250

1642
2:345

5 '?'?
796

ANGLE
D E-EG.,

0. 00

-2 9.00
-1-:12. 9-?3

-40.56n

-41. 20
-42 .4

430. i:_.4

-26.38-:C

ROSETTE ULIMBER 11:3

I
U
I
I
I

PRESSURE
( F.S I :

ST R A I NS
(MICROIN. IN.::,

MA X N I N SHE ARF

STRESSI':F' S1 I :
N' A,. :.... ril I N

0.00
12.00
35,00
45. 00
55. 00
63. ::0
55.00

35.00
12.00
0.00

0
67

169

25:3
264
281
275

169
91
53

0
-113
-11.3- 1,0-
-140

-97
-65
-92

-109
14

-61
-1i40

0

"94

3: 1
346
:367
:3 4i:':-

154
15:'--
193

0
1042
4'94

6737
747"6
C'.-'. 4 I

657'?
55 1'?

:362'

0

-10::: 52-t :45:.2:c

-- 1497

-572

-294
-1 194

2075

-:395:3

SHEAR

:':200..,:"'?

4024

:' :8:59
4092

17 2,'
1706
2.-•'157

ANGLE
(D E G)

0.00

-4:3. 94
-:39.6 15

- -6.95
-::4.56

.-3 . 2:-i:

-- 2.-L,. 6 7

44.01

IUROSETTE NUMBER 114

I
I
I
I
U
S

F' PR E SS IRE
(PSI G)

STRAINS
(MI CRO: .IN. / IH

MAX I IH SHEAR

STRE-:SSES
(PSI)

MAX Mi I N SHEAF:

0.00
12.00
35.00
45.00
55.00
6e:s. :30.
55.00
45.00
35.00
12'. 00
0.00

0
79.

1941217

216

127
51
1 G

A
-146

-94
-47
-18
-43
-72

-54
-163

n225

264

25:3

255
7 8

105
179?

1127
4066
5274
6464
73066:366

5122
4579
1098:'

- 103-6

0

-1167
-1132

1670
676-56

-- .j I a,

3016

-12':36
- 540

A
2513

2617
3:20:3
2943:-

2:845

1167
2002

ANGLE
< BEG)

-3'?.01
-33.372

-34 1A
- :31. K."
-29.?52

---32.22
1,36

-26. 3 ::' ::
-:34. 10

A-45



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

SPARE PENETRATION

ROSETTE NUMBER 115

PRESSURE(PSI G):

12.00
35.00
45.00

35.00
12.00r
0n.0

STR I INS
H ICRO IN. IN.

SFA ::-M I N '.-.'HE A R

STRESSES
('PSF'

tA: HMIN

0

91

164
210

18:3
140
147

41.
-9

0
-47

6

3 c
33

31
2F
(b-
26

-34

505 l
85
I10

134
17:
152
12 C

71
15
25

cii

-339
2950
2854
5501
7022
6117
4654
5421
1547
-614

n
-1456

1054

1393
2508
3058
27.20
1974
38?0
1.2 15

-1181

SHEAR

0

948

1231
1496
1982

1340
796
166,
283

ANGLE
'(DEG)

0.00
-43.09
-32.22
-32."'' 49
-31.72
-33. 40
-3"'_,.. 40
- 35. 28
-26. 30
-. :1. 72

11. 60

ROSETTE NUMBER 116

PRESSURE
(PSIG:'

STRAINS
(MI CRO I N./ I N.

1 TI H SAHERA F

STRESSES
(:PSI)

SA F'S I SHEAR
r'1A:: ---l-IN - SHEAF:

0.00
12.00
35.00
45.0.0
55.00
63. 3 _
55.00
45.00
35.00
12.00
0.00

cl

7

72
96

145

147
III
170
43
11-3

* 0
-117

-35
-46-8

-4
-28

43
-20-157

Fl
125
1 Li
141
153
176
151
139

6--,
17 C

0
-886
1959
2614
4533
5967
4 659
3279
5839
1191

-1075

n
cIl-3670

-441
-542

1128

12 79
173

2998
-224

-4862

1392
1200
1578
1703
1963
1 c4CD-

1553
1420

707
1893

FRNGLE
(DEG)

17.06

-Q,'. 09-7.51

-180 6
-26.: 35
-19'8
-10.52
-42. 00

1.51
"2",3.. 30

ROSETTE NUMBER 117

PRESSURE
(PSIG)

0. 00
12.00
35.00
45.00
55.00
63. 30
55.00
45.00
:35.00
12.00

0.90

STRAIINS
(M I CRO I N. /I i.

tflX A AIN SHEiRA

STRESSES
(,:.PSFI

mimA MIN

0
17

120
157
198
245
223

204
207
114

6 0

0
-67
-16
-27

2

-10
-37

30
-48 :

-120

A
85

136
184

19G
234

.241
177
162
19?

