' January 12, 1990

Docket Nos, 50.348
and 50-364

Mr, W. G, Hairston, 111
Senfor Vice President
Alabame Power Conpang

40 Inverness Center Parkway
Post Office Box 129%
Birmingham, Alabama 35201

Dear Mr, Hairston:

SUBJECT: AUDIT OF ACTIONS RELATING TO NRC BULLETIN 38-09, “THIMBLE
TUBE THINNING IN WESTINGHOUSE REACTORS," FOR JOSEPH M, FARLEY
NUCLEAR PLANT, UNITS 1 AND 2, (TAC NOS. 72659 AND 72660)

By Tetter dated April 17, 1989, we advised you of completion of our review of
your November 2, 1988 response to the subject bulletin, As a followup action,
we conducted a site audit on the issue of incore thimble tube wear on November
14 and 15, 989, We appreciate your staff assistance during that audit,

A copy of the audit trip report is enclosed for your informetion., The sudit
toncludes that the inspection program is responsive to the Bulletin requirements,
uses acceptable inspection methods with technically justifiable acceptance
criteria, and you have a schedule for conducting inspections every refueling
outage. These interim actions are acceptable., 1In addition, your participation

with the Westinghouse Owners Group working toward the final resolution of the
issue 1s noteworthy,

Sincerely,

/s

Edward A, Reeves, Senior Project Manager
Project Directorate 11-1

Division of Reactor Projects 1/11

0ffice of Nuclear Reactor Regulation
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As stated
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ENCLOSURE

AURIT TRIP REPORT
PURPCSE: Auciit of Joseph M. Farley Units 1 & 2 on Bulletin
88-09 Issues (BMI Thimble Tube Wear)
LOCATION: Joseph M. Farley Nuclear Plant, Dothan, Ala.
DATE: November 14-15, 1989
NRC
PERSONNEL: §.N. Hou (NRC), G. DeGrassi (BNL)
LICENSEE
PERSONNEL: A.E. Hammett (APCo),

C.M. Scrabis (Westinghouse)
and nthers (See Attachment 1)

1.0 INTRODUCTION

The purpose of this audit was to review the Licensee’s
activities related to the Bulletin 88-09 issues on BMI thimble tube
wear. This budletin reguires the e.tablishment of an inspection
program to monitor thimble tube wear. The program should include
the establishment, with technical justification, of appropriate
acceptance criterion, inspection methodology and inspection
frequency. The program should be implemented in accordance with
the given schedule (next refueling outage for most plants), and
corrective actions should be taken for tubes which fail to meet the
established acceptance criterion.

The Alabama Power Company’s written response to the bulletin
was included in a letter dated November 2, 1988 and is included as
Attachment 3. A copy of the audit agenda ir included as Attachment
2 and meeting attendance lists for the entrance and exit meetings
are included in Attachment 1.

An entrance meeting was held on November 14. The Licensee
gave an overview of the plant’s inspection program and results.
On November 15, more detailed discussions on these subjects were
held primarily with Al Hammett and Chuck Scrabis. Documentation
including eddy current inspection reports, analyses and design
drawings were made available for our review. Additional informa-
tion was provided after the audit to resolve some open issues
raised during our diccussions. A brief exit meeting was held at
the end of the audit to summarize our findings and recommendations.



2.0 HIGHLIGHTS OF FARLEY EXPERIENCE AND LICENSEE ACTIONS

° APCo established an eddy current inspection program in
1986 with an inspection fregquency of every refueling
outage. This frequency will be maintained until
sufficient data is available to justify a longer interval
between inspections.

o To date, no thimble tube leaks have occurred at Farley.

o To date, three eddy current inspections have been
performed on Unit 1 thimble tubes and two inspections
have been performed on Unit 2. Significant wear has been
detected in sevaral tubes and corrective actions
including tube repositioning and capping have been taken.

© A 65% wall loss acceptance criteria was established based
on Westinghouse analysis.

() The thimble tubes have manual isclation valves which
could iscolate a tube leak if it should occur.

o The Licensee has considered long term corrective actions
but has made no definite commitment to date.

° The Licensce is participating in the Westinghouse Owners
Group (WOG) program on thimble tubes. This program was
scheduled for completion by the end of this year, but
significant delays are expected.

3.0 AUDIT SUMMARY

The following is a summary of the information obtained through
our discussions and document reviews.

3.1 Thimble Tube Inspection Program

The Licensee had established a thimble tube eddy current
inspection program before the issuance of NRC Bulletin B88-09.
Inspections were conducted during each refueling outage since 1986.
Unit 1 was inspected during the cycle 7, 8 and 9 refueling outages
in October 1986, March 1988 and September 1989, Unit 2 was
inspected during the cycle 5 and 6 outages in November 1987, and
April 1989, The first three inspections were performed by Cramer
and Lindell. The last two 1989 inspections were performed by
Echoram, a Westinghouse subsidiary. Both vendors used similar eddy
current test equipment and a multifreguency inspection procedure.
Measurement uncertainty was quoted as 10% by Echoram and 15% by
Cramer and Lindell. The wear scer calibraticn standards were
differert. Cramer and Lindell used & 180° crescent-shaped stan-
dard. Echoram used a 90° flat tapered wear scar. Since eddy



current inspection is based on volumetric measurement, the %0° wear
scar should be more conservative.

A summary of all the eddy current inspection results for both
units is provided in Attachment 5. It is difficult to compare
exact changes in wall loss between cvcles because of the uncer-
tainties and the differences in the two vendors’ reporting methods.
Cramer and Lindell reported a range of values while Echoranm
reported a single value but added a 10% uncertainty factor.
Nevertheless, it is clear that tube wear has been observed since
the first inspection and tends to increase after each cycie. Wear
has been occurring mainly irn the lower core plate area. The core
map figures summarize the latest inspection results. In Unit 1,
there are 36 out of 50 tubes with wear between 17% and 67%. Three
tubes with wall losses of 62%, 63% and 67% have been capped. One
tube was capped because it was blocked and could not be inspected.
Four tubes with wear between 45% and 51% have been repositioned.
In Unit 2, there are 10 out of 50 tubes with wear between 13% and
53%. Two tubes with 53% wear were repositioned. One tube (L%) had
been repositioned after the first inspection although the 198%
inspection did not measure any detectable wear of the L9 tube. No
Unit 2 tubes have yet been capped.

The criteria for capping or repositioning thimbles was based
on Westinghouse recommendations. Westinghouse had performed a
finite element analysis to demonstrate the structural adequacy of
a thimble tube with a two inch long flat wear scar covering 90° of
the tube circumference. The corrective action criteria is to cap
any tube with wall loss exceeding 65% and to reposition any tube
that is predicted to exceed 65% wall loss before the next inspec-
tion. For Unit 1, Westinghouse assumed an average wear rate of
11.8% wall loss per cycle to predict total wear at the end of the
next cycle. Although wear rates exceeding that amount were
observed between cycles for several tubes, Westinghouse feels that
this rate is conservative in the longer term.

In reviewing the inspection reports, it was noted that the
calibration tube wear scar used by Echoram was not in agreement
with the wear scar used in the finite element model. The model
assumed a flat scar with a surface parallel to the tube axis. The
calibration standard used a flat wear scar with a surface inclined
relative to tube axis. Westinghouse was asked to justify the
difference and agread to provide additional information (see
Scction 3.4).

