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BFN-TS-405
10 CFR 50.90
U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Mail Stop: OWFN, P1-35
Washington, D.C. 20555-0001
Gentlemen:
In the Matter of ) Docket Nos. 50-259
Tennessee Valley Authority ) . 50-260
50-296

BROWNS FERRY NUCLEAR PLANT (BFN) - UNITS 1, 2, AND 3 -
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION (RAI)
RELATED TO TECHNICAL SPECIFICATIONS (TS) CHANGE NO. TS-405 -
ALTERNATIVE SOURCE TERM (AST) (TAC NOS. MB5733, MB5734,
MB5735)

This letter provides additional information requested by NRC in support of
TS-405. TS-405, which was submitted on July 31, 2002, requested a license
amendment and TS changes for application of AST methodology for BFN
Units 1, 2, and 3.

NRC provided the RAl on June 21, 2004. The questions were discussed with
the staff in teleconferences on June 15, and 21, 2004. Enclosure 1 provides
TVA's response to each of the staff's questions.

The AST Loss-of-Coolant Accident (LOCA) analysis assumes an alternative
leakage treatment pathway to the main condenser as a dose mitigation feature.
Establishing this pathway requires a seismic ruggedness evaluation and
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possible modifications to the main steam system piping. During a June 15,
2004, teleconference NRC requested that TVA provide the Unit 1 seismic
ruggedness evaluation for review as part of the approval of the Unit 1 AST
LOCA analysis.

Enclosure 2 provides the Unit 1 MSIV Seismic Ruggedness Evaluation
consisting of the "MSIV Seismic Ruggedness Verification for Browns Ferry
Nuclear Plant Unit 1," and TVA's, "Seismic Evaluation Report." The
evaluation is based on General Electric NEDC-31858, "BWROG Report For
Increase In The MSIV Leakage Rate Limits and Elimination of Leakage
Control System. Main steam line ruggedness provides an alternate leakage
pathway to the main condenser as a dose mitigation feature and is required
to support Unit 1 AST LOCA analysis.

NRC intends to complete the review of the Unit 1 MSIV Seismic Ruggedness
Evaluation in time to support the approval of TS-405. However, if for some
unforeseen reason, the review of the seismic ruggedness evaluation cannot
be completed to support issuance of the Safety Evaluation, TVA proposes
the following Unit 1 license condition.

TVA has performed an analysis showing the main steam line
seismic ruggedness and has submitted the results of the analysis
to NRC. The analysis is based on General Electric NEDC-31858,
"BWROG Report For Increase In The MSIV Leakage Rate Limits
and Elimination of Leakage Control System." TVA will not
implement Unit 1 Loss-of-Coolant Accident (LOCA) analysis
portion of the Unit 1 AST analysis until NRC completes review of
the seismic ruggedness evaluation.
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There are no regulatory commitments contained in this letter. If you have
any questions about this, please telephone me at (256) 729-2636.

Pursuant to 28 U. S. C. § 1746 (1994), | declare under penalty of perjury that
the foregoing is true and correct. Executed on July 2, 2004.

Sincerely,

2. BFN Unit 1 MSIV Seismic Ruggedness Evaluation
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P.O. Box 30310
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Atlanta, Georgia 30303-3415

Mr. Stephen J. Cahill, Branch Chief
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ENCLOSURE 1

TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT
UNITS 1,2, AND 3

RESPONSE TO THE JUNE 21, 2004, REQUEST FOR ADDITIONAL INFORMATION
(RAIl) RELATING TO TECHNICAL SPECIFICATIONS (TS) CHANGE No. TS-405
ALTERNATIVE SOURCE TERM (AST)

This enclosure provides additional information requested by NRC in support of TS-405.
NRC provided the RAls on June 21, 2004. These were discussed with the staff in
teleconferences on June 15, and 21, 2004.

NRC Request 1

At the bottom of Page 5 of the replacement pages for Enclosure 2, there is a
reference to a "new control room X/Q value associated with an instantaneous
ground level puff release." A similar reference occurs on page 36, paragraph
3.1.1.2, and in Table 3-5. These references were present on the original pages
as well. In a letter dated March 26, 2003, Tennessee Valley Authority (TVA)
agreed to use the current licensing basis X/Q value rather than pursuing the new
instantaneous puff model. Please confirm that this is still the position of TVA and
that failure to remove these references in the updated pages was an oversight.

TVA Response 1

Failure to remove reference to the instantaneous puff release was not an
oversight on TVA's part. TVA will continue to use the current X/Q licensing basis
rather than pursuing the instantaneous puff model shown on page 5 of the Safety
Assessment.

In the March 26, 2003 letter (Reference 1), TVA indicated the new puff release
X/Q dose is conservative when compared to a calculation based on the current
Updated Final Safety Analysis Report (UFSAR) and the existing UFSAR X/Q
would continue to be the licensing basis for the main steam line break accident.
In Enclosure 5 of the TS-405 submittal (Reference 2), TVA proposed changes to
the UFSAR associated with the implementation of AST, which included the use
of the puff model X/Q. However, following approval of AST by NRC, the final
changes to the UFSAR will not include discussions of the new Main Steam Line
Break puff release dispersion X/Q values, but rather will retain the current
UFSAR X/Q values.
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NRC Request 2

Please discuss the status of the regulatory commitment made in your letter dated
December 9, 2002, regarding the seismic ruggedness analyses and
modifications for Unit 1 alternative main steam isolation valve (MISV) leakage
treatment path. When would this analysis be available for staff review?

TVA Response 2

The seismic ruggedness analysis for the Unit 1 MSIV leakage treatment pathway
is complete. The Unit 1 MSIV Seismic Ruggedness Evaluation consisting of the
"MSIV Seismic Ruggedness Verification At Browns Ferry Nuclear Plant Unit 1,"
and TVA's, "Seismic Evaluation Report" are provided in Enclosure 2. Required
modifications to Unit 1 will be implemented prior to restart from its extended
outage that began in March of 1985.

NRC Request 3

The original submittal requested, in part, cancellation of License Condition
2.C.(4) for Units 2 and 3. However, by submitting the updated analyses the
condition was satisfied. The May 17, 2004, letter did not request that the
condition also be cancelled for Unit 1, now that the Unit 1 analyses have been
submitted. Thus, it is the staff's understanding that the license condition remains
effective for Unit 1. Please confirm the staff's understanding.

TVA Response 3

Unit 1 License Condition 2.C.(4) continues to remain in effect. The subject
matter of the Unit 1 License Condition 2.C.(4) and the Units 2 and 3 License
Condition 2.C.(4) are not related. The Units 2 and 3 License Condition 2.C.(4)
was issued as part of Amendment 254, Power Uprate (Reference 3). The
condition required TVA to perform analysis of the design basis loss-of-coolant
accident (LOCA), confirm off-site and on-site dose limits, obtain NRC approval of
the results and make necessary modifications. In response to this license
condition, by letter dated March 30, 1999 (Reference 4), TVA forwarded the
results of the LOCA analysis. By letter dated August 3, 1999 (Reference 5),
NRC stated that TVA had resolved the portion of the condition which required
TVA to submit the dose consequences for a LOCA, however; the condition would
remain open until the required modifications are completed. These modifications
were completed as required by the license condition. Accordingly, the original
TS 405 submittal requested deletion of License Condition 2.C.(4) for

Units 2 and 3.

Unit 1 License Condition 2.C.(4) was issued as part of Amendment 234,
"Request To Convert To Improved Standard Technical Specifications Consistent
With NUREG-1433," to allow approval of Amendment 234 without all the
supporting analysis complete for Unit 1. The TS 405 submittal referenced the
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Unit 1 License Condition 2.C.(4) that would allow approval of AST for Unit 1
without the supporting analysis. These supporting analyses were submitted in
Enclosure 3 of TVA's May 17, 2004 letter (Reference 6). As such, Unit 1 License
Condition 2.C.(4) no longer needed to allow approval of AST.

Since all of the analyses associated with Amendment 234 that were the subject
of Unit 1 License Condition 2.C.(4) have not been submitted, it remains effective.
TVA proposed a plan for resolution of Unit 1 License Condition 2.C.(4) in a letter
dated June 16, 2004 (Reference 12).

NRC Request 4

Please confirm that, for Browns Ferry Units 1, 2, and 3, all equipment required to
meet Title 10, Code of Federal Regulations (10 CFR), Section §0.49, are
qualified to total radiation dose expected during normal operation over the
installed life of the equipment, and the radiation environment associated with the
most severe design-basis accident during or following which the equipment is
required to remain functional, including the radiation resulting from recirculating
fluids for equipment located near the recirculating lines and including the dose-
rate effects pursuant to 10 CFR 50.49(e)(4). Alternatively, either, (a) confirm the
radiation doses used for the environmental qualification analyses at both current
licensed thermal power and extended power uprate conditions have been
adjusted upward to include the increased radiation doses resulting from the
proposed alternative source term (AST), or (b) describe the new method (versus
type testing) for demonstrating components are qualified pursuant with the
requirements of 10 CFR 50.49 and provide justification that components are
qualified for the increased radiation doses resulting from the proposed AST
pursuant with the requirements of General Design Criteria 4 of 10 CFR Part 50,
Appendix A and 10 CFR 50.49.