0
-88

3654
4743
6329
7926
7016
6139
6873
2190

Lil59

0
-1983

627
642

1956
2706
1822

765
2911
-428

--32,15

SHEAR

948:'

1514
2050
2187

2597
2687
1971
I1R09
2'02

HNGLE
(DEG),

0.00

-24. 09

-3:3.8,

-39.67,
-38. W38
-3-7. 79

44 -r
-40. 27
-27 47

I A-46



I
I
I
I
I
I
I
I
I
I
I
£
I
I
I
I
I
I

LINER GAGES

ROSETTE NUMBER 70

PRESSURE
(PSIG)

STRAINS
(M I CROI N. /I N

MAX A M I N SHEAF:

STRESSES
(PSI)

H A MIN S'HEAR

0.00I
12.00
35.00
45.00
55.00
63.30
55.00
45.00
35.00
12.00
0.00

0
-26

-10

30
52
30

7
8-'9

-31
-89

0
-141

-74

-97-7
28

-70
37

-65
-174

A
11[5

64
:85
37
24
53
77
52
:34
85

-2169
-1011

-916
894

1925
733

-456
3204.

-1619
-45016

0
-47K

-2441
-2812

73
13:--:9'

-457
-2168

2043
--2385

-6402

0
715
91

411
2 G.
595
8'56

3839 C8

ANGLE
( E G)

0. 00
-5. 00-4. 49
-5.65
-2. 60

-1.24
-19. 90
14.53-,

-12.78

ROSETTE NUMBER 71

PRESSURE
(PSIGC,'

00
12.00
35.00
45.00
55.00
63.30
55.00
45.00
35.00
12.00
0.00

STRA MIS
(MiCROIN.I N,

MAX W- l MIN SHEAF:

STRESSES
(PSI)

MAx N I N ;HEAR

ANGLE
(DEG)

0
405
777
386
166
249
296

415
363
496
530

0
-75

-77

-429
-836

-- 1226

-2018
-1616
-2799
-3190

0
481
854
396
594

1084
1523
24:2
1980
3295

3720

I-i
12198
24026
I::221

1175
,55

-2280
-60180
-3877

-10954-13618

1472
4971
3383

1 2U01 4
-24247

-36244
-60337
-48042
-84460
-'?65',-:, I

B
5363
9528
441V9

12096
1698:'2
27129
22112
36753
41487

21 U,:;

-. ds•. 78

-2:1: .48

"23. 25

- 22. '"-8..
-22. 03
-22. 03

ROSETTE NUMBER 72"

PRESSURE
(PSIG)

STR A IN-S
(MI CRO IN. ./ IN.

MAX MII SHEAR

STRESSES
(PSAI

MAC.. M IN !S.H E AR

0.00
12.00
35.00
45.00
55.00
63.30
55.00
45.00
35. 00
12.00
0.00

0
-4
35
56

102

88
57
83C-5

1is
Q

0
-49

1
7

35
39

22

44
:-

-52

0
45
34
49

78
57

39
25
47

0
t-60

1142
1861
3583

4120
:121

20z29
:3057

490
-645

0

377
763

2078
2:-:70
1850
1285
2190

-76
-1702

ci4 99

•-, 0C.,,_ _549
75:3:
:-:75
635
:272

434
5283

ANGLE'
(DEG)

0.E CI

-:30.47
-30.85

-16 45
-6 13

-10. 28,--
-26.57

15. Q:
11 60
196 .4

I A-47



I
I
I
I

LINHER GAGES

ROSETTE NUMBER 7:-:

F' _,.,, E L E
( F' S3 I r

ST RA I N'S
,MI CRO I H. " 1 .,

Hl1-I -:HE AR

STRESSES
(PS IE.