The Licensee stated that eddy current inspections will be
performed during every refueling outage until there is sufficient
data to justify longer inspection intervals.



3.2 Design Parameters

The Licensee provided design information and drawings on the
thimble tube systems and reactor internals. The thimble tubes are
fabricated from SA213 Type 316 stainless steel cold drawn, heat
treated tubing with .300" OD and .201" 1ID. The lower reactor
internals guide column dimensions were not available but
Westinghouse agreed to provide the information (see Section 2.4).
The ID at the lower core plate is .545" in Unit 1 and .600" in Unit
2. The high pressure conduits which support the thimbles from the
reactor vessel to the seal table have an ID of .400" in 42 tubes
and .600" in 8 tubes. It was noted that these dimensions are
smaller than most other plants and would restrict the use of larger
thimble tubes. Both Farley Units are three loop plants with 12
foot cores. Best estimate flow rates are 95900 gpm in Unit 1 and
95200 gpm in Unit 2. Unit 1 went into commercial operation in
December 1977. Unit 2 went into commercial operation in July 1981,

Both Units have the same bottom mounted incore instrumentation
system with thimble tubes that extend from the reactor core down
through high pressure conduits to the seal table. The systen
consists of drive units, 5 path rotary transfer devices, 10 path
rotary transfer devices and manual isolation valves. High pressure
seals form part of the reactor pressure boundary at the thimble
tube to seal table interface. In the event of a thimble tube leak,
water would enter the ten path transfer devices. Each ten path
device has a drain line which feeds into a common drain hezder.
A level sensing switch is installed in the drain header. 1In the
event of a leak, the switch would sound an alarm on the flux
mapping panel in the control room and open the drain valve which
allows the water to drain to the containment sump. In the event
of a leak, plant personnel would have to enter the containment,
identify the leaking tube and close the manual isolation valve.

The Licensee provided a set of photographs of the seal table
(see Attachment 4). The photographs show the BMI transfer cart
which is a frame structure that supports the isolation valves and
10 path transfer devices. During refueling, the thimble tubes must
be withdrawn. This is accomplished by disconnecting the tube
coupling at the seal table, jacking up the upper portion of the
transfer cart and rolling the entire assembly to the side to
provide vertical clearance for tube withdrawal (see photograph) .
When the transfer cart is in the normal operating position, the
upper part of the cart is bolted to supports at each end. However,
it was not clear that the lower part of the cart was restrained.
A concern was raised that during an earthquake the cart could roll
and sever the thimble tubes. The Licensee could not explain how
the lower portion of the cart is restrained but agreed to provide
additional information (see Section 3.4).



3.3 Licensee Evaluation and Corrective Action Plans

The eddy current inspections showed tube wear at scattered
core locations. There were no apparent trends suggesting that
certain core locations are more susceptible to wear than others.
The most severe wear was generally observed at the lower core plate
elevation. More wear has been observed in Unit 1 than in Unit 2.

as may be expected since Unit 1 has been operating for a longer
period of time.

The Licensee has been working closely with Westinghouse in the
thimble tube inspections and evaluations. The acceptance criteria
for capping or repositioning tubes was developed by Westinghouse.
The use of a linear wear prediction technique based on a wear rate
of 11.8% wall loss per cycle appears nonconservative since
increases in wear as high as 25% were observed between cycles 8 and
@ in Unit 1. 1In the long term, the 11.8% rate appears conservative
for predicting total wear of tubes over many cycles. Howevei, as
seen 1n other plants, the increase in wear for any particular tube
in a given cycle is unpredictable and can vary significantly. It
a@ tube leak should occur, however, Westinghouse has demonstrated
that maximum leakage of 235 gPm per tube for three tubes can be
accommodated by the nornal makeup capacity of the system,
Furthermore, there are manual valves available to isolate a leak.
Experience at -other plants has demonstrated the feasibility of
isclating a leak with the manual valves. Actual leakage rates have
also been well below the worst case 35 gpm predictions. Therefore,
although the wear rate prediction method appears nonconservative,

the overall program seems reasonable when consideration is given
to the conseguences of tube leaks, the tube isolation capability,
and the planned inspection freguency.

The Licensee has considered some long term corrective actions
but has made no definite plans or commitments at this time. The
use of sleeves in the lower internals guide column have been
considered. The Unit 2 guide column ID could be reduced from .600"
to .468". Unit 1, however, has a unique problem in that the ID is
only .545", Installation of sleeves would require boring out a
larger diameter in the core plate and upper guide column to make
sleeve installation possible. The use of larger diameter thimble
tubes is not feasible due to the use of some small diameter (.400"
ID) high pressure conduits between the seal table and lower reactor
vessel., Westinghouse has been We_{ing on wear resistant coatings
for thimble tubes but they are not presently being considered by
the Licensee. Although there is not commitment, the Licensee has

allocated funds for tube replacement, if that should be necessary
in the future.

The Licensee is participating in the Westinghouse Owners Group
(WOG) Program on thimble tube wear. This program will develop more
accurate wear scar standards and refine the acceptance criteria for
wear based on testing of tube samples from operating plants. The

5




program is behind schedule because of the difficulty in obtaining
tube samples. At this time, Westinghouse has four sanple tubes
available from Diablo Canyon. Eddy current inspections indicated
90% wear on one tube. Westinghouse plans to repeat the eddy
current inspections and compare the results against hot cell
examinations of the sample. Burst testing of the tube samples is
also planned. Westinghouse expects to receive additional tube
samples from Kewaunee and other plants. A firm completion date for
the program could not be obtained at thies time.

3.4 Closeout of Open ltens

By the end of the audit, there vere three open items for which
the Licensee agreed to provide additional information. This was
provided in a letter dated November 29, 1989 which is included as
Attachment 6. The information was reviewed and found acceptable.

The following is a summary description of the open items and their
resolution,

item 1 The wear scar geometry described in the Westinghouse
finite element analysis report, RPVSA-89-1351, to
Justify the 65 percent allowable wall loss criteria
is different from that described for the wear scar
calibration standard in the Echoram ECT Report.

The wear scar geometries in the two reports are
different. The geometry used by Westinghouse in the
finite element analysis was judged to be conserva-
tive for predicting maximum stress values for givoen
wear scar depths. The geometry used by Echoram as
a calibration standard for measuring wear is
considered to be a more reprerentative approximation
of actual scars and would be more conservative, for
estimating wear depth for a given volume of meterial
removed, than that defined by the finite element
analysis model. ECT inspections deternine wall loss
by measuring the volume of material removed.

A new finite element analysis has been performed by
Westinghouse, modeling the geometry of the Echoranm
calibration standard. The resuits of this new
analysis shows that the predicted stress values for
€5 percent wall loss are less than oeriginally
predicted. This confirms the criginal analysis
assumption that the scar geometry was conservative.

A summaiy stress report of this new analysis was

included in the November 29th transmittal
(ALtachment 6).




item 2 It is not clear how the bottom portion of the BMI
transfer cart, which contains the track wheels for
rolling the transfer cart away from the seal table,
is vestrained from rolling or against seismic
excitation after the upper portion of the transfer
cart is bolted down to its front and back anchor
post.