TVA Response 4

As previously provided in our March 26, 2003 (Reference1), reply to the October
15, 2002, RAI, TVA has elected to retain the TID-14844 assumptions for
performing the required environmental qualification (EQ) analyses. The radiation
doses used for the EQ analyses at both current licensed thermal power and
Extended Power Uprate (EPU) conditions are adjusted upward from the original
values based on the determined source terms of the ORIGEN computer code for
the respective power level. The BFN AST analysis considers the source term
from the Fission Product Inventory shown on Table 2-2 of the Safety
Assessment. A reactor thermal power of 4031 MWt (102 percent of 3952 MWHi)
is also used.

Regulatory Guide 1.183, "Alternative Radiological Source Terms for Evaluating
‘Design Basis Accidents at Nuclear Power Reactors," Section 1.3.5, states that
licensees may use either the AST or the TID-14844 assumptions for performing
the required EQ analyses. It further states that no plant modifications are
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required to address the impact of the difference in source term characteristics
(i.e., AST vs TID 14844) on EQ doses pending the outcome of the generic issue.
The issue was subsequently evaluated by Generic Safety Issue 187.
Supplement 25 to NUREG-0933, "A Prioritization of Generic Safety Issues,"”
dated June 30, 2001, provides the resolution of Generic Issue 187, "The
Potential Impact of Postulated Cesium Concentration on Equipment
Qualification." The supporting description states that the Sandia National
Laboratories’ report, "Evaluation of Radiological Consequences of Design Basis
Accidents at Operating Reactors Using the Revised Source Term," dated
September 28, 1998, showed that 1) for equipment exposed to the containment
atmosphere, the TID-14844 source term and the gap and in-vessel releases in
the AST produced similar integrated doses, and 2) for equipment exposed to
suppression pool water, the integrated doses calculated with the AST remain
enveloped by those calculated with TID-14844 for the first 145 days post
accident for a BWR, including the 30 percent vs. 1 percent release of cesium.
There are no instruments in the suppression pool that are within the EQ program.

The BFN EQ program is based on qualification for 100 days post accident.
Based on the above, the continued use of the TID-14844 source term provides
integrated doses for equipment which envelope those that would be calculated
using AST. Therefore, following implementation of AST, BFN will continue to
meet their commitment to 10 CFR 50.49 by using a radiation environment
associated with the most severe design basis accident.

With regard to the BFN EQ program qualification time of 100 days post accident.
An internal memo issued in January 1983, established a maximum post accident
operating time of 100 days within TVA. This is publicized in various
correspondences with NRC. Enclosure 3 of a May 20, 1983, letter (Reference 7)
that provided a Justification For Continued Operation for various equipment
indicated a maximum post LOCA operating time of 100 days. In a meeting with
NRC on September 16, 1985, as shown in October 9, 1985, NRC meeting
summary (Reference 8), TVA stated the EQ program is based on 100 days post
LOCA operation. In NRC inspection reports for the Browns Ferry EQ program
dated September 1, 1988 (Reference 9), and December 14, 1990 (Reference
10), the inspectors reviewed areas such as required post-accident operating time
compared to the duration of time equipment was qualified and determined that
the EQ program meets the requirements of 10 CFR 50.49.

TVA has subsequently submitted other TS changes, including Power Uprate,
using 100 days qualification post accident as a basis for the EQ program
(Reference 3).

NRC Request 5

In TVA's December 9, 2002 letter, TVA responded to staff questions regarding
assumptions used in assessing MSIV leakage deposition (NRC request 5, page
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E1-17). Please confirm that the responses provided, including piping length,
surface areas, etc., are valid for BFN Unit 1 as well.

TVA Response 5

The Unit 1 configuration including piping length, surface areas etc., are the same
as the Units 2 and 3 configuration. Therefore, the TVA response to NRC
Request 5 in TVA's December 9, 2002 letter (Reference 11), is applicable to the
Unit 1 configurations.

NRC Request 6

In the response to NRC Request 3 page E1-8 of the May 17, 2004 letter, the
licensee stated:

"The CS [core spray] ECCS [emergency core cooling system)] injection
flow delivered to the reactor vessel mixes with the sodium pentaborate
(SP) and spills from the reactor vessel through the recirculation line
break flushing SP to the suppression pool."

The pH control of the suppression pool is dependent on the transfer of a quantity
of SP to balance the acids produced by radiolytic action and other sources.
From the information provided, it appears that the SP is mixed primarily in the
core region and lower head regions of the vessel, although it is unclear what
degree of mixing of water containing SP with injected water would be required to
assure that sufficient SP is transported out the break and to the suppression
pool. The following questions are related to this concern:

NRC Request 6.a

In the event that both low pressure coolant injection (LPCI) trains are operating,
does the core level remain essentially at the top of the jet pumps with the LPCI
water being spilled into the annulus from the top of the jet pumps and out the
break with no mixing with the SP containing water?

TVA Response 6.a

For a large break LOCA of the BFN recirculation system piping, there will always
be one loop (two pumps) of the CS system available for ECCS injection flow,
both short term (< 10 minutes) and long term (> 10 minutes). In the BFN LOCA
analysis, a large break LOCA of the recirculation system piping with the limiting
single failure constitutes the maximum loss of ECCS makeup capacity. As a
consequence of the single failure, a complete train each of Residual Heat
Removal (RHR) Low Pressure Coolant Injection (LPCI) and CS ECCS injection
capability is lost. This results in one loop (two pumps) of CS and one loop (two
pumps) of RHR LPCI remaining available. However, the remaining available
loop of RHR LPCI flow is assumed lost directly through the break.
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In the event that RHR LPCI flow exists in the short term (< 10 minutes), the RHR
LPCI flow would contribute to core reflood, and then overflow the jet pumps,
enter the annulus, and exit the vessel through the break. BFN Updated Final
Safety Analysis Report (UFSAR) Section 14.6.3.3.2.1 states that the RHR pumps
are switched from the LPCI mode to the containment cooling mode at 10
minutes. Therefore, in the long term, RHR flow has no influence on the CS
ECCS injection capability to maintain water level and continue the flushing action
of SP to the suppression pool. However, although LOCA containment analysis
dictates redirection of available LPCI capacity to containment cooling in the long
term, LPCI flow would assist in providing core reflood with the resuiting
contribution to the lower head region of the reactor vessel providing additional
flow for the lower head mixing and vessel coolant exit through the break as
discussed in the response to RAI-6.c.

NRC Request 6.b

In the event that one train of LPCI is operating (through single failure or isolation)
is the momentum of injection capable of forcing flow into the lower head region
and out the non active jet pumps in the reverse direction? Are controls needed
to isolate one LPCI after SLC injection since it would promote mixing and
sweeping of SP water from the vessel?

TVA Response 6.b

No controls are needed for the isolation of RHR LPCI injection in the event it
should be operating since it does not substantially affect the mixing and
sweeping SP from the vessel as credited in the analysis. As stated in the
response to RAI-6.3, in the event that RHR LPCI flow exists in the short term

(< 10 minutes), the RHR LPCI flow would contribute to core reflood, and then
overflow the jet pumps, enter the annulus, and exit the vessel through the break.
BFN UFSAR Section 14.6.3.3.2.1 states that the RHR pumps are switched from
the LPCI mode to the containment cooling mode at 600 seconds, or 10 minutes.
Since LPCl is a short term operation in LOCA analyses, no controls are needed
to isolate RHR LPCI flow in the event it should be operating. The CS ECCS
capability to maintain water level and continue the flushing of SP to the
suppression pool long term are discussed in the response to RAIl-6.c.

NRC Request 6.c

The addition of core spray water would force some SP mixed water out of the jet
pumps, but steaming due to decay heat could reduce this. What is the amount of
SP mixed water that is removed from the vessel by CS ECCS operation? If this
is the only mixing process, how long would it take to transport sufficient SP to the
suppression pool? Would substantial SP remain in the vessel and be
unavailable for pH control in the suppression pool? Does the chemical analysis
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need to assume a quantity of SP remains in the vessel as part of its balance with
the acid producing mechanisms?

TVA Response 6.c

The attached figure is a simplified representation of the BFN reactor vessel and
internal components.