.NH SHEAF-- - - - UN ---------SH EA

ANGLE
C 1]E Q)::

I
I
I
I

0.00
12.00.
35.100
45. 00
55.00
6:3.30
55.00
45.00
35.00
12.00
0.00

A

1n41 C14:
1:9
19

170
134
95
69

0
-G2

0
48
53
46
40
96
12

-52

0100

112'
136
131
144
137
13:0

8'2
120

0

6:315
4:3444
6156
6787
62'92
58_A04
518 8:-
3129
1689

0
- 1 5"D 7

'1:1I :' -',

4244
2895
4340
1290
- 998

1114
1250

1514
1461
16019
1528
14.54

424
920

1343

.0 o
-12. '5

-12. :'-', 4

9i. 242

-16.2

37. :--.

- 7. 7.

ROSETTE NLUEMBER 74

I
I
U
I
U
I
I
I
I
I
I

PRESSURE
(::PS I G

STRAINS.
(M I C R iI1IH. -,"I' t. )

MlA N :: I H ':H E AF

STRESSES
( [' S I SEM AX> M INi SH E AR

0. IO
12.00
:35 .090
45. 00
55. 00
63.3.0S
55.00
45. 00
35.00
12. 00

0. 00

0
47

10:3
145
197
218

201
196
185

94
65

0
-14

-il
,-4

8 9
6_.3
44

--I
-118

131113,
1 '37
127
129
13
152

47
95

18 :'

1.97

4707
C. '944
7795
6-99:--
6670

29. 9-
937

0
1

41w:IC45

4 1' 4l.:

4908,-"
'39-.:.15

6169

-3146

0
14G2
1264

1420
1444

169'?9

1065
2042

ANGLE
C DEG)

0.00
-41.:315

- 0 '96
-30.4.7
-21.44
-17.25
-- 26.4:3-:-33. 40

19.6•_43-8. '95

-9.75

ROSETTE NUMBER 75

PFRESSUIRE

0.00
12. 00
,"5 . 0C-

4 5.00
55.00
63. 3:.::0
55. 00
45.f00
35.00•
12.00sZ
0.Oni

STRA INS
(MI CF:.IN. I H.

PA X N I N S H E A R

STRF:E ESSES
(FPSI )

MA [ MI - SHEAF:

0 0 00'
-59
-5It-':

-5'9
-g4
20
37
44

1 ::6
104

6.7

0

- 17

-200
-2:33
-284
-3 1'
-271-'2:-

0

12 0
128,
209?
221
270

504

27 0

-2152
-1264-1062
- 1716

2864
7213i:3: 1

- OF 69
-6245
- C '. 5, ::9

-6 192
-7085
-8,"62:6

- 76L-:'-'2
-- ,.8_42.

424
14:-:0

2464
3011
36e-55
5626
4 1 C.a-C

ANGLE(':DEG)>

0.0
2 6 06G

4.0. 51

42.- 4 C
44.65
42.67
41. LI

42 40

411 2"
-44. 65
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I ROI:EETTE NUMBER 134

I FPF:ES S SURE
FPS I G

ST R A I HS
( I Ii::ROI H. IS H.

MA:.: ['IIN SHEAR

ST R: ES SES
(PSI)

MI H

A HEG L E
ý'.f Ell

r- A: SHEAR

I
I

0.00
12. OC
35. 0045.00
55.00
e:-s. 30j

55. 00
45.00

:35. C0
12. O0
0. 00

0 0 0 0
24

119
16:3

241
291

25

147
29

4

-24-,'--'4'

_ 11
-8,

--55
-47
-21

49
LI 1

125 5

257
19 4
25 C

541

0 5 0 9450?

6:44
399 1:7258
508

423:3
6 :4
-68'

-541
14'7

-11
4C4

-114

16.
-94 C

5 16.i

0 0
541

2246
2:250
30C8
4256~

2 : C70
2161

615

0.:3

-7 44
- ,15

- ,15

-'1.72

-11 60

I
I
I ROSETTE NUHelER 142

I
P RE ' SS U P. E

(PSIG)1
ST RA IS

(1I:C:FROCi IN. .' I I.
rAiFX MI N SHEAR

ST F: ES: SES
r :A> PS I

Ill R t1I H

RAGLE
(DE

SHE A R

I
I

12.00:35.00
45.00
55.00
6:3.30
55.00
45.00

35.00
12. 00
01. 00

A

11

1722

3'61

* ce

305

17

0
-64

-72--

-91
.-C5

-2-2'.-

-44

A
7-5

24
-452

49
24-'

37
105

61

A
-273

4 799

452
6155
9 1:34

1:3

193I
-7 7

94 6
G-7-1 0

A

2258:-

422

LI -1 4Li
5040

4094

117G
685

-1

-2 1"Li-37 o ...