Resclution 2 The upper and bottom portions of the BMI transfer
cart are never separated from each other. The 4
bottle jacks that raise and lower the upper porticn
relative to the bottom portion are permanently fixed
at the top with 4 bolts each to the top portion and
at the bottom with 4 boits each to the bottom
portica of the transfer cart. Once the upper
pertion is bolted to its anchor posts above the seal
table the entire transfer cart is restrained from
moving in a seismic event,

The seismic qualification reports for the Farley
transfer carts and copies of drawings showing the
areas of concerns were included in the November 29th
transmittal (Attachment 6).

ltem 2 ~Design drawings of the instrument columns in the
lower core area through which the thimble tubes pass
showing the variation in internal diameter were not
available for review.

Eesclution 3 Westinghouse prepared sketches of the Farley Unit
1 and 2 lower internals area showing 3 instrument
columns with the changes in internal diameter along
the lengths. These sketches were included in the
November 29th submittal (Attachment 6).

4.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the information cbtained during and after the audit,
our conclusions and recommendations are as follows:

(<] The Licensee has defined and implemented an adequate program
which is responsive to Bulletin 88-0% reguirements,

) The program applied acceptable state of the art inspection
methods with technically justifiable wear acceptance criteria.
The inspection frequency of every refueling outage is
acceptable.

o The Licensee has taken appropriate short term corrective
actions (capping and repositioning) to minimize the potential
for leaks in tubes with significant wear.



The Licensee has considered long term corrective actions and
is prepared to replace tubern if necessary. Although no long
term commitments have been made, we understand that the
Licensee will continue participating in industry programs
(such as WOG) and follow new developments related to this
issue.

Concerns raised at other plants regarding the seisnic
restraint of the seal table frame assembly do not apply to
Farley.
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ATTACHMENT 2

Audit Agenia



I11.

A.

D.

o

Oooc¢

Inspection Methods Description including assumpticons
and uncertainties

Inspection Freguency and basis

Wear Acceptance Criteria and basis

Corrective Action

Inspection Results

Beview of Parameters Affecting Tube Wear

oo

Hardware Design - Thimble tubes, Tube supporting
structures internal and external to Reactor

Flow rates

Isolation capability

~ Operating History

Licensee Evaluation of Wear

Evaluation of inspection results/significant
findings

Westinghouse Owners Group findings/recommendations
Root cause analysis

Assessment of safety significance

Leng Term Corrective Action Program Status

o
C
o
©

Addition of sleeves .
Addition of isolation valves

Hot cell examination

Other Long Term Plans

Pocument Review

e}
o
e}
o

(<]

Inspection Reports/Results

Design drawings

Analyses supporting acceptance criteria and inspection
frequency

Other relevant Licensee or Westinghouse reports

Hardware Inspection

Seal table room inspection (if accessible)
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Licensee Resoonse to Bulletin €8-09




Alpbames Power Company

600 Nonn Bin Sireer

Pos: Otiice Box P6e*

Brmingham Aabame 382912400
Teiophonrs 208 250143

W G Maminn 01
Senor vice Preggem
Nuciear Operanon
nitis s hun Alabama Power
Docket Nos. 50.348 e SO vectric gy ie
50-36¢

November 2, 19&8

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Vashington, DC 20555

Gentlemen:
Joseph M. Farley Nuclesr Plant - Units 1 & 2
himble Tube Thinning in vestinghouse Reactors
NRC Bulletin No. BB-09
NRC Bulletin No. 88-09 requests that each asddressee establish and -

implement an inspection program to monitor thimble tube performance and
take appropriate corrective actions should the thimble tube fail to meet
the established acceptance criterion. This program should include the
establishment and technical Justification of an appropriate thimble tube
acceptance criterion and inspection frequency and the establishment of an
inspection methodology. Holders of operating licenses that already had
an established inspection program to monitor thimble tube integrity
consistent vith that regquested by this bulletin and, based vpon the
results of the last inspection, took appropriate corrective actions for
the thimble tubes that failed to sautisfy the estabiished acceptance
criterion, are requested to implement the inspection program in
accordance vith their established inspection frequency.

Alabama Pover Company began to utilize the services of an eddy current
vendor to perform incore flux measuring system thimble tube eddy current
testing (ECT) at Farley Nuclear Plant in 1986. In order to be able to
identify a vide range of defects, the ECT vendor developed a calibration
standard to include ASME Boiler and Fressure Vessel Code standard
defects, typical vear patterns, and service defects. The current program
includes performing ECT at each refueling outage until adequate
confidence is established in vear rate projections. Thimble tubes that
do not meet the current acceptance criteria are either slightly
vithdravn, in order *o align the vear scar to a nev location and provide
an undamaged thimble tube vear surface at locations vhere the degradation
had been previously identified, or capped depending upon the percentage
of vall loss.

During the Unit 1 seventh and eighth refueling outages and the Unit 2
fifth refueling outage, all thimble tubes (except those blocked or
capped) vere inspected full length and appropriate corrective actions
vere taken. In the future, thimble tubes that cannot be eddy current
inspected due t¢ blockages vill be preventively capped.
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V.S. Nuclear Regulatory Commission
Page 2

Alabama Pover Company will continve to monitor thimble tube vear by
periodic testing and vill participate in Vestinghouse Ovners Group (V0G)
activities to establish recommended testing options, acceptance
triteria, ang recommended torrective actions. Vhen issued, the VOC
recommended actions vill be revieved and the Alabama Pover Company
program modified, as appropriate. 1In the interim period prior to
issuance of the vog recommendations, Alabama Pover Company vill continue
vith {ts currently established program vhich {s consistent vith the
requirements of NRC Bulletin B8-09.

If there are any questions, please advise.

Respectfully submitted,

W A e -

V. G. Bairston, 111

VGH/AEH

Svorn to and subscribed before me

this-@" dey of Abyembes, 1988

pi 2zt

commission expires

ec: Mr. L. B. Long
Mr. M. L. Ernst
Mr. E. A. Reeves
Mr. G. F. Maxvell
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ATTACHMENT 4

Seal Table Photographs

Photo ¢ 1 - Seal Table with BMI Transfer cart in normal
operating position.

Photo ¢ 2 =~ Seal Table with BMI transfer cart rolled to side and
thimble tubes withdrawn.
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ATTACHMENT 5§

Eddy Current Testing Inspection Results



Unit 1 Thimble Tube ECT results During
The 7th and 8th and 9th Refueling Outages

PERCENT
TUBE # WALL LOSS LOCATION

01-J7 10-20% LCP
01-J7 7-20% LCP
J7 0% -
J7 0x -
02-G? 10-20% LCP
02-G7 16-21% LCP
02-G7 17-19% TP
G? 26% -
03-G9 BLOCKED 83’
03-G9 BLOCKED Considered permanently blocked.
G9 BLOCKED Cappedgand isol. vlv. shut.
04-R6 10-20% LCP L w/p a3n
04-H6 18-26X% LCP
04-H6 16-19% TP
A6 20%

05-F8 (14

05-F8 ox

F8 0x

06-J10 - 0%

06-J10 0x

0€-10 24-35%

J10 4%

07-F9 0x

07-F9 0%

07-F9 18-33X%

F9 202

08-Fé6 10-20%

08-F6 17-38%

Fé

09-H11

09-H11

09-H11

Al1

10-L8

10-18

L8

11-L9

11-1L9

11-19

L9

12-J5

12-J5

JS

13-L6

13-L6

13-L6

L6

L6

14-F11

14-F11

Fl11




15.