For a large break LOCA of the BFN recirculation system piping, there will always
be one loop (two pumps) of the CS system available for ECCS injection flow at
an assumed LOCA analysis flow rate of 5,600 gpm. This post LOCA CS ECCS
injection takes suction from the suppression pool and discharges directly above
the active reactor core region inside the core shroud. Based upon the design
basis Reactor Core Isolation Cooling (RCIC) system flow rate of 600 gpm to
offset maximum decay heat (by steaming), the net CS ECCS injection liquid flow
rate is effectively 5,000 gpm immediately after the event. This net injection rate
will be conservatively used throughout the event.

The free fluid volume of the entire reactor vessel and the recirculation system is
approximately 109,300 gallons of liquid. With a net CS ECCS injection rate of
5,000 gpm, this volume would be refilled approximately every 22 minutes.

The free fluid volumes of the reactor vessel lower plenum and lower head zones
are Zone A — 5,199 gallons, Zone B — 12,440 gallons, and Zone C —- 8,468
gallons, for an approximate total of 26,107 gallons. Ata net CS ECCS injection
rate of 5,000 gpm, the lower plenum and lower head liquid volume would be
displaced approximately every 5.2 minutes.

The Standby Liquid Control (SLC) system differential pressure and liquid control
line (shown in the attached figure as Detail A) serves a dual function within the
reactor vessel to inject SP solution into the coolant stream and to sense the
differential pressure across the core support assembly during normal operation.
The line enters the reactor vessel at a point below the core shroud as two
concentric pipes. In the lower plenum, the two pipes separate, with the inner
pipe being the SP injection line. As shown, this pipe is a vertical perforated
sparger that disperses the SP in the lower shroud immediately below the reactor
core plate and above the jet pump outlets.

Considering the Technical Specification minimum SLC single pump flow rate of
39 gpm, the credited AST SP volume of 4,000 gallons will be injected in less than
two hours. The injection of the SP is concurrent with the CS ECCS injection
occurring in reverse flow through the active core region to the lower plenum and
lower head zones. The flow path of least resistance for the two flows is to travel
axially along the guide tubes in Zones C and B until reaching the region below
the guide tubes where the control rod drive mechanism housings are located
(Zone A). There, the much smaller diameter of the drive mechanism housings
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provides a radial flow path with a significantly larger flow area and lower losses
than the guide tube region of the lower plenum. It is not expected that
substantial radial flow would occur across the guide tubes.

The colder SP water has a slightly higher density than the CS ECCS water in the
lower plenum and head (specific gravity of about 1.1). As a result, the SP water
would fall or be entrained with the CS ECCS flow from the injection point to the
region below the jet pump outlet. Here it would either mix with the CS ECCS
water that is flowing radially across this region and be drawn upward into the jet
pumps or be drawn off via the reactor vessel bottom head drain line.

The BFN reactor pressure vessel (RPV) includes a two inch bottom head drain
line that is designed to provide a constant flow of reactor coolant from the RPV
bottom head to the Reactor Water Cleanup System during reactor operation to
obtain a representative temperature measurement in the bottom region of the
RPV and for removal of cold water accumulation from the control rod drive
system in-leakage from the bottom region of the RPV. The active flow path of
this line is from the vessel bottom head to the Reactor Water Cleanup (RWCU)
system that takes suction from recirculation loop A. The BFN large recirculation
break LOCA analysis includes this bottom head drain line as a contribution to
break flow during the LOCA event and this flow path remains active post LOCA
for continued flow to the break. This lower vessel head flow path will provide
additional assurance that SP will not stagnate in the lower head, but will be
flushed out of the break to the suppression pool.

The suppression pool pH analysis for BFN shows that no credit for suppression
pool buffering is required until greater than 12 hours post-LOCA. Prior to this
time, the acid added to the suppression pool from radiolysis of water and
radiolysis of cable is not enough to neutralize the CsOH that will exist. Based on
this analysis, BFN conservatively assumes that SP injection will occur no later
than two hours after accident initiation and adequate mixing occurs prior to 12
hours. In accordance with the AST pH analysis, an amount of SP would remain
in the reactor vessel (and recirculation system) in equilibrium with the
suppression pool SP concentration. The BFN suppression pool pH chemical
analysis volumetric determination of pH conservatively includes the initial
maximum volume of the suppression pool as well as the reactor coolant
inventory to be borated to arrive at the final equilibrium SP concentration of the
pool to be considered for pH control.

Because of the configuration of the RPV, the path CS ECCS injection takes
through the RPV, and the configuration of the SLC injection piping the post
LOCA flow through the lower head zone provides adequate volume turnover
along with flushing of the SP out of the lower head zone to the suppression pool
through either the jet pumps into the annulus or through the bottom head drain.
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NRC Request 7

The staff considers the Administrative controls to restore isolation of the
secondary containment and to terminate venting in the event of a refueling
accident as an important defense in depth measure. In what document will these
administrative controls be located? Other licensees have indicated that (1)
designated personnel will be aware of which openings would require closure, (2)
specific responsibilities for closure would be assigned, and (3) obstructions that
could prevent closure would be easily removable. In some cases, licensees
have specified a time to achieve closure and have added the administrative
control definition to their technical specifications. Please provide the staff with
additional information as to the content of the administrative controls.

TVA Response 7

The three BFN Units share a common secondary containment. BFN TS 3.6.4.1
and 3.6.4.2 require the secondary containment and the associated isolation
valves to be operable in Modes 1, 2, and 3. Therefore, all three BFN Units would
need to be in Modes 4 or 5 for secondary containment not to be operable.
Additionally, the AST analyses do not take credit for secondary containment
during the movement of irradiated fuel and during core alterations. TS-405
shows offsite doses following a refueling accident to be well below regulatory
limits.

As a defense in depth measure, TVA plans to revise the following procedures:

The BFN General Operating Instruction for fuel movements during refueling
will be revised to verify that prior to moving irradiated fuel, if secondary
containment is not required to be operable, that it can be reestablished.

The BFN Technical Instruction for secondary containment penetration breach
analysis currently contains actions to be taken in the event secondary
containment cannot be maintained due to a breech exceeding the available
margin. These steps include stationing an Auxiliary Unit Operator at the
breach location that is responsible for closing the breach if instructed by the
control room. This instruction will be revised to require calculating the size of
the breaches in secondary containment even when the TSs do not require
secondary containment.

The BFN Abnormal Operating Instruction for fuel damage during refueling
provides the symptoms, automatic actions and operator actions for a fuel
damage accident, including a dropped fuel bundle. Steps will be added to
this instruction to ensure that secondary containment is intact or promptly
restored following a postulated fuel handling accident.
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ENCLOSURE 2
TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT
UNIT 1

BFN UNIT 1 MSIV SEISMIC RUGGEDNESS EVALUATION
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EXECUTIVE SUMMARY

This report summarizes the seismic ruggedness verification program for increasing the
Main Steam Isolation Valve (MSIV) leakage rate limits at Browns Ferry Nuclear Plant
Unit 1 (BFN-1). Key engineering attributes of the seismic verification program consisted
of the following:

¢ Review of the MSIV seismic verification boundaries;

« In-plant screening walkdown evaluations and identification of potential outliers;
s Further evaluations and resolution of potential outliers;

» Recommendations for plant modifications to resolve outliers;

* Work order requests to address general maintenance and housekeeping items.

BFN-1 MSIV seismic ruggedness verification program was pe}fonned in accordance with
the recommendations of the General Electric BWR Owners Group Report for Increasing
MSIV Leakage Rate Limits and Elimination of Leakage Control Systems. MSIV leakage
boundaries were established to ensure that the main steam piping from the outboard
MSIV’s to the turbine stop valves and the main steam drain line from the outboard MSIV's
to and including the condenser itself are capable of being a pressure retaining boundary
following a Design Basis Earthquake (DBE). '

In-plant screening walkdown evaluations of piping and associated components within the
seismic verification boundaries were performed in accordance with Walkdown Instruction
WI-BFN-0-CEB-07, “Engineering Walkdown Instruction for MSIV Seismic Ruggedness
Verification.” A total of 15 subsystems within the seismic boundaries were included.
Screening evaluations focused on key design attributes and seismic issues such as pipe
spans and support integrity; seismic interaction issues including proximity impact and
falling concems; differential displacement of structures, equipment and piping;
performance of seismic verification boundary components, among others. Screening tools
such as seismic deflection estimates and charts for various plant features; pipe flexibility
and seismic anchor movement evaluation charts; support and anchorage capacity
screening charts; and others were used in the in-plant screening walkdown evaluations.
Certain configurations identified during the in-plant screening walkdowns as not meeting
the screening criteria were documented in the Potential QOutlier Sheet (POS) as potential
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outliers and for further evaluation and disposition. Walkdown results, including a total of
54 potential outliers identified, are documented in the Walkdown Data Packages (WDP's)
for the respective subsystems.