*3 Li

- L Li-'_,. 5

I
I

ROSETTE NUMBER 1F I:

I P RF:ES SU LRE
(PSIG)

ST RA I 1SSTRIHS(MI CRFO IN..- IN.
. I MIH N SHHEAFR

ST R ES SES(PSI)

MA: M. I N SHEAFAR

ANGLE
DEEG)

I MAX

I
£
I

0.00

12. 00
35.00
45.00

63. 30
55. 00
45.00

12.00
0 . 00

0

161
214
241
280
20 C. -

205

127
213

A
18
976

i19
1521

1 7
65

70
43

0

'95

114

2 53
120

57
170

n
2 89:
6n47

-491

c1 R R- -

90
4706
7215

A
1
4 5

7125

46'

$41 17

0
75

106

134:3
I'.33* .-

1899;

O008
-h4ý

1 3

40 73
7.21

-1.632.

3 A-49
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ROS;ETTE NUMBER 146

PREESSUIRE
(FSIG,

0.00
12.00
:35.00n
45.00
55.00
6:3. :",0
55.00
45.00
35.00
12.00

0I. ocl

ST R A I N.'-;
(MI[ I CROW I. I N.

M /, I N '.; SHEAFR:

STRESSES
QW)
' i. N-r1 A

42

197

3-74
:306
210'

54
71

-42

3:136
151
67
:34
49

-71

0

13:
163

1 :3:,92 ''551
143:'

5
141

fl

5223

658"6

122 7¢0
10(2:31

? 329'
868'"8''
2 19:--:
1577

-9:7.-: 2
2 2:.-,:4
2942

3928
4 7/14
4544:!
4111

- 15,77

SHEAF

93

1494

1822976

2843 "

159?
254.4

5 --s
1577-

ANGLE(I' El:> "

CL. LIcl

-2 14.

44 42

-4 4 .43

2 2..5SID
-2:2. 50

ROSETTE NUIBER 151

PFRE SSI.RE
(PSIG:)

STFR I1 NS
,Wii ::i I N . I H. :,

I'1 ::1 !i N S H E F R

S'TRESSES
( PSI)

r' 11.M A ::.:: :: HE R R

0.A i
12.00
35.00
45.00
55.00
63. :'0
55. 00
45.00

12.f00
0.l l

0
86

137
1-2
21:

2341240
260
197
18 9
191

0
-13

115
170
209
186
143
140

77
19

n

55i

43

107
17:3

0
2617
5170

8424
.466

9660
7615
6577
6275

0
421

3944

7455

,4190:
2424

A
-'-1

71:

1 L:i E
642

1192
1925

ANGLE
(El[ E c :

- '-4,-'_

:4 L-:

-414

4 104 . I
-41". 441.

40. 00O

ROCSETTE NUMBER 15.5

F'RE S SURE
(FRI;)

STRA I NIS
(M M I ClR:01 .I N. : L

Mr A.X r1 I H ; EA R

ST R E S SE S
(PSI:'

rA ?' NI :

12. 00
35. 00
45. 00
55. 00
6:3.- 30
55. 00
45.00
3?5.00
12.00C
0.00

391

3'14

274
264
218

9,$
5I

A
-347
-1 84
-141

-64
49)
62
:':2

45
,.I

738C

523 "

261

212

20:-
24
43

9.1:32

9314
108-01
11 i205
10474

87, " 31
7019

1796

0

11

4607
14 1 h ::

2: 1 i,826 ,7

SHEAF.!

• ,-h .11,•5931

5h304:3'53
2944
23-66

2:24
2 6 -7
4:-:: 5"

ANGLEn: E':7 ::

0.00
-43:. 06
42.66
42.07

42 .- 3;--.