16.

17.

18'

19.

20.

22,

23.

24.

25.

26.

27.

28.

1986
1988
1989
1986
1988
1988
1989
1986
1988
1988
1989
1986
19868
1988
1989
1986
1988
1988
1988
1989
1986
1988
1989

. 1986

1988
1989
1986

1988
1989
1989
1989
1986
1988
1988
1988
1989
1989
1986
1988
1989
1986
1988
1988
1989
1986
1988
1989
1986
1988
1988
1988
1989
1986
1988
1988
1989

15-Hé
15-H4

16-J12
16-J12
16-J12
J12
17-07
17-D7
17-D7

18-1L11
18-111
18-L11
L11
19-15
19-15
19-15
19-15

20-ES5
20-ES
ES
21-E11 _
21-E11
Ell
22-F4

22-F4
Fé4

Fé4

Fé4
23-D10
23-D10
23-D10
23-D10
D10
D10
24-H13
24-H13
H13
25-N8
25-N8
25-N8

26-L4
26-L4

27-H3
27-H3
27-H3
27-H3

28-DS
28-D5
28-D5
D5

10-20%
17-26%
19%

ox

0x
19-35%
31X

ox

0x
9-21%
18%
20%
17-27%
24-42%
20%
25%
18-392
17-20%
16-19%
20%
10-20%
)4

oX

25%
8-28%
29%
50-77%

CAPPED
23X
30%
€2%
34-35%
11-39%
20-39%
16-312
27X
28X
25-30%
24-36%
ex

0x

0%
16-17%
0%

25%
19-35%
30%

()4

ox

0%
16-19%
36X
0x

)4
16-18%
18%

LCP
LCp

LoP
)

LCP
TP
LCP
LCP
TP
LCP
LCP
TP
DP
-Cp
LCP
LCP

V/D 3", capped & Iso.
vlv. shut.

¥/D an additional 1/2".

Replaced cap.
LCP

LCP

TP

CSF

LCP
LCP
LCP
TP

LCP
LCP
LCP
TP

Page 2



29.

30.

31'

32.

33.

34.

as.

36.

37.

30‘

39.

1986
1988
1989
1986
1988
1989
1986
1968
1588
1988
1989
1986
1988
1988
1989
1986
1988
1988
1989
1986
1988
1988
1989
1989
1986
1988
1988
1989
1986
1988
1989
1986
1586
1988
1988
1989
1986
1988
1989
1986

29-C8
29-C8

30-N7
30-N7
N7

31-J3
31-J3
31-J3
31-J3

32-N10
32-N10
32-N10
N10
33-F13
33-F13
33-F13
F13
34-D12
34-D12
34-D12
D12
D12
35-N5
35-N5
35-N5

36-B8
36-B3

37-B7
37-87
37-B7
37-B7
B?
38-Gl4
38-G14
Gl4
39-F2

-

10-20%

19-25%
16-18
24X
102
17-26%
38
10-20%

LCP
CSF
LCP
LCP

LCP
LCP
TP

LCP
LCP
CSF

LCP
LCP
TP

LCP
CSF
LCP
CSF
LCP
LCp
LCP
LCP
LCP

LCP
TP

LCP
TP
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42. 1986 42-M3
1988 42-M3
1988 42-M3
1988 42-M3
1988 42-M3
1989 M3
1989 M3

43. 1986 43-D3
1988  43-D3
1989 D3

44, 1906  44-C12
1988 44-C12
1988 44-C12
1989 C12
1989 C12

45. 1986 45-L14
1986  45-L14
1988  45-L14
1988  45-L14
1988  45-L14
1989 L14

46. 1986 46-BS
1988 46-B5
1988  46-BS
1989 BS

47. 1986 47-R8
1986 47-R8
1988 47-R8
1988 47-R8
1988 47-R8
1989 R8B
1989 R8

48. 1986  48-R!
1988  4B-H1
1988  4B8-H1
1989 H1
1989 H1

49. 1986 49-J15
1988  49-J15
1988  49-J15
1989 J15

50. 1986 50-A9
1988 50-A9
1988 50-A9
1989 A9
1989 A9

6 PULLED BACK
"4 CAFPED

~1_ BLOCKED (G-9 blocked & capped)

LO%
26-43%
19-36%
22-36%
22-33%
40%
L6%
0%
0%
0%
5%
17-398%
19-.35%
20%
«5%
(0)4

%
o%
2B-35%
67%

30%
14-3
15-17:
31X
ox

ox

0%
22-37%
34-37%
52X

63%

40x
30-38%
16-18X
26%
1%
4

ox

ox

ox

ox
17-23%
20-36%
20X
40X

~3
L 4

NOTE:

LCP
LCP
TP
CSF (top)
v/D 172",

¥/D an additional 1",

LCP
LCP
CSF

v/D 1"

LCP

CSF

V/D 1", capped & iso.
vlv. shut.

LCP

LCP

CSF

92’

CSF (TOP)
CSF (BASE)

- T

v/D Jag"‘. capped &
iso. vlv. shut.
LCP

LCP

¥/D 172",

V/D an additional 1".
60" 65

LCP
CSF

* = A THIMBLE TUBE
VITHDRAWN OR
WORKED DURING
THAT OUTAGZ
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Unit 2 Thimble Tube ECT Results
Ouring The 5th & 6th Refueling Outage

PERCENT
TUBE ¢ VALL LOSS LOCATION COMMENTS
1. 1987 01.J7 0% . GOOD LCP
1989 1=J7 NDD
2. 1987 02-67 0y “ SLIGHT DIST @ LCP
1989  N2.¢7 NDD
3. 1987  03-G9 0x v SLIGHT DIST @ LCP
1989  03-G9 NDD
4, 1987  04-H6 0% . GOOU LCP
1989  0&-H6 25y
5. 1987 05-F8 0% 3 SLIGHT DIST @ LCP
1989  05-F8 NDD
6. 1987  06-210 0% - SLIGHT DIST @ LCP
1989  06-J10 NDD
7. 1987  07-F9 0% . GOOD LCP
1989 07-F9 =  NDD -
8. 1987 0B-F6 0% § GOOD LCP
1987  08-F6 0% 45 DEPOSIT
1989  08-F6 NDD
9. 1987 09-Hil 0% . SLIGHT DIST @ LCP
1987  09-H11 0% CSF DEPOSIT
1965  09-H11 NDD
10. 1987  10-18 0% . GOOD LCP
1989 10-18 27% % i d
*# 11, 1987  11-19 22-48% 90" V/D drew T
1989 11-19 NDD
12. 1987 12-J5 ox - GOOD 1CP
1989  12-J5 NDD
| 13. 1987 ° 13-16 0% . GOOD LCP
1989  13-L6 NDD
14, 1987 14-F11 0% > SLIGHT DIST @ LCP
“ GOOD '.CP
. GOOD LCP
TP-RC DEPOSITS
. SLIGHT DIST @ LCP
TP DEPOSITS
105 ID DEFECT
. GOOD LCP
GOOD LCP

DEPOSITS ALONG COND
- GOOD LCP




21.
22.

23.
24,
25,

26,
27.
28.
29.
30.
3l.