Potential outliers identified during the in-plant screening walkdowns were further evaluated
to the acceptance criteria of TVA Design Criteria BFN-50-C-7306, “Qualification Criteria for
Seismic Class Il Piping, Pipe Supports, and Components.” Further evaluations and
bounding analyses of these potential outliers consisted of hand calculations using basic
engineering mechanics techniques for simple configurations, and rigorous piping analyses
(TPIPE computer program) for more complex piping configurations. A total of 15 outliers
were found to have not met the acceptance criteria. Plant modifications were designed
and several Design Change Notices (DCN's) were issued to implement the changes so
that all of these concerns were resolved. Furthemmore, 15 maintenance and/or
housekeeping items were also identified for corrective actions. Maintenance work order
requests were issued to address these items. .

Overall program results for the MSIV seismic ruggedness verification program for Browns
Ferry Unit 1 are summarized in the following table:

1 MS Drain Line — Turbine Bldg. Main Steam Tunnel 4 0 0
2 MS Lines - Turbine Bldg. 2 0 1
3 MS Drain Line ~ Reactor Bldg. Main Steam Vauit 2 0 0
4 HPCI/RCIC/Aux. Boiler Drains 8 2 1
5 MS Pressure Transmitters PT 1-72, 76, 82, 86 & 93 6 4 2
6 MS Sample Lines to Sampling Station 4 2 2
7 MS Bypass 1 0 0
8 MS Stop Valve Above Seat Drains 3 0 3
9 MS to Steam Seal Regulator 6 1 1
10 Steam Supply to RFP Turbines 6 1 2
Page ii
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11 Steam Supply to Steam Jet Air Ejectors (SJAE's) 6 2 1
12 Steam Supply to Off-Gas Preheaters 1 1 0
13 SJAE's Drain to Condenser 1 1 0
14 MS Drain Line (Turbine Bldg.) to Condenser 3 1 2
15 Condenser 1 0 0
Total 54 15 15

s0e
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1. INTRODUCTION

This report summarizes the work performed for supplemental plant-specific Main Steam
Piping Seismic Verification. The verification program was performed in accordance with
the recommendation of the General Electric BWR Owners Group Report for Increasing
MSIV Leakage Rate Limits and Elimination of Leakage Control Systems (Reference 7-1).
The objective of the supplemental plant specific walkdown verification was to identify
specific design conditions associated with poor piping and component seismic
performance. The walkdown was directed toward identification of the following specific
phenomenon and issues:

Piping Support Integrity Issues

Seismic Interaction Issues of:

- Failure and Falling (Il/l Concerns)

- Displacement and Proximity Impact Issues

Differential Displacement of Structures, Equipment and Piping

. Performance of Seismic Verification Boundary Components

1.1 Report Organization

This report is organized as follows. Chapter 2 presents the scope of the program.
Technical bases and evaluation approach for in-plant screening evaluations, including
walkdown implementation, are described in Chapter 3. Summary of in-plant screening
walkdowns and evaluations, including open items identified, is presented in Chapter 4,
while that of potential outlier resolution is in Chapter 5. Overall summary and
recommendations, including plant modifications and maintenance work orders, are
provided in Chapter 6. References are listed in Chapter 7 of the report.

There are 3 appendices to this report. Appendix A contains a listing of walkdown data
packages (WDP) which document the in-plant screening evaluations performed by the
Walkdown Teams. Appendix B contains a list of engineering calculations which
document the resolution of potential outliers by further analyses. A list of calculations
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containing the engineering design of plant modifications for the resolution of BFN-1 MSIV
outliers, as well as maintenance work order requests, are provided in Appendix C.
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2. PROGRAM SCOPE

The walkdown scope included the drain path that will be established to convey leakage past the
outboard Main Steam Isolation Valves (MSIV's) to the isolated condenser and includes piping,
instrumentation, valves and equipment that would be required to maintain the drain pathway.

2.1 Seismic Verification Boundary

BFN-1 MSIV Leakage Containment Boundaries are described in Reference 7-2, and are shown
in Figure 2-1. The associated flow diagrams are listed in Table 2-1, and the piping isolation
boundaries defining the seismic verification boundary are shown in Table 2-2. Note that Unit 1
seismic boundaries are generally similar to those for Units 2 and-3.

-

The scope of the seismic verification walkdown presented in this report generally consists of the -
following portions of the Main Steam (MS) system beyond the outboard MSIV's:

1. Main Steam drain path to the condenser for any leakage past the isolated
outboard MSIV's.

2. Main Steam piping from the outboard MSIV's to the Main Steam Stop
Valves (MSV's).

3. Main Steam bypass piping from the Main Steam lines to the Bypass Valve
Chest.

4, Main Condensers.

5. Additional piping and instrumentation within the Seismic Verification

Boundary includes:

« Stop Valve Above Seat Drains to Condenser
« Steam Sample System

« HPCI/RCIC Steam Drains to Main Steam

» Auxiliary Boiler Drains to Main Steam

e Main Steam Instrumentation

e Steam to Steam Seal Regulator

+ Main Steam Supply to Reactor Feed Pumps
« Main Steam Supply to Steam Jet Air Ejectors
o Main Steam Supply to Off-Gas Preheaters

Page 2-1 : )
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2.2 Seismic Walkdown Scope

The scope of the seismic verification walkdown included consideration of design conditions
which in past earthquake experience have been associated with piping damage and could
contribute to pressure boundary failure and inventory release. These conditions include support
failure, falling of non-seismically designed plant features (il/l), proximity impact, and differential
seismic anchor motion of structures, piping or equipment. The scope and extent of these
conditions are consistent with the guidelines as specified in Reference 7-1 and are described in
greater details in Chapters 3 and 4 of this report.

BFN-1 MSIV seismic ruggedness verification walkdowns were performed considering a total of
15 subsystems or portions within the MSIV seismic verification boundary, as follows:

1. Main Steam Drain Line ~ Turbine Bldg. Main Steam Tunnel
2. Main Steam — Turbine Bldg.

3. Main Steam Drain Line ~ Reactor Bldg. Main Steam Vault
4. HPCI/RCIC/Aux. Boiler Drains

5. Main Steam Pressure Transmitters PT 1-72, 76, 82, 86 & 93
6. Main Steam Sample Lines to Sampling Station

7. Main Steam Bypass

8. Main Steam Stop Valve Above Seat Drains

9. Main Steam to Steam Seal Regulator

10. Steam Supply to RFP Turbines

11. Steam Supply to Steam Jet Air Ejectors (SJAE’s)

12. Steam Supply to Off-Gas Preheaters

13. SJAE's Drain to Condenser

14. Main Steam Drain Line (Turbine Bldg.) to Condenser

15. Condenser

Figures 2-2 to 2-16 highlight the extent of the seismic walkdown scope for each of the above 15
subsystems or portions within the BFN-1 MSIV seismic verification boundary
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Table 2-1
BFN UNIT 1 MECHANICAL FLOW DIAGRAMS

Drawing Number System Description
1-47E801-1 Main Steam
1-47E801-2 Main Steam
1-47E805-3 Heater Drains, Vents and Misc. Piping
*1-47E807-1 Turbine Drains and Miscellaneous Piping
1-47E807-2 Turbine Drains and Miscellaneous Piping
1-47E812-1 High Pressure Coolant Injection System
1-47E813-1 Reactor Core Isolation Cooling System
0-47E815-1 Auxiliary Boiler System '
1-47E815-3

Ma7EsI0an1 | Semping and el uaty System
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Table 2-2

BFN UNIT 1 MSIV LEAKAGE BOUNDARY POINTS

Leakage Flow
Boundary Diagranv Comment
Point Drawing
1-FCV-1-15 1-47E801-1 Outboard MSIV for Main Steam Line A
1-FCV-1-27 1-47E801-1 Outboard MSIV for Main Steam Line B
1-FCV-1-38 1-47E801-1 Outboard MSIV for Main Steam Line C
1-FCV-1-52 1-47E801-1 Outboard MSIV for Main Steam Line D
1-FCV-1-56 1-47E801-1 Outboard containment isolation valve for Primary Containment steam drains
}:}'gg 1-47E801-1 Normally closed Main Steam Drain manual isolation valves
1-43-631 1-47E610-43-1 | Normally closed Main Steam Sample System manual isolation valve
1-43-631A | 1-47E610-43-1 | Normally closed Main Steam Sample System manual isolation valve
1-43-632 1-47E610-43-1 | Normally closed Main Steam Sample System manual isolation valve
1-FCV-1-74 1-47E801-2 | Main Turbine Stop Valve for Steam Line A
1-FCV-1-78 1-47E801-2 | Main Turbine Stop Valve for Steam Line B
1-FCV-1-84 1-47E801-2 Main Turbine Stop Valve for Steam Line C
1-FCV-1-88 1-47E801-2 Main Turbine Stop Valve for Steam Line D
1-FCV-1-61
1-FCV-1-62
1-FCV-1-63
1-FCV-1-64
1-FCV-1-65 1-47E801-2 Main Steam Bypass Valve Chest
1-FCV-1-66
1-FCV-1-67
1-FCV-1-68
1-FCV-1-69
1-FCV-1-127 1-47E801-2 | RFP Turbine A Stop Valve
1-FCV-1-135( 1-47E801-2 | RFP Turbine B Stop Valve
1-FCV-1-143 1-47E801-2 RFP Turbine C Stop Valve
1-FCV-6-153 1-47E807-2 | Normally closed motor operated isolation valve -~ RFP Turbine A
1-FCV-6-155 1-47E807-2 | Normally closed motor operated isolation valve — RFP Turbine B
1-FCV-6-157 1-47E807-2 Normally closed motor operated isolation valve — RFP Turbine C
1-FCV-6-122 | 1-47E807-2 | Normally closed motor operated isolation valve — RFP Turbine A
1-FCV-6-127 | 1-47E807-2 | Normally closed motor operated isolation valve — RFP Turbine B
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Table 2-2 (Cont.)
BFN UNIT 1 MSIV LEAKAGE BOUNDARY POINTS