4 2 .47'
4 ¢1 . 0"41.2

-41.3
, -D . 15

2 . 21:
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ROSETTE NUMBEER ..159

P ,"lRE.S,-UR FE(F' RE.S ; I G E., STRAINS:
'2 I CF.:O I. ., -i.

,:AX i Ni1 SHEAR

STRE S SE.S
(PSI:)

M A [1 I N

0.00
12. 001
:45. 00
45.01-

55. 00
6:3. 3:0

45.00
35. 0.0r

12.00
0l.00

0
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1:3
2 2:':-,
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127
151

0
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-64

0
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F' R E U R E
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'2 I ti11CR' IN.. I U.
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ST R ELSE SSE
(P FS I

['1M ['l I N S H EAR
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12. 00
35.00
45.00
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55.00
45.00
35.00
12.00
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0
:34 08
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1164

10051
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0
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- 1804
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-1676
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0
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1515
148'9

F'
104.222
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19841

1.40171
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TABLE 23

VERTICAL DISPLACENENTS (IN.)

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00
D.TE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3
'I114E 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

----------------------------------------------------------------------------------------------------------------------

GAGE E LEV .

AZIMUTH 90

28V
128V
164V

34V

270-8
267-6
4111 SP RNG
DOME APEX

0. 000
0. 000
0.000
0.000

0.023
0.044
0.103
0.116

0.097
0.167
0.374
0.376

0. 118
0.215
0.492
0.499

0.168
0 .278
0.632
0.635

0. 171
0.297
0.745
0.750

0.163
0.276
0.677
0.665

0 .158
0.249
0.567
0.557

0.129
0.205
0.458
0.448

0.061
0.093
0.199
0.190

0.026
0.040
0.073
0.058

AZIVUTH 200

29V
129V
16 5V

34V

270-8
267-6
4TH SP RNG
DOME APEX

0.000
0.000
0.000
0.000

0.025
0.045
0.093
0. 116

0.095
0.151
0.354
0.376

0.133
0.210
0.472
0.499

0 .180
0.272
0.605
0.635

0. 196
0.316
0.715
0.750

0. 186
0. 294
0.666
0.665

0.169
0.257
0.559
0.557

0.130
0.206
0.451
0.448

0.047
0.084
0.200
0.190

0.014
0.027
0.079
0.058

AZIMUTH 333-55

30V
130V
166V

34V

270-8
267-6
4T11 SP RNG
DOME APEX

0.000
0.000
U .000
0.000

0.029
0.044
0.081
0.116

0.096
0.157
0.359
0.376

0.127
0.210
0.481
0.499

0.166
0.266
0.620
0.635

0.192
0.308
0.731
0.750

0.182
0.289
0.672
0.665

0.159
0.249
0.559
0.557

0.128
0.201
0.473
0.448

0.056
0.090
0.212
0.190

0.020
0.035
0.087
0.058

* VERTICAL DISPLACEMENTS ARE FROM BASE SLAB
ELEV. 93-0 TO ELEV. SDJOWN
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TABLE 24

CYLINDER WALL RADIAL DISPLACEMENTS (IN.)

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE ELEV.

AZIMUTH 90

1
4
7

LO
13
16
19
22
25

126

98-0
108-0
140-0
172-0
204-0
236-0
246-0
253-0
267-0
270-8

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.003
0.01 5
0.026
0.024
0.002

-0.001
-0.001
-0.002
-0.020
-0.034

0.019
0.069
0.110
0.064

0.028
0.003

-0.039
-0.044
-0.079
-0.088

0.024
0.0C9
0.139
0 092
0.048
0.016

-0.045
-0.051
-0.089
-0.101

0.028
0.109
0.159
0.136
0.077
0.042

-. 0. 059
-0.064
-0. i11
-0.121

0.031
0. 124
0.175
0.171
0.087
0.062

-0.049
-0.053
-0. 114
-0.120

0.030
0.115
0.163
0.171
0.066
0.064

-0.047
-0.051
-0.107
-0.099

0.026
0.096
0. 132
0.165
0.000

0.064
-0.046
-0.050
-0.101
-0.077

0.022
0.079
0.107
0.139
0.062
0.044

-0.043
-0.046
-0.076
-0.072

0.012
0.036
0.043
0. 068
0.005

-0.001
-0.022
-0.029
-0.052
-0.057

0.007
0.014
0. 007
0.035

-0.022
-0.026
-0. 013
-0.028
-0.038
-0.047

I1

AZIMUTH 200

2
5
8
11
14
17
20
23
26

129

98-0
108-0
140-0
172-0
204-0
236-0
246-0
253-0
267-0
270-8

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.015
0.039
0.034
0.014
0.022