32.
33.
34,
35.
36.
3.
38.
39.
40,

41,

42.

43.

‘6.

1987
1989
1987
1989
1987
1989
1987
1989
1987
1987
1989
1987
1989
1987
1989
1987
1989
1987
1989
1987
1989
1987
1987
1989
1987
1989
1987
1989
1987
1989
1987
1989
1987
1989
1987
1989
1987
1989
1987
1989
1987
1987
1989
1987
1987
1987
1989
1987
1989
1987
1989
1987
1989

21-E11
21-E11
22-F4
22-F4
23-D10
23.D10
24-H13
24-H12
25-N8
25-N8
25-N8
26-L4
26-L4
27-H3
27-H3
28-D5
28-D5
29-C8
29-C8
30-N7
30-N7
31-J3
31-J3
31-J3 -
32-N10
32-N10
13-F13
33-F13
34-D12
34-D12
35-N5
35-N5
36-B8
36-B8
37-B7
37-B7
38-Gl4
38-Gl4
39-F2
19-F2
40-B10
40-B10
40-B10
41-N12
41-N12
41-N12
41-N12
42-M3
42-M3
43-D3
43-D3
44-C12
44-C12

0%
NDD

NDD

87’
92’

947
108’

Page 6

GOOD LCP
GOOD LCP

GOOD LCP

GOOD LCP

VEAR @ TP

gc;go LCP L
GOOD LCP

GOOD LCP

GOOD LCP

GOOD LCP

GOOD LCP

GOOD LCP
SLIGHT DIST @ CSF

GOOD LCP
GOOD LCP
GOOD LCP
GOOD LCP
GOOD LCP
GuOD LCP
GOOD LCP .
VEAR @ LCP

VEAR @ CSF
GOOD LCP

WEAR @ TP
GOOD LCP
DEPOSIT

GOCD LCP
GOOD LCP

GOOD LCP



45. 1987
1987
1989

46. 1987
1987
1989

47, 1987
1989

48. 1987
1989

49. 1987
1989

30, 1987
1989

45-L14
45-1L14
45-L14
46-B5
46-BS
46-BS5
47-R8B
47-RR
4B-H1
4B-H1
49-J15
49-J15
50-49
50-A9

4’4’ PULLED BACK
"0 CAPPED
_0_3LOCKED

.
~

ox

NDD

20-26%
v

S53%

14%
ox
NDD
ox
NDD
0%
NDD

Page 7

GOOD LCP
DEPOSIT @ TOP-DP

WEAR @ CSF
GOOD LCP ;ﬁll

(PR S TE—————
GOOD LCP

i . B bl +
Soob 26 Ve oF ‘t‘..‘,‘. RIA%

GOOD LCP
DIST @ LCP
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November 29, 1989 Submittal




N

Alabama Power
November 29, 1989

Kr. Giuliano DeGrassi

Strurtural Analysis Division

Department of Nuclear Energy, Building 129
Brookhaven National Laboratory

Upton, New York 1197:

J. M. Farley Nuclear Plant - Units 1 & 2
NRC Audit of Bulletin 88-09 Issues

Dear Mr. DeGrassi:

Enclosed are copies of the folloving documents to resolve all
open items from your recent audit of Bulletin 88-09 issues:

(1) Vestinghouse letter report MED-RPV-2574-
Evaluation of the Echoram Vear Scar

(2) Vestinghouse letter report ALA-87-608:
Unit 1 Flux Mapping System Seismic Analysis

(3) Vestinghouse letter report ALA-B86-741:
Unit 2 Flux Mapping System Seismic Analysis

(4) Sketch shoving Unit 1 BMI instrument column thimble tube
dimensions

(5) Sketch shoving Unit 2 BMI instrument column thimble tube
dimensions

(6) 26350 (4 sheets) EANCO Inc. dravings:
Control System - Flux Mapping

(7) 26353 (1 sheet) EANCO Inc. draving:
Carriage Assembly

If there are any questions please advise,

Yours truly,

o ¥ )1/@«.--—5;:--.§

A. E. Hammett
Nuclear Maintenance Support

AEH

Attachments

Distribution:

Mr. Giuliano DeGrassi - w/1
Mr. A. E. Hammett - w/l

File: C-56 - w/0



MED-RPV-2574

som MECHANICAL EQUIPMENT DESIGN

WN 236'6365

pae  November 27, 1689

Subest ] ion of ram W r

T J. A. Knochel/EC-West 232A
L. F. Dougherty/EC-West 232

cc: C. H. Boyd/STC 701-306 D. E. Boyle/STC 701-306
C. M. Scrabis/STC 701-303 D. Merkovsky/STC 701-303

REFERENCE: Calc. Note RPVSA-89-1505

We have completed an evaluation of the Echoram wear scar identified as
the "check-mark" configuration. Please transmit the following
information to the ALA customer.

personnel and the ALA customer we have completed, and are hereby
documentings the evaluation of the Echoram wear scar with the
"check-mark” configuration. The rasults for the "check-marked"
configuration indicate a maximum stress intensity of 22,109 psi which is
less than the previously report value of 23,318 psi.

This analysis was based on wear scars ideptified in Echoram drawing
WS-A-007-89, and can be described as a 90" wear scar, with 65% wall

|
|
|
|
|
As a follow-up to conversations between Primary Component Engineering
loss, and a length of 0.97 inches.

A1l other features of the previous report remain as presented. The only
purpose of this report is for a comparison to the previous analysis,

Attached with this letter are color plots of the stress intensity
contours from this evaluation.

S S

/4i¢¢(41g_ G
A J. Kuenzel

Reactor Pressure Vessel

System Analysis

/kls

Attachment
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Westinrhouse Power Systems

Eleciric Cororation

onEENTRAL ENG!N

EEE NG FILE ALA-B7-608
i Ref: G 0. BH-650¢1
__L[L - I - ‘[,'1. .; 2 FAR 90087
ENGINEER: 22 Sande it bpril 21, 1887
Mr. W. G. Hairston, 111, General Manager

Nuclear Support

Alabama Power Company

600 North Eighteenth Street
Birmingham, AL 35291-0400

Attn: J. A. Ripple

Joseph M. Farley Nuclear Plant
Unit No. 1
FMS DRIVE SYSTEM SEISMIC ANALYSIS

Dear Mr. Hairston:

Attached for your information is the subject report. As discussed in the

report, the four bolts in the Bechtel restraints which are used to hold the

FMS cart in position over the seal table should be replaced at the next

available opportunity. While the installed bolts will not yield or fail when
subjected to the Farley seismic levels, the analysis showed they could be
stressed beyond AISC allewable levels. By /45 reqs’sced os

If you have any questions, please contact this office. Pecommendel oy
rt’;»f in Un s IN a

Very truly yours, el Yeige om
WESTINGNOUSE ELECTRIC CORPORATION AL Hamast o

2 S  Delre
& Pt A 1 PP 7P
C. Eicheldinger, Manager A
Alabama Project

JAK/flg
Attachment

7998e



J. & Ripple e

7998e

CIH VDL X O

PEIXIVCTO0OOD

McDonalg 1L
Hairston (11 1L, 1A
hoodard 1L, 1A
Canghi 1L, 1A

Lorg 1L

. Crane 1L

Baulig 1L, 1A
wise 1L
Ripple 1L, 1A

ALL-B7.608
Ref: G 0 BH-£5061
FAR 80087

April 21, 1987
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Preparec by: d-t/"o '7 ﬂh/w —

b.J, Hartrann
Equipmert Qualificaticn Tecrnology

Reviewed by WE-\D,V,@CV

-

J.E. Drexler
Equipment Qualification Technology -

Approved by:

. Walker, Manager
Equipment Qual:f‘cation Technology
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A selsric gralysis of the Farley Un:t 2 Flux Narsirg Syste (M8

teen perforres Lo acdress the ccncerr that it mey ntersct with

LECparoize the sea. tal.e pressure bourkiery Curing & se:sric ever

Tre BnElysic was performed in acccrcance wiil tre recormensed pract

cf $ 3nee 07 (Reference .’ to ceterrire :f the FMS wouls rasints:
-

ructure. irtegrity Guring 8 seisric evert.