Leakage Flow
Boundary Diagram/ Comment -
Point Drawing

1-FCV-6-132 1-47E807-2 | Normally closed motor operated isolation valve — RFP Turbine C

1-PCV-1-151 1-47E801-2 | Normally open air operated isolation valve — SJAE A

1-PCV-1-166 1-47E801-2 Normally open air operated isolation valve - SJAE A

1-6-826 1-47E805-3 Check Valve - SJAE A

1-PCV-1-153 1-47E801-2 | Normally open air operated isolation valve - SJAE B

1-PCV-1-167 1-47E801-2 | Normally open air operated isolation valve - SJAE B

1-6-822 1-47E805-3 Check Valve - SJAE B
1-SHV-1-741 --- New manual isolation valve for Off-Gas Preheater — per DCN 51112
1-CKV-1-742 .- New check valve for Off-Gas Preheater ~ per DCN 51112
1-SHV-1-743 --- New manual isolation valve for Off-Gas Preheater — per DCN 51112
1-CKV-1-744 - New check valve for Off-Gas Preheater — per DCN 51112

1-FCV-73-6B 1-47E812-1 Normally open air operated isolation valve - HPCI

1-FCV-71-6B 1-47E813-1 Normally open air operated isolation valve - RCIC

1-12-635 1-47E815-3 | Normally closed manual isolation valve - Aux. Boiler
1-12-637 1-47E815-3 Normally closed manual isolation valve - Aux. Boiler
1-12-623 1-47E815-3 Normally closed manual isolation valve - Aux. Boiler
1-12-625 1-47E815-3 | Normally closed manual isolation valve - Aux. Boiler
1-12-824 0-47E815-1 Normally closed manual isolation valve - Aux. Boiler

1-FCV-1-145 1-47E807-2 | Normally closed motor operated isolation valve — Steam Seal Regulator

1-FCV-1-154 1-47E£807-2 | Normally closed motor operated isolation valve — Steam Seal Regulator

1-PCV-1-147 1-47E807-2 | Air operated pressure control valve/relief valve — Steam Seal Regulator

1-FCV-6-100 1-47E807-1 Normally closed motor operated isolation valve - Stop valve above seat drains

1-FCV-6-101 1-47E807-1 Normally closed motor operated isolation valve - Stop valve above seat drains

1-FCV-6-102 1-47E807-1 Normally closed motor operated isolation valve - Stop valve above seat drains

1-FCV-6-103 1-47E807-1 Normally closed motor operated isolation valve - Stop valve above seat drains

Condenser A -e- The condenser is the ultimate boundary for the MSIV leakage path.

Condenser B - The condenser is the ultimate boundary for the MSIV leakage path.

Condenser C -e- The condenser is the ultimate boundary for the MSIV leakage path.
Misc. 1-47E801-1 Miscellaneous test, vent, drain and instrument connections

Components | 1-47E801-2
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Figure 2-1: BFN Unit 1 MSIV Seismic Verification Boundary
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Figure 2-2: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 1
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Figure 2-3: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 2
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Figure 2-4: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems ~ Package 3
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Figure 2-5: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 4
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Figure 2-6: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 5
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BFN UNIT 1 MSIV SEISMIC VERIFICATION WALKDOWN BOUNDARY
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Figure 2-7: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems —- Package 6
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Figure 2-8: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems ~ Package 7
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Figure 2-9: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 8
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Figure 2-10: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 9
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Figure 2-11: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 10
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Figure 2-12: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 11
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Figure 2-13: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 12
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Figure 2-14: BFN Unit 1 MSIV Seismic Walkdown Scope by Subsystems — Package 13
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3. SEISMIC VERIFICATION WALKDOWN

Very few components of nuclear plant systems are unique to nuclear facilities. Nuclear plant
systems include piping, tubing, conduit, and many other items that are common components
of conventional power plants and industrial facilities. Seismic experience data based
methods have been developed which address the question of adequacy of seismic
performance of equipment and commodities not designed, procured and installed to current
nuclear seismic criteria (Reference 7-3). By reviewing the performance of facilities that
contain equipment similar to that found in nuclear plants, conclusions can be drawn about the
performance of nuclear plant equipment and associated components during and after
earthquake events. Extensive work has been performed documenting the performance of
power plant equipment and the common sources of seismic damage to equipment and piping
(Réferences 7-1, 7-4 and 7-5). These and other similar studies form the basis for the
walkdown.

Equipment, piping and tubing systems in the seismic experience data base have performed
very well in earthquakes, even though they were typically designed for deadweight and
operating loads only, with little or no consideration for seismic loads (Reference 7-5).
Earthquake experience data base methods provide the basis for review of the main steam
piping and equipment.

The catalog of earthquake experience data on which the walkdown screening evaluation was
based includes the Ei Centro Steam Plant, Valley Steam Plant, Glendale Power Plant,
Burbank Power Plant, Humboldt Bay Plant, PALCO Co-generation Plant, Coolwater Plant,
Ormond Beach Plant, Moss Landing Steam Plants and several other facilities affected by the
1987 Whittier earthquakes, and the 1992 Cape Mendocino (Humboldt Bay) and Landers-Big
Bear earthquakes in California.

A comparison of the selected earthquake experience database site spectra with the Browns
Ferry Design Basis Earthquake (DBE) ground spectrum, amplified by 1.6 to account for soil-
founded structures such as the Turbine Building, is shown in Figure 3-1. The earthquake
experience database plants have experienced strong motions substantially in excess of the
soil-amplified Browns Ferry DBE (1.6 x DBE).
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Further discussion on the appropriate seismic demand used for Turbine Building is presented
in Section 5.1.1. Also, additional details regarding the earthquake experience database
plants can be found in Appendix D, Section 4.1, of the BWROG Report GE NEDC-31858P
(Reference 7-1).

3.1 Seismic Verification Review Guidelines

Various design attributes of the as-installed scope of equipment, piping, and tubing were
reviewed and evaluated by the Seismic Walkdown Teams to insure that the BFN installations
are representative of data base design practice and that components are free of known
seismic vulnerabilities. Earthquake experience has identified conditions that have resulted in
failure of piping and tubing systems and components. The conditions evaluated in this
walkdown review included: 3

. Piping, Pipe Support and Equipment Design Attributes

. Seismic Anchor Motion Issues
. Seismic Interaction Issues (II/l & Proximity)
. Boundary Valve Design Attributes

3.2 Piping, Pipe Support and Equipment Attributes

Earthquake experience data base representation of the piping and tubing systems can be
verified by the following design and installation attributes:

. Piping and tubing installations are in conformance with industry-
standard practices (e.g., ANSI B31.1 spans for piping, standard
industrial supports for piping and tubing).

. Piping or tubing system does not display known seismic vulnerabilities
or exhibit seismically sensitive characteristics.
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3.2.1 Piping and Pipe Support Design Attributes

The Seismic Walkdown Team reviewed the piping and tubing systems for conditions
associated with past poor performance. Support failure in past earthquakes has rarely
resulted in piping failure unless multiple supports over long runs fail. Support types which
have demonstrated poor seismic performance include:

. One-way bracket or stanchion supports that could allow pipe to slide
off the support and fall.

. Supports attached by beam clamps without restraining straps.

. Short threaded rods that are fixed against rotation may be vulnerable

to low cycle fatigue.

. Other support integrity issues such as damaged, deteriorated or
altered parts that could result in non-ductile behavior or significant
weakness in the load path.

Rod hanger attachments that act as pinned members (e.g. clevis, eyes, etc.) and welded
structural steel pipe supports have not been observed in seismic events to be vulnerable
unless there are major design or construction flaws in their attachment to the supporting

structure.