-0.010
-0,007
-0.024
0.003

0.017
0.067
0. 128
0.102
0.054
0.044

-0.021
-0.025
-0.052
-0.001

0.024
0.084
0.173
0.155
0.099
0.075

-0. 002
-0.012
-0 .064
-0.003

0.031
0.097
0.210
0. 1i4
0.11f
0.094
0.611
0.000

-0.076
-0.002

0.038
0.1.06
0. 244
0.205
0. 13L
0.114
0. 026
0. 011

-0.071
-0.004

0.038
0.103
0.237
0.186
0.136
0.097
0.027
0.012

-0.062
0 .015'.

0.038
0.092
0.206
0.178
0.130
0.091
0.028
0.014

-0.046
0.010

0.038
0.082
0.168
0.138
0.097
0.066
0.038
0.019

-0.008
0.021

0.031
0.039
0.080
0.053
0.028
0.013
0.024
0.006
0.048
0.026

0.024
0.013
0.035
0.015

-0.001
-0.008
0.010
0.003
0.053
0.027

AZIMbUTIH 333-55

3
.6
9

12
15
18
21
24
27

13 C0

98-0
108-0
140-0
172-0
204-0
236-0
246-0
253-0
26 7-0
2 70-U

0.000
0.000
0.000
0.000
o.0oo
0.000
0.0 00
0.000
0.000
0.000

0.002
0. 016
0.037
0.034
0.000

-0.008
-0.010
-0.011
-0.028
0.000

0.018
0.052
0.113
0 . 098
0.044
0.026

-0.007
-0.032
-0.077
-0.014

0.024
0,069
0 .147
0.131
0.074
0 .054
0.005

-0 .029
-0.078
-0.011

0.031
0 .085
0.183
0. 171
0.104
0.076
0.024

-0.016
-0.075
-0.0(02

0.036
0.098
0.21.1
0.195
0.127
0.076
0.039

-0.007
-0. 001
-0.007

0.036
0.092
0.194
0.179
0.127
0.078
0.042

-0.004
- G. 671
-0.002

0.036
0.080
0.166
0.164
0.127
0.002
0.047
0.001

-0.049
0.007

0.032
0.065
0. 134
0.134
0.101
0.090
0.055
0.011

-0.019
0.005

0.020
0.028
0.056
0.059
0.038
0.045
0.026
0.011
0.019
0.u02

0.015
0.008
0.015
0.020
0.008
0.023
0.017
0.008
0.029
0.000
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TADLE 25

EQUIPM4ENT HATCli VEIPTICAL DISPLACEMENTS (IN.)

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.00

DATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

TIME 8.19 18.02 4.04 11.40 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE AZ. ELEV.

48V
4 7V
46V
45V
44V

150
150
150
150
150

163-0
159-0
155-0
151-0
147-0

t
all

43V 150 144-0
35V 160 132-0
36V 150 120-0
42V 139 132-0

41V 137 132-0
40V 134 132-0
39V 131 132-0
38V 126 132-0

0.000
0.000
0.000
0. 000
0.000

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000

-0.002
-0.003
0.000

-0.003
-0.004

-0.003
0.001

-0.003
0.000

0.000
0.001
0.001

-0.001

0.048
0.065
0.065
0.041
0.055

0.038
0.026
0.020
0.024

0.026
0.028
0.025
0.021

0..054
0.075
0.073
0.044
0.059

'0.040
0.030
0.023
0.023

0.030
0.033
0.029
0.024

0.061
0.085
0.084
0.050
0.066

0.047
0.035
0.026
0. 032

0.034
0.038
0.033
0.028

0.051
0.067
0.065
0.C38
0.051

0.035
0.036
0.024
0.032

0.033
0.038
0.035
0.027

0.051
0.067
0.067
0.041
0.054

0.037
0.035
0.026
0.032

0.033
0.037
0.035
0.027

0.057
0.073
0.071
0.045
0.061

0.041
0.034
0.026
0.032

0.033
0.036
0.035
0.027

0.054
0.069
0 .072
0 .044
0.060

0.040
0.030
0.025
0.032

0.030
0.033
0.032
0.026

0.036
0.042
0.049
0.028
0.041

0 .028
0.016
0.013
0.032

0.019
0.019
0.020
0.016

0.023
0.027
0.033
0.017
0.028

0.021
0.010
0.007
0.026

0.013
0.013
0.015
0.011
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TAU LE 26

EQUIFPNENT IIA'CII RADIAL DISPLACMEN'TS (IN.)