€s

.-
..

-
.
.-

3
-

Frisrmaors tpe® neﬂ
Eavaa S L ‘éll: —

Tre equipment eralyzec is the rcveatle FMS cefined ir Eance e,
Craw.ng nurdbers 2635C Rev, C (Unit 1) anc 26675 Fev. A (Ur:t 2). 4
wa.kSowr of the equipment irstalled :in Unit 1 wes performed on Cctoter,
1GE€ to corfirr. the Crawings &nc gether the necessary details to
perform the arelysis. The FMS is mounted to rails and is located abcve
tre seal tatle during operaticr at elevation 129'«0" :ipn the conteirmert
builcing. The FMS is composed of structural stee. which supporis ¢rive
scerclies, transfer devices, ard thimtle twting.

During the walkdown, the FMS equipment was inspected to determine whreat
portions of the FMS could interact with the seal table and therefore
recuire analysis. It was determined that only the moveable cart
required analysis. The five (%) path transfer devices anc the:r
Supporting structures are locstec off the moveable cart, at least &
feet from the seal table. It was judgec that these components could
not interact with the seal table since they are Jocated so {ar fror the
seal table. Furthermore, steel grating, as well as the plate on top of
the FMS moveable cart, is located between these components and the seal
table, and it is highly unlikely that these components or their
supporting structures would fail durirg a seismic event. Therefcre,
only the moveatle cart was judgec to be able to interact with the sez)
tatle and was the only piece of FMS equipment énalyzed.
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LRSTRLlEr rocels were feve.cpel usirg the WETZ) corruter
COCE. . hree L rernsicrnal Ltear, rmass, anc shell e.erernts were uses -
PeCe. the FUS, Mocel bouncary corciticns were chosen to resu.t ir tre
CL Tea. il el corservative resu.ts for esch type of 8ne.iysis.,

™
Yy N g
.
o

o L

SC.LEC cLrrestich pointe within the mode. were constracrec orly in tre
BLETCPTLEle trarsiptitngl enc/or retaticnel directions for the type ¢f
cerretticr, Trere bolted ccrnecticns were eveluated with hand
Ca.culeticrs usirg the comtinec loecs cderived from the compLter
gna.ys.s

Using tre eveiletle Ferley Safe Shutcown Eartrquske (SSE) Fegu.rec
Fespcrse Spectrim (FRS), 4% carping FFS curves were developec for tre
cortairrert tul.cing et elevation .2%'. A mocal FRS analysis usirg
these FRS wgs perforred to derive loacs and stresses in each principel
&xis cf tre FMS, The results fror esch roce were combined by the
fquare-roci-cf-the-surecf-the-squares (SRSS) method, except for cicsely
fracel roces (withir 10% of eacr other) which were corb:ined

ebsciitely. Stetic analyses were alfo performed to derive stresses anc

loast cue o structure deacweight and Zero Period Acceleratior (IFA
levels “ir each cf the equipment principel sres as defined by the Farle)
FRS. Tre IFA aralyses were performed to include the effects cf higrer
frequency rcdes in the analysis. The RRS analysis results were
combined gteclutely with the ZPA results for each principel directicn.
The two horizonta) principel directior RRS plus ZPL results anc the
vertical cirecticn RRS plus ZFA results were combined by the SRSS
method, Finzlly, an absolute sum method was used to combjned these
resuits with the deadweight results., The finzl results were considered
in cdetermining the acceptability of the structure wten subjectec to
seismic loaling. These resulting mermber stresses were evaluated for
acceptadbility based on Americen Institute of Stee) Construction (£18C)
specifications as defined in Reference 2.

E.E§Ul ts

Results of the stress evsluation revealed that the only elements which
were stressed beyond AISC allowables (assuming A-307 bolts were used)
were the two belts connecting the FMS C-Channel restraint to the
Bechtel cesigned restraints. However if the present bolts are replacec
by 1/2 in. diameter A325 (or equivalent) beolts, the connection will be
acceptable, All other elerent:s were found to be stressed below AISC
allowable levels, including connections which were evaluated with hand
calculations using loads derived from the computer analysis.
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Mitarrert te

SELLELT.12

Fage & ¢f ¢
re Perrtel cer (TS TEITTRINLE were InC.uleC ir our analysiE. Tatle o
PrUVICES Lhe J282f 8% Lve ircerTace bDetweer tre L)Zxl/k Bri.€ gnt tre
ExI tile fieel for tre "Cestarrel" restrairt. Tél.e @ provises tre
<CBIF 3t the Irterface betweer she Lalal/b tibe rieel Ere tre Ex® ture
B30t fir wre “iibe sieeLY restrairt.

‘ . :
Conc i cre gre Berommarsitiope

TR N TR IR R AL )

A seisric resuires rescorse SPECLrur gralysis was perforres or thre
Farley FME using tre wECAM fir:te element corputer code, Al) Beisr e
rerter st €s were fount to te within AISC allowabie levels, excert
fer the b LveeS in ore of the Bechte. designec restrairts. The
to.ts pre .y Lsec t¢ gttacl tre Cecranne) to the beckte: CeSignec
te Lrigratec to ASTM=A«3CF boits (cr egquive.ent). As

8 previcus gna.ye.s (Reference 3), the bo.ts are not
stressed beyonc treir yie.d stress limits., Therefore, Lre restrairt
will not y.elc or fe:l when exrcsed to the Farley seicric levels.
However tre existing 1/Z inch dizmeter ASTM=A30T beolts s'ould be
replaced with 1/2 inch diareter ASTM-A325 (SAE Crace &) belts st tre
next avai.zi.e cpperunity. This will ensure thet the gesign bolt
Stresses w..l remain withir allowable limits.

Pl

Eeferencg§

1. "IEEE Recormencec Fract:ces for Seismic Qualificatior of Class 1E
Equipment for Nuclear Fower Genersting Stations", IEEES 3LL-1975,
Tre Institute of Electrical and Electronics Engineers, Inc., New
York, New York, January 31, 197%. §

2. Specificetion for the Desigr, Fabrication and Erecticn of
Structural Steel for Buildings, Effective Noverber 1C78, AISC.

3. ¥ Project Letter ALZ-E6-TU), dated September 2, 1986, Subject: "FMS
Drive Syster Seismic Analysis",
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LSBT: &€ JroviCer &t the irte~Tace Setieer
the sxgxl/b arg.e anc the Ex: tude stee!