3.2.2 Vulnerable Piping Joints

Threaded piping connections, unsupported bellows or expansion joints and mechanical joints
(e.g., mechanical type couplings, bell and spigot joints, etc.) have been observed in past
earthquakes to be more vulnerable to seismic loads than welded piping joints. The Seismic
Walkdown Team reviewed flexibly supported piping to identify segments which contain weak
or brittle joints. Bolted flange connections have performed well and are not considered to be
weak or vulnerable to seismic loads.

3.2.3 Other Potential Seismic Vulnerabilities

Other piping and tubing design attributes which are inconsistent with good design practice
. and which may contribute to poor seismic performance include:
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. Piping with dead weight support spacing greatly in excess of ANSI/
ASME B31.1 suggested spans (Reference 7-16). Tubing with
excessive sagging or support spans greatly in excess of 6'-0".

. Heavy in-line masses (e.g., valves, accumulators, filters, strainers).

. Piping inadequately restrained adjacent to expansion joints.

. Piping constructed of non-ductile materials such as cast iron or PVC.
. Non-standard fittings, such as mitered elbows or unreinforced branch

connections, or unusual attachments that could cause excessive
localized stresses.

. Presence of severe corrosion.

Walkdowns reviewed piping and supports to identify designs which contained any of these
attributes.

3.3 Equipment Design Attributes

The equipment reviewed in the seismic verification walkdown includes the main céndenser
and equipment which acts as terminal anchor points for piping and tubing systems. Typical
equipment components include heat exchangers, vessels and some measuring
instrumentation such as transmitters, and gauges. In general the walkdown review included:

. Review the equipment for known failure modes and sources of seismic
damage which may affect the seismic performance of the equipment
and sub components.

. Check for unusual or non typical arrangements of the devices within
the equipment or of items external to the equipment.

. Assess the anchorage and presence of an adequate load path. For
instrumentation, this included evaluation of the instrument rack and/or
other terminal equipment.
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The details of the review varied according to the type of equipment and location within the
plant. The extent of review and information gathering for evaluation of Seismic Verification
Boundary components, equipment required for structural integrity, etc. were determined
based on the judgment and experience of the Seismic Walkdown Team.

3.4 Anchorage Design Attributes

Anchorage of equipment and supports were reviewed for adequacy on a visual basis. Details
of piping and equipment anchorage were documented in the walkdown notes only as
required for review of outliers.

3.4.1 Expansion Anchor Bolt Review Guidelines

Visual review of expansion anchor bolts considered the following:

. The concrete appears sound with no significant cracks in the vicinity of
the anchor bolt.

. Gaps between the equipment base and the concrete surface were
negligible.

. The bolt spacing is greater than about 10 times the bolt diameter. '

. The distance between the bolt and any free concrete surface is greater

than approximately 10 times the bolt diameter.

3.4.2 Welded Anchorage Review Guidelines

Welded anchorages were reviewed for adequacy, good installation practices and
workmanship on a visual basis. This visual review included:

. Review for weld burn-through on thin sections.

o Review of weld thickness, against the thickness of thinner part being
connected.

. Review for plug welds subjected to tension loads.

Page 3-5 FACILITY RiSK CONSULTANTS, INC.



ST S Soa et -
R B DL o DS AL P R A -

b R At S LI SR L vl . - !

B I A el T L > TR NG QIED S PN U T P % [ . - - -

3.5 Seismic Anchor Movement

The experience data base includes instances of seismic damage to piping, tubing and
supports that were attributed to seismic anchor movement. Damage was the result of
excessive movement of terminal end equipment, differential movement between supports in
adjacent buildings, and excessive movements imposed on branch lines by flexible headers.
As a result of these observed vulnerabilities, the following attributes were evaluated by the
Seismic Walkdown Team during the piping walkdown:

. System configurations at building joints and between buildings were
reviewed to insure adequate piping system flexibility to accommodate
seismically-induced differential building movement.

. Fittings which can be adversely affected by seisrﬁfcally-induced
differential movement (e.g., bellows, etc.) were evaluated for adequate
flexibility. This included conditions with rigid connections at muitiple
structures.

. Piping attached to unanchored or poorly anchored equipment was
considered an outlier. Stiff piping attached to flexible equipment was
evaluated to verify that the piping will not act as an equipment '
anchorage. .

. Conditions where stiffly supported branch lines were attached to
flexibly-supported (e.g., rod-hung) mainlines or headers were identified
as outliers. The Seismic Walkdown Team evaluated these
configurations for potential damage due to seismically-induced
differential movement.

3.6 Seismic Interaction Review (Il/l and Proximity)

The seismic interaction review was a visual inspection of structures, piping, or equipment
adjacent to the components under evaluation. The seismic interaction review identified
seismically induced failures (/) and displacements of adjacent structures, piping, or
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equipment (proximity) that could adversely affect the required seismic performance of the
system and components under consideration.

The Seismic Walkdown Team identified and evaluated all credible and significant interaction
hazards in the immediate vicinity of the item being evaluated. Evaluation of interaction
effects considered detrimental effects on the cépability of equipment and systems to function,
taking into account equipment attributes such as mass, size, support configuration, and
material hardness in conjunction with the physical relationships of interacting equipment,
systems, and structures. In the evaluation of proximity effects involving overhead or
adjacent equipment failure and interactions, the effects of intervening structures and
equipment which would preclude impact were also considered.

Unusual circumstances and details have led to damaging interaction of plant features during
past earthquakes. In the interaction review, the Seismic Walkdown Team looked for unusual
impact situations, and lack of proper anchorage or bracing of adjacent equipment. All
credible interactions that could affect the required performance of the piping, tubing and
equipment reviewed were identified and documented, as appropriate.

3.7 Seismic Verification Boundary Valves

Screening guidelines are provided for valves which are either relied upon to establish, or are
within the Seismic Verification Boundary. The guidelines are consistent with the SQUG
Generic Implementation Procedure (GIP, Reference 7-3) and include provisions for air-
operated diaphragm valves, spring-operated pressure relief valves and piston-operated
valves of light-weight construction. Screening guidelines for motor-operated valves and
substantial piston-operated valves are also provided. Evaluation of valves included review of
power and control utilities to insure adequate slack is provided to accommodate anticipated
seismic motions. Supports located on the valve operator were reviewed to insure that they
were accompanied by supports on the valve body or piping adjacent to the valve body.
Reviews were also performed to insure that the valve body and operator were supponted by a
common structure to prevent differential displacement. Piping or tubing less than 1-inch in
diameter with in-line eccentric masses such as motor or air operated valves were checked for
support at or near the valve.
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3.8 Walkdown

BFN-1 MSIV seismic ruggedness verification boundary was divided into 15 subsystems or
portions for walkdown purposes (see Section 2.2 above). Seismic verification walkdown of
the main steam lines, various drain paths, and associated components and appendages
within the Seismic Verification Boundary were conducted as part of BFN Unit 1 restart
project, and were performed by Seismic Walkdown Teams consisted of Messrs. John O.
Dizon, Stephen J. Eder, Robert D. Hookway and Michael W. Whited of FACILITY RISK
CONSULTANTS, Inc. All of the MSIV Seismic Verification Walkdown Team members are
degreed engineers; each has over ten to twenty years of experience in structural or
mechanical engineering and/or earthquake engineering application to nuclear power plants,
and is familiar with the earthquake experience methodology.

The above engineers have performed complete MSIV Seismic Vérificati_on Walkdowns in
accordance with the recommendations of the BWROG Report GE NEDC-31858P at several
other plants, including BFN Units 2 and 3.

3.9 Documentation

The seismic verification walkdowns and evaluations were performed in accordance with
applicable Walkdown Instruction WI-BFN-0-CEB-07 (References 7-6), and following the
guidelines contained in the BWROG Report GE NEDC-31858P (References 7-1). Screening
evaluation guidelines were based on TVA Design Criteria BFN-50-C-7306 (References 7-7)
for Class Il piping and components. Walkdown evaluations utilized existing plant
documentation, as available, including:

. Systems flow diagrams or P&ID’s identifying piping and equipment
within the verification review boundaries;

. Piping isometric drawings;

. Piping support sketches and piping layout drawings, as needed;
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. In-plant screening tools such as piping deflection charts, pipe flexibility
charts,-standard support hardware capacities, anchorage capacities,
and others (Reference 7-8), as applicable;

. Walkdown and evaluation results from previous MSIV seismic
ruggedness programs conducted for BFN Units 2 and 3 (References
7-9 and 7-10).

The walkdown review of piping and supports was primarily visual for qualitative attributes of
the systems. Only physical system attributes which could be visually verified with available
access, and without system disassembly were reviewed. Where indicated, additional details
of the system design, installation and construction were collected and are documented on
piping isometrics and in walkdown field notes, as appropriate. ]

Conditions which did not conform to the walkdown screening guidelines or which were judged
by the Seismic Walkdown Team to require further review were identified and documented as
potential outliers in the Potential Outlier Sheet (POS). Some photographs were taken for
informational use in subsequent evaluation phases of the project.