PRESSURE(PSIG) 0.00 12.00 35.00 45.00 55.00 63.30 55.00 45.00 35.00 12.00 0.Co

CATE 10/31 10/31 11/1 11/1 11/1 11/2 11/2 11/2 11/2 11/3 11/3

TIME 8.19 18.02 4.04 11.48 19.11 2.41 9.25 14.39 19.58 6.00 12.08

GAGE AZ. ELEV.

35 160 132-0 0.000 0.022 0.057 0.071 0.097 0.110 0.096 0.004 0.071 0.037 0.019

36 150 120-0 0.000 0.010 0.041 0.050 0.065 0.069 0.061 0.055 0.050 0.029 0.019

42 139 132-0 0.000 0.022 0.059 0.068 0.094 0.108 0.091 0.074 0.062 0.033 0.014

43 150 144-0 0.000 0.008 0.026 (C.028 0.044 0.049 0.044 0.039 0.034 0.012 0.003

42 139 132-0 0.000 0.022 0.059 0.068 0.094 0.108 0.091 0.074 0.062 0.033 0.014

41 137 132-0 0.000 0.020 0.062 0.072 0.097 0.109 0.095 0.078 0.066 0.033 0.015

40 134 132-0 0.000 0.025 0.079 0.095 0.128 0.145 0.134 0.1)3 0O.097 0.055 0.031

39 131 132-0 0.000 0.032 0.089 0.108 0.139 0.157 0.142 0.120 0.103 0.053 0.024

38 126 132-0 0.000 0.038 0.110 0.138 0.182 0.208 0.189 0.159 0.136 0.06e 0.030

43 150 144-0 0.000. 0.008 0.026 0.028 0.044 0.049 0.044 0.039 0.034 0.012 0.003

44 150 147-0 0.000 0.0G9 0.025 0.026 0.043 0.047 0.047 0.044 0.038 0.018 0.c09

45 150 151-0 0.000 0.015 0.032 0.035 0.054 0.057 -0.052 0.050 0.043 0.020 0.009

46 150 155-0 0.000 0.018 0.044 0.048 0.070 0.071 0.060 0.058 0.052- 0.022 -0.005

47 150 159-0 0.000 0.017 0.041 0.047 0.073 0.077 0.073 0.070 0.060 0.028 0.013

48 150 163-0 0.000 0.025 0.052 0.061 0.094 0.101 0.066 0.081 0.069 0.02U 0.010
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DATA SHEET 3 PG. I OF 5 DATE : 10 / 31 / 76

EQUIPMENT HATCH MERItIONAL STRAINS

PRESSURE 20. Pcl FSIG TIME : 22. 1,2

I CHANNEL GAGE STRAIN

0 351 5. 3844E+01
481 3511* 1.7948E+01
482 36M 5. 1280E+00
483 3611I* -5.12'8OE+00
484 42M 11.2807E+014
485 42M* 1. 282tE+01U 486 42M 5. 128e--E+0.
487 4:-121 1.53-'4E+O1

486 43M1 5. 1260E+004....3 * .-,; ,3:, 4 E + 0 1I8 74 :-1Ii* I "5 3' " E-'
4,, 44M -1. 0256E+E41
489 44-1* -1. 5:"::- :4 +O1E 490 4511 2. 5050E+04
491 4 511 -7.G2-0E+00
492 46M I.2---2E+01
493 4611* -7. 5920E+00
494 47 I.7C51E+0-:'
495 47t'1* 7. 6920E+00
496 48M 2.5-40E+01I47 4811* -1.7948E+01