Fx & Force .r x directicr = €2 ibs.
Py 2 Feree :n y cirecticn s 326 Jbs.

Fz = Force ir

L8]

cirecticn s €30 lbs.

=
£
"

Morent about x cirection = 696R in.-lbs.

"

2

-

Moment sbtout y cdirect:cn = 326 jin.-lbs.

=X
¥

x
(3]
'

z Morert about 2 cirection s 171 in.«-1bs.

Wrere: x directicn is paralle) to rails (horizontal),

direction is perpencicular to rails (horizontal).

e

z Cirecticn is vertical.
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TABLE 2
"TVEE STEEL" RESTRALNT LLASS

LoBlE Bre provices st tre irtertece betneer
the Labxl/4 angle arc the Ex: tute stee)

Fx = Force in x direction = £62 its.
Py = Fcree in y ¢irection s 391 1bs.
Pz = Foree ir 2 directicn & €10 1bs.
KX = Moment about x Cirection = 10868 im.-lbs.
My s Mcmert sbout y direction = 7960 in.=1bs.

¥z s Morent sbout 2 direction = 1226 in.-lbs.

Where: » cirecticrn it paralle] te rails (horizontal).
y direction is perpencicilar to reils (horizontal).

2 direction is vertical.



Westinghouse Power Systems g:e'm'ogs'es'::
Electric Corporation ¢

Bor 358
Pinsburgn Pennsyivanig 16237 ke

ALA-88-747

Ref: G.0. BH.442B4
FAR 91386

September 2, 1986

Mr. W. G. Hairston, ill, General Manager
Nuclear Support

Alabama Power Company

600 North Eighteenth Street

Birmingham, AL 35291

Attn: J. A, Ripple
Joseph M. Farley Nuc!ear Plant
Unit No. 2
FMS DRIVE SYSTEM SEISMIC ANALYS|S

Dear Mr. Mairston:

Attached for your information is the subject report. As discussed in the
report, the four bolts in the Bechtel restraints which are used to hold the
FMS cart in position over the seal table should be replaced at the next
availadle opportunity. While the bolts currently will not yield or fail when
Subjected to the Farley seismic levels, the analysis showed they could be
stressed beyond AISC allowable levels.

A Safety Evaluation Checklist for the report is also attached.

Very truiy yours,
WESTINGHOUSE ELECTRIC CORPORATION

92
A~ C. Eicheldinger, Manager
Alabama Project
JAK/pmh
Attachment

$04%0: 12
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. McDonald 1L, 1A

Hairston 111 1L, 1A
Woodard 1L, 1A
Gancghi 1L, 1A

Long 1L, 1A

Crane 1L, 1A

Baulig 1L, 1A

Wise 1L, 1A

Ripple 1L, 1A
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by Equipmest Qualification Techoology
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e Avgust 21, 1986

Spen Farley Flus Mapping System Seimmic

Evalustion Sunmary Report

W J.A, Foochel = MNC 237
€c: J.J. Mclperoey = MNC 409 J.M. Ludwiczak - R&D 701/307
W.F, Cuerin « MNC 400 K.G. Lunz = ITTC 264
5 ceen ™ W.W, Wassel = ITTC 264
4.0, Bartmann ~ RAD 7017307 File: ALA-l4éePMs/2

-
-

Io response to the Customer's request, attached it & summary report for
the seirmic evaluation of the Ferley Flus Mappiog Systex (FMS). Using
& copservative losd combination procedure, the analysis revealed that
the ooly mwembers which vere stressed beyond allovabdle lizits vhen
subjected to Farley seismic levels were the bolts used io both Bechbte)
Cesigued restraints, Further detailed analysis bovever, revealed that
the bolts were not stressed beyond their yield stress limit,
Therefore, altbough these bolts are Stressec beyond allovable levels,
they will ot yield or fail vher subjected to seismic loads. Bovever,
these 1/2 inch diameter ASTM-A307 bolts should be replaced with 1/2
ioch diameter ASTM-A2S (SAE Crade 5) bolts or equivalent st the pest
svailable epportunity,

The detailed analysis package for this effort vill be maintained ot ¥
CISD central file under cevtral filc pumber ALA-144-FNMS snd is
svailable for audit. Should furtber detsils on the analysis be
required, or if there are &ny questions, please contact the
undersigoed, 2 &

j‘alttl’ ;’;.S:.m4a¢%‘ ‘

P.T. Swith L1 Walker, Manager

Equipment Qualification Technology Equipment Qualification Techoology
3

sttachment

Discaro Dare
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SEISMIC EVALUATIOR OF TEE FARLEY
FLUX MAPPING SYSTEN

Prepared by: /ﬂ«l r.f»uo“

P.T., Smith
Equipment Qualification Techrology

AP g o N

‘.J. ‘.tt““
Equipment Qualification Techuology

Approved by:

L.I. Walker, Manager
Equipment Qualification Technology
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SEISMIC EVALUATION OF TEE FARLEY
FLUX MAPPING SYSTEM

1.0 Iptroduction :

A seimmic analyaio of the Farley Fluz Mapping System (FMS) bas beex
performed to address the concern that it Bey intersct with and
jeopardize the seal tabdle pressure boundary during s seismic event,

Tbe avalysis was performed in sccordance with the recommended practices
of TEEE 344~1975 (Reference 1\ to determine if the PMS would maistain
its struciural istegrity duriog e seismic event,

4.0 Equipment Apslvzed

The equipment avalyzed is the moveable FMS defived in Ravco Ipe.
éravivg-sumbers 26350 Rev, C (Dpit 1) sod 26575 Rev. 4 (Drit 2). 4
valkdéowvn of the equipmest installed ic Doit 2 was performed on April B,
1986 to confirm the draviogs and gatber the Becessary details to
perforn the avalysis, The FMS i» mounted to rails and is located sbove
the seal table during operation at elevation 129'«0" ‘g the containment
buildivg., The FMS is composed of structural steel which supports drive
Sssemblies, travsfer devices, and thimble tubding,

-

Duriog the walkdown, the F¥S equipment vas inspected to determire what
portions of the FMS could in.eract vith the seal table and theraofore
require acalysis. It vas determived tbat only the moveable cart
required analysis., The five (5) five Peth tranefer devices and their
Supporting structures are located off of the moveable cart, st least &
feet frow the sesl table. It was Judged that these components could
Bot ipteract with tbe seal table since they are located 8o far from the
seal table. Purtbermore, steel grativg, as wvell as the plate on top of
the FME moveable cart, is located between these com onents snd the seal
teble, and it is bighly unlikely that tbese components or their
sSupporticg structures would fail during o seismic event. Therefore,
only the moveable cart was judged to be able to intersct vith the seal
table and wvar the only piece of FMS equipment analyged.