Results of the walkdown for each of the 15 portions or subsystems within the BFN-1 MSIV
seismic verification boundary are documented in the respective walkdown data package
(WDP). A listing of the walkdown data packages with unique identifier number can be found
in Appendix A of this repont.
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4. WALKDOWN OPEN ITEMS

Screening walkdown evaluations for the 15 subsystems or portions included in the BFN-1
MSIV Seismic Verification Boundary were performed in accordance with Walkdown
Instruction WI-BFN-0-CEB-07 (Reference 7-6). Screening evaluations focused on certain
key attributes of the associated piping and components, as discussed earlier in Chapter 3,
to ensure pressure boundary integrity. Available screening tools (see Reference 7-8)
such as seismic deflection estimates and charts for various plant features, pipe flexibility
and seismic anchor movement evaluation charts, support and anchorage capacity
screening charts, and others, that are developed based on the TVA Design Criteria BFN-
50-C-7306 (Reference 7-7) were utilized during the walkdowns.

Results of in-plant screening walkdown evaluations for the 15 subsystems included in the
MSIV seismic boundary are documented in details in the respective walkdown data
packages (WDP's). Conditions which did not conform to the walkdown screening
guidelines or which were judged by the Seismic Walkdown Team to require further review
were identified and documented as potential outliers in the Potential Outlier Sheet (POS)
which are also included in the WDP’s. A listing of the walkdown data packages with
unique identifier number can be found in Appendix A of this report.

The following sections provide a brief discussion of the walkdown evaluations and
identified open items or potential outliers associated with each of the 15 subsystems.

4.1 Main Steam Drain Line - Turbine Bldg. Main Steam Tunnel (Pkg. 01)

The Main Steam Drain Line, which is the primary MSIV leakage drain path, originates in
the Reactor Building MSIV Vault (Package 03, Section 4.3) and continues through the
Turbine Building Main Steam Tunnel (Package 01, this section). The drain then enters a
guard pipe which is embedded below the slab and crosses below the gap between the
Steam Tunnel and the Turbine Pedestal Structure, continues into the Turbine Structure
and terminates at the main condenser (Package 14, Section 4.14). The Main Steam
Drain Line also has a 4-inch diameter vent line that begins in the Turbine Building Main
Steam Tunnel, rises up to Elevation 593’ and continues through the Turbine Structure to
the south end of Condenser A where it runs down to rejoin the Main Steam Drain Line
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before it enters the condenser (also included in Package 14). The lines are shown on
Flow Diagram 1-47E801-1.

The portion of piping in this package included the Main Steam drain lines in the Turbine
Building Steam Tunnel on Elevation 565', i.e., from the blowout panels at column line N to
just north of column line K. Several potential outliers were identified, as listed below:

Main Steam Drain Taps | 1-1 | Flexibility concerns associated with the MS lines and Drains.
MOV’s 1-FCV-1-57 & 1-2 | Excessive mass and extended valve operators.

1-FCV-1-58

Main Steam and HPCI 1-3 | Flexibility concerns associated with the MS and HPCI Drains.
Drains

Main Steam Bypass 1-4 | Proximity interaction concerns between bypass line and
Drain adjacent 2-way support. .

4.2 Main Steam - Turbine Building (Package 02)

This package includes the four Main Steam Lines (A, B, C & D) inside the Turbine
Building that penetrate from the blowout panels at column line N and terminate at the
Main Steam Stop Valves 1-FCV-1-74, -78, -84 and -88, which are considered as seismic
boundary valves. These lines are shown on Flow Diagrams 1-47E801-1 and 1-47E801-2.
The Main Steam lines come from the outboard MSIV's and are anchored downstream
inside the Reactor Building MSIV vault. These lines are vertically supported by variable
springs along their length until the Stop Valves, which are supported by vertical struts.

Two (2) potential outliers were identified and are listed below:

MS Balancing Header 2-1 | Upper pipe clamp nut is missing.

MS Turbine 2-2 | MS Stop/Control Valves are not covered in the valve
Stop/Control Valves screening criteria, thus, seismic adequacy of these valves
needs to be verified.

Page 4-2 FACILITY RiISK CONSULTANTS, INC.



E3 e
PRACTHTRY,
e T

g, M

- ) Lo
b O Sl A S PR - -
N Dot O i s ST L S SO B e e

4.3 Main Steam Drain Line — Reactor Building Main Steam Vault (Pkg. 03).

Included in this package are the four Main Steam Lines which originate at the containment
penetrations and run to the outboard MSIV's 1-FCV-1-15, -27, -38 and -52, which are
considered as seismic boundary valves. The Main Steam Lines then run to anchors (one
for each line) embedded in a reinforced concrete wall. The lines continue through the
MSIV Vault and enter the Turbine Building through the blowout panel wall. The Main
Steam Piping is shown on Flow Diagram 1-47E801-1. The Main Steam Lines in the MSIV
Vault are seismically analyzed from the containment penetrations to the anchors in the
concrete wall, which are also the only supports for the lines. The Main Steam lines
beyond the anchors were found to be seismically adequate. The only potential outlier
identified during the walkdown relates to the seismic adequacy of the MSIV’s (not
bounded by seismic experience data).

Also included in this package is a single 3-inch diameter steam drain that runs from its
containment penetration through an anchor and to the normally closed outboard
containment isolation valve for Primary Containment steam drains, 1-FCV-1-56, which is a
seismic boundary valve. The piping continues through the Reactor Building MSIV Vault
and exits to the Turbine Building through the blowout panel wall at the north end of the
Vault (Package 04, Section 4.4). This drain line is shown on Flow Diagram 1-47E801-1.
This drain line was found to be seismically adequate.

In the Reactor Building MSIV Vault, the 3-inch diameter drain line is primarily supported
on stanchion supports that provide only vertical restraint and are detailed to accommodate
thermal growth of the piping. Piping and supports in this area are considered to be
acceptable. Valve 1-FCV-1-56 was identified as a potential outlier due to its extended
valve operator not meeting the screening criteria for operator height.

MSIV's 1-FCV-1-15, 3-1 | MSIV ‘s are not covered in the valve screening criteria, thus,
-27, -38 & -52 seismic adequacy of these valves needs to be verified.
MOV 1-FCV-1-56 3-2 | Excessive mass and extended valve operators.
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4.4 HPCVRCIC/Aux. Boiler Drains (Package 04)

HPCI and RCIC Steam Drains route steam leakage from the HPCl and RCIC Steam
Supply Lines to the Main Steam Drain Line in the Turbine Building Steam Tunnel. These
line segments are shown on Flow Diagrams 1-47E812-1, 1-47E813-1, and 1-47E801-1.
The RCIC Steam Drain Line originates in the Northwest corner room of the Reactor
Building (Boundary valve 1-FCV-071-06B) and is routed over the top of the Torus to its
connection into the HPCI Steam Drain Line just below the penetration through the floor
into the MSIV Vault. The HPCI Steam Drain Line starts in the HPCI room (Boundary
valve 1-FCV-073-06B) and is routed above the Torus to the point where it penetrates the
floor into the MSIV Vault. Both drains have branches near their points of origin that lead
from Auxiliary Boiler Drain piping. The Auxiliary Boiler piping is shown on Flow Diagrams
0-47E815-1 and 1-47E815-3. The normally closed manual isolation valves (1-12-824,
1-12-635/637 and 1-12-623/625) that serve as the seismic verification boundary for the
Auxiliary Boiler drains are located in the HPCI room and the Northwest corner room of the
Reactor Building. These drain lines were found to be generally well supported in these
areas.

From the penetration above the Torus through the floor of the Reactor Building MSIV
Vault, the HPCI piping is routed through the MSIV Vault and into the Turbine Building
Steam Tunnel through the blowout panels. The HPCI Steam Drain continues alongside
the Main Steam Drain to the point where it connects with the Main Steam Drain between
valves 1-FCV-1-58 and -59. The HPCI piping is supported throughout the MSIV Vault and
the Turbine Building Steam Tunnel on floor-mounted, custom-fabricated supports which
act as horizontal and vertical rigid restraints and are detailed to accommodate thermal
growth of the piping.

Several potential outliers were identified on these drain lines. Conditions include pipe
overspan, support deficiencies, proximity interactions and piping flexibility issues, as listed
below:

RCIC Drain 441 Excessive pipe overspan condition.

RCIC Drain 4-2 | Pipe support with questionable capacity.

Aux. Steam Boiler Drain 4-3 | Missing rod hanger hardware (eye nut).
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HPCI Drain 4-4 | Multiple pipe overspan conditions on the 1"é drain line.

HPCI Line 4-5 | Multiple pipe overspan conditions on the 2" line.

HPCI Line and 4-6 | Proximity interaction of the 2"¢ HPCI line and the valve.
Valve 1-73-222

HPCI Drain 4-7 | Several floor-mounted supports were noted to be damaged

(potentially due to thermal effects), Also, anchor bolt
spacing violations on these typical supports.

HPCI Drain 4-8 | Flexibility concern on 2"é HPCI line due to differential
displacement between RB and TB

4.5 Main Steam Pressure Transmitters PT 1-72, 76, 82, 86 & 93 (Pkg. 05)

The Main Steam Pressure Transmitters which tap off from the four Main Steam Lines
upstream from the Main Steam Manifold (Balancing Header) and downstream from the
Stop Valves are shown on Flow Diagram 1-47E801-2. The instrument lines to the
pressure transmitters are routed on 1/2-inch diameter stainless steel piping from the pipe
taps off the Main Steam Lines and the Manifold passing under the steel grating at
Elevation 606'-3" in the Turbine Building to a penetration through the south wall of the -
area. The piping then runs to Instrument Racks 1-25-112 and 1-25-113C located on the
south corridor of the Turbine Building at Elevation 586'.

Support configurations underneath the steel grating are generally rigid, consisting of strut
channel welded to the underside of the grating beams. As such, several potentiél outliers
were identified on these lines, mainly due to the limited flexibility in the piping and support
configuration to accommodate the Main Steam header movements, as evidenced from the
loose or missing clamps on the existing strut channel supports, broken overhead welds,
and bent pipes noted during the walkdown. The identified potential outliers are tabulated
below.

SS Piping to 1-PT-1-72 5-1 | Overspan conditions for both lines. Also, flexibility issue exists
& -76 on piping to 1-PT-1-72.

SS Piping to 1-PT-1-82 | 5-2 | Overspan conditions due to broken weld on the support and
missing clamps.

SS Piping to 1-PT-1-86 | 5-3 | Overspan conditions due to broken weld on the support and
loose clamp.

SS Piping to 1-PT-1-86 | 5-4 | Flexibility concern on ¥2"$ piping.
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SS Piping to PT 1-93 5-5 | Overspan condition due to broken support.

SS Piping to PT 1-93 5-6 | Flexibility concern on ¥2"é piping along the wall.

4.6 Main Steam Sample Lines to Sampling Station (Package 06)

The Main Steam Sample Lines tap off from each of the four Main Steam Lines upstream
of the Main Steam Stop Valves. The lines are shown on Flow Diagram 1-47E801-1 and
Mechanical Contro! Diagram 1-47E610-43-1. The sample lines begin as a 1-inch
diameter piping and transition to one-half-inch diameter tubing. The tubing is routed
through the Turbine Building and exits the area through the south wall to Instrument Rack
1-25-149 in the Turbine Building south corridor, Elevation 586’. On the rack, the four
tubes connect into a single tube with three branches. Seismic verification boundary
valves 1-43-631 and 1-43-631A terminate two of the branches on the rack. One one-
quarter-inch diameter tube runs from the rack through the constant temperature bath and
on to the grab sample station and normally closed valve 1-43-632. The tubing is typically
supported with tubing clamps attached to strut channels mounted to the wall.

Also included in this package are the Pressure Sensing lines for PT-16A and B which tap
off from the 1-inch diameter piping taps for the Steam Line A sample lines. This piping
transitions to tubing and runs west into the Turbine Lube Oil Pump area. The transmitters
are attached to wall-mounted steel plate bracket supports and are enclosed by a mesh
cage. The tubing lines are adequately supported using U-bolts and fabricated steel angle
brackets mounted to the wall with expansion anchors.

Four (4) potential outliers were identified which include unanchored terminal equipment,
broken support potentially due to inadequate pipe flexibility, and support hardware
deficiencies. These potential outliers are tabulated below.

Sample Line A 6-1 | Missing tubing clamp.

Sample Station 6-2 | Unanchored constant temperature bath cabinet.

Sample Line Ato 1-PT- | 6-3 | Flexibility concerns on sample lines to 1-PT-1-16A/B, involving
1-16A/B broken support.

Sample Line Ato 1-PT- | 6-4 | Missing nuts on U-bolt support.

1-16A/B
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4.7 Main Steam Bypass (Package 07)

The Main Steam Bypass Valve Chest is located on a loop from the Main Steam Header
upstream of the Stop Valves. The Bypass Valves and piping are shown on Flow Diagram
1-47E801-2. This package includes only the portion of Main Steam piping from the Main
Steam Manifold to and including the Bypass Valve chest assembly which is a seismic
boundary valve (1-FCV-1-61 to -69). The bypass valve chest is supported with trapeze
spring hangers on each end of the valve assembly. An outlier pertaining to the seismic
adequacy of the Main Steam Bypass Valve was identified, as listed below.

MS Bypass Valve 7-1 | MS Bypass valve chest is not covered in the valve screening
Assembly criteria, thus, its seismic adequacy needs to be verified.

4.8 Main Steam Stop Valve Above Seat Drains (Package 08)

The 1-inch diameter Main Steam Stop Valve Above Seat Drains originate at each of the
four stop valves and are shown on Flow Diagram 1-47E807-1. The drains run down
through the stop valve platform grating at Elevation 601'-6” and continue east to the four
verification boundary valves (1-FCV-6-100 through -103) under the east end of the
platform. The piping is typically supported with rod hangers attached from steel angle
members welded to the platform steel. The verification boundary valves have operators
which are independently supported by rod hangers to the platform supporting beam.

Several potential outliers were identified for this system; one has to do with proximity
interaction concern and the rest are maintenance items. The potential outliers are
tabulated below.

1-FCV-6-101, -102 & 8-1 | Proximity interactions of valve yokes and beam.
-103

SV-D Above Seat Drain | 8-2 | Broken pipe strap on support.

Piping

1-FCV-6-100 8-3 | Broken flex conduit connection to operator.
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4.9 Main Steam to Steam Seal Regulator (Package 09)

Steam is taken from the west side of the Manifold between the Stop and Bypass valves
and routed to the Steam Seal Feed valves. The line is shown on Flow Diagrams
1-47E801-2 and 1-47E807-2. This package includes the 4-inch diameter steam line off
the Manifold to the air operated pressure control/relief valve 1-PCV-1-147 (Steam Seal
Regulator) and the normally closed motor operated isolation valves 1-FCV-1-145 (Steam
Seal Bypass Valve) and 1-FCV-1-154 (Aux. Steam Isolation Valve) which are all
considered as seismic boundary valves. Air instrumentation line for valve 1-PCV-1-147
routed to Panel 1-25-102 located along the west corridor wall at Elevation 617’ of the
Turbine Building is also included in this package.

Several potential outliers were identified during the walkdown of this system, including
valve performance issues, piping overspan, pipe flexibility and falling interaction concemns.
The potential outliers are listed below.

.................................................

Overspan condition on the 4" MS line to the supply to steam

1-FCV-1-146 seal MOV 1-FCV-1-146,

Main Steam to 9-2 | Loose rod hanger eye nuts and disengaged rod.
1-FCV-1-146

1-PCV-1-147 Air Tubing | 9-3 | Inadequate flexibility for air line connected to the top of valve.
1-PCV-1-147 9-4 | Falling interaction concern from nearby block wall at El. 617,
Instrumentation

1-PCV-1-147 9-5 | Extended valve operator.

1-FCV-1-146, -145 & 9-6 | Extended valve operator, and substantial operator weight.
-154

4.10 Steam Supply to RFP Turbines (Package 10)

Steam is taken from the east side of the Manifold between the Stop and Bypass valves
and routed to the turbine drives for the Reactor Feed Pumps at Elevation 617'. The lines
are shown on Flow Diagrams 1-47E801-2 and 1-47E807-2. The 6-inch pipe runs below
the turbine operating deck from the Main Steam line and penetrates up through the
turbine deck (El. 617') where it branches to 4-inch diameter and into the RFP rooms (A B
& C). The line reduces to 3-inch diameter and continues back down through the turbine
deck floor penetration to the SJAE's (Package 11, Section 4.11) and Off-Gas Preheaters
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(Package 12, Section 4,12). The line is typically supported on one-way stanchion
supports which are susceptible to sliding off the supports during a DBE seismic event.

The 4-inch branch lines that enter into the RFP rooms terminate at the respective RFP
Turbine HP Stop Valves, 1-FCV-6-127, -135 and -143 (RFP-A, -B and -C), which are
seismic boundary valves. In addition, HP Stop Valve Above Seat Drain Valves 1-FCV-6-
122, -127 and -132, as well as HP Steam Isolation Valves 1-FCV-6-153, -155 & -157 are
also considered as seismic boundary valves. Instrument tubing to Panels 1-25-100A and
1-25-101B located on the turbine deck are also included in this package.

As such, several supports on the line were identified as potential outliers for further
evaluation of the as-installed configuration. Other potential outliers identified include
piping overspan