484 42M 1. 2807E+04
485 421l* .1. 282,0E+01
498 4111 2. 2076E+CIl
499 41 1* 77. 7 7E 4- +05 "
5 0 0 40M -8.9740E+01
501 4tM* -:3. E.46E+01
502 3911 -7.94_'-4E+01
503 39 11* 3.5896E+01
504 38M -9.2304E+O1'505 38M1* -3. 5896E+01
506 3711 -3.8460E+01
507 3711* -4.6152E+01

IIEI,

I S- ,I GlE

3- ----- ----



I.
3 DATA SHEET 3 PG. 2 OF 5 DATE :1 /31 / 76

EQUIPMENT HATCH HOOP STRAINSI --

PRESSURE 20.00 PSIG TIME : 22.12

CHANNEL GAGE STAR IN

508 35H -7.9484E+03
509 35H* -1.5384E+01
510 36H 7.4356E+03U 511 36H* 5.1280E+01
512 42H 1.28"2E I0l
513 42H* 2.5640E+01
514 43H ?.9484E+01
515 43H* 2.0512E+01

I514 43H 7.9484E+01
515 43H* 2.0512E+0I
516 44H -4.3588E+01
517 44H* -2.5640E+00
518 45H -6. 7177E+02
519 4EH.H -2.8204E+@1
520 46H -1.2820E+01
521 46H* -3.0768E+01
522 47H 5.1280E+00
523 471H* 2.5640E+00
524 48H -2.3076E+O1
525 48H* 4.1024E+01

512 42H 1.2820E +001
513 42H* 2.5640E+01
526 41H 1.207E+02
527 41H* -5. 1200E+00
528 40H -2.0512E+01
529 - 40H* -2.3076E+01
53I 39H 2.5640E+01
531 39H* -5.8972E+O1J32 38H 1.4412E+04
533 38H* 8.9740E+01
534 37H -1.6922E+02
535 S7H* 2.8460E+02I

I.
I

5SIGNED

I E-2



aU
3 DATA SHEET 3 PG. 3 OF 5 DRTE :10 31 /76

PENETRATIOHN STRAINS MAIN STEAM LINE

PRESSURE 20.00 PSIG TIr:E.: 22.12

CHANNEL GAGE STRAIN

56 0 76H -1.0332E+02561 76D -1.2665E+02.
562 76M -7.9992E+01
563 77H 5.6661E+01
564 77D 4.3329E+01
565 771 -5.9994E+01
566 78H -2.3331E+01
567 781 -9,9990E+00
568 78M1 -6.6660E+00
569 79H 7.3326E+01
570 79D 9.9990E+O-2
571 79H 4.6662E+01
572 80H -4.6662E+01
5 7S3 80D -1.2232E+01
574 'S8H 2.3331E+01575 81H -2,6664E+01
576 SiP -.- 3,33E+00
57.7 1l 1.9998E+01
5 7 82H 1.9990E+01579 82D ,33E9I580 82M O.OO08E+00
581 831 -'3.3?23E4-2
582 83D -3.3330E+02i 583 SSM -6.6660E+02584 84H -6.6660E+02
585 84D -6.6660E+02586 84M 3. 3330E+02
587 85H -3,3ZSOE+02I568 851 -333302+02
589 851 0.0000E+00I590 86H -6.6660E+02
591 86D -3.3 3330E+02
592 86bM -3.3330E+02
593 87H 0 . OOOE+00
594 87D 0.0000E+00
595 87N -6.66 +82+02596 88H -3.,*330E+02i597 88, 0.000E+00
5 98 s8m 0. 0000E+00
5 99 89H -3. 3330E+0*
600 891' -6.6660E+023 601 89M 0.6000E+00

I SIGiED

3. E-3



I.
3 DATA SHEET 3 PG. 4 OF 5 DATE : 10 / :31 / 76

PENETRFITION STRAINS FEEDWRTER LINE

PRESSURE 20.00 PSIG TIME : 22.12

CHKNNEL GAGE STRA I N

S 02 90H -6.6660E+02
603 90D -6.6660E+02
604 90M 3.13330E+02i65 91H O.IOE+00
606 91D 0. 8000E+00
607 9111 -9. 9990E+02
E. £08 92H -3. 330E+6260 92D -6.,6660E+K2609 91

610 9211 -6. 6660E+02
611 93H 0, E+C9
6112 93D 9.3,324E+03
613 9311 0. OtOOE+O0614 9411
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