3.0 Apelysis

Fivite element computer models were developed using the WECAN computer
code. Three dimensionsl besnm, ®Bass, and sbell elements were used to
Brdel the FMS, Model boundary conditions were chosen to result in the
mOSt reslistic yet conservative results for each type of avalysis,
Bolted copnection poiots witbin the model were constrained only in the
sppropriate travslatioval and/or rotational directioms for the type of
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covnection. These bolted compections vere evaluated witd band
calculations usizg the combised loads derived from the computer
analyeis,

Using the available Farley Safe Stutdove Eartbquake (S52) Required
Responee Spectrus (RRS), &2 danping RRS curves were developed for the
containment buildiog ot elevation 129', A modal RRS analyeis ueing
thie RRS was performed to derive loads and otresses in each principal
&xis of the FMS. The results from each mode vere combived by the
fquare-root=of-the~sum~of-the~squares (SRSS) metbod, except for closely
spaced modes (witbio 102 of esch otber) which vere combined

absclutely, Static svalyses wvere aleo performed to derive stresse: and
loads due to structure desdveighbt and Zero Period Acceleration (2PA)
levels i esck of the equipment privcipal azes as defived by the Farley
RES. The ZPA avalyees were performed to include the effects of bigher
frequency modes in the svalysie, The RRS analysis results were
combined sbsclutely with the 2P4 results for each priocipel direction, =
The tvo borizontal privcipal direction RRS plus ZPA results and the
vertical direction RRS plus 2ZPA Tesultes vere conbined by the SRSS
metbod., Fivally, an absolute sus method vas uced to combine these
Tesultes with the deadveight results, The fical results vere covsidered
iv determining the scceptability of the structure vhen subjected to
seismic loading, These resultiog member stresses were evalustad for
scceptability based oo Awerican Imstitute of Steel Cosstruction (AISC)
Specifications as defined ip Reference 2,

Resuite V

Results of tbe stress evaluation revealed that the only elements which
vere stressed beyond the AISC allovadle levels vere the bolts used in
both Becbtel desigoed restraints, Purther detailed avalysis was
performed with & less comservative load combivation metbod which
combined sach RRS result with ssch ZPA result by SRSS ratber thar by
ebsolute sum. This avalysis of the 1/2" dismeter ASTM-A30Y bolts
revealed that altbough they were stressed beyond the AISC sbeur
ellovable levels, they vere pot stressed beyond the material sbear
yield streogth and therefore would oot yield or fail duriog & seismic
event. All otber elements were found to be siressed below AISC
allovable levels, including connections which vere evaluated witdh band
calculations veing loads derived from the computer analysis,

The Bechtel designed restraints sbove in Becbtel draving D-206116 were
included in the svalysis, Table 1 provides the loads ot the isterface
betveen the 4 x 2 x 1/4 avgle and the 8 x 3 tude steel for the
"C~cbanvel” restraint, Table 2 provides the loads at the interface
betveen the 4 x 4 x 1/4 tube steel a2 the 8 x 3 tube steel for the
"tube steel” restraint.



Attachmert to
BQOT-EQT-2 864
Fage 4 of ¢

#+0 Cenciveions and Recommendations

4 veismic vequirad responoe bpectrum aralyoio vas performed op tre
Parely FHS ueing the VECAN fimite element computer code. All seismic
seuber atrosoes were found to be witbin AISC allowable levels, excopt
for the bolte woed ip botl Becdtel donigoed vectraints. Justification
for iotevim operstiom i besed o2 & further ¢etoiled enalysis which
sbowved that the vestraint bolte were mot dtrosced beyomd their wyield
btreso limite. Therefore, the restraivts will mot gield or feil when
exposed to the Farley seiomic levels., Bowever, the azistiog 1/2 imed
Giameter ASTM-A307 bolts obould be replaced with 1/2 inch diammter
ASTH-A325 (BAL Crade 3) or equivalent bolte &t the past svailable

“Pportumity. Thie will epoure that the bolt otresses will fall wittin
allowable limits,

Beferences

1. ™IZEP? Recommended Practices for Selsmic Qualification of Claoo I

Equipment for Ruclear Pover Gesersting Statiope,™ IERE~344-1978,

The Ivotitute of Electrical and Eloctrovice Eoginoers, lne,, New
York, New York, Jenuary 31, 1978,

: v RBighth Edition, American Isotitute of
Steel Comatruction, Chicago, IL, 1980,
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TABLE )

"C~CRARNEL" RESTRAINT LOADS

Losds are provided at the interface betveen
the & 3 2 x 1/4 angle and the 8 3 3 tube steel

Px » Force iv x direction = 76 1bs.

Py = Force in y directiop 321 1be,

Fe © Force iv ¢ direction » 616 1be.

Mx = Moment about x direction o 6913 in.«1be,
My * Moment about y directiop = 305 in.=1bs.

Mz = Moment about 2 direction » 87 jp.-1bs.

Where: =x direction is parallel to rails (borizontal),
y direction is perpendicular to rails (borizontal),

t direction is wertical.
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TABLE 2

TTUBE STEEL"™ RESTRAINT LWOADS

Lloads are provided at the interface betweon
the 4 3 4 2 1/4 tude eteel and the 8 2 3 tube atoel

® Force in & direction o 53§ 1bae.
Py o Poree in 9 édirection e 348 1be,
P: » Force im g direction o 553 1ba.

Hx » Moment about @ direction © 9595 ip.~1bs.

My = Moment sbout y divection = 7077 in.~1be.

Mg Moment about & directics o &6 ia.~1bo.

Where: =z direction is parsllel to rails (borizonmtal),

y divection is perpendicular to reile (borizemeal).

8 direction is vertics




SECL NO. .&Cel&.'ﬂ......

Customer ::Zorvneo Noi(s),

- - o L P——

Westinghouse Reference No(s),
WESTINGHOUSE
NUCLEAR SAFETY EVALUATION CHECK LISBT

1) NUCLEAR PLANT (5) -__F_"‘“.\M S R R
2) CHECK L1ST APPLICABLE TO: --E’-l‘*’-M“FF; " ,'_ﬁ_\} stea Rih

(Bubject of Change)

3) The written safety evaluation of the revised procedure, design change or
wsocification requires by JO0CFRED.S9 has been precared to the extent recuired
end is attached. I¢ & safety evaluation is net “equired or {s incomplete
for any reasen, explain on Page 2.

Parts A ano B of this Sefety Evaluation Check Liu: are to be completes enly
on the basis of the safety evaluation perfor ed.

CHECK LIST = PART A ™

(3.1 Yes ___No M _ A change to the plant as describec Iin the FEaR?
(3.29 Yes ___ No 44’ A change to preocedures as described in the FEAR?
(3.3 Yes ___ No 7. A test or experiment not cescribed in the FEAR?
(3.4 Yes __. No ,7. A change to the plant technical spscifications

(Appendix A to the Dperating License)?

4) CHECK LIST = PART B (Justification for Part B answers must be incluted on

Page 2.)
(4.1) AN 2" No ~/, Will the probablility of an accicent previously
evaluated in the FEBAR be incresses?
(4, 2) Yes ___ No g{i Will the censequences of an accident previcusly
wvaluated Iin the FEAR be increases?
(a.3 Yes ___ No o/ May the possibllity of an accident which s
gidéerent than any already evaluastes in the
FEAR be creates?
(4.8 Yes ___ No *{: Will the probability of & maléunction of
equipment important to safety previously
v// eveluated Iin the FSAR be increased?
(4.3 Yes ___No V. _ Nill the consequences of a maléfunction of
equipment important to safety previously
V/ evaluwated in the FSAR be increases?
4.6) Yes ___No V. _ May the possibility of & malfunction of ecuipment

important to safety diféerent than any

elready evaluated in the FSAR be crested?
4.7) Yes ___No V. _ Will the margin of safety as defined in the bases

to any technical specification be recuces?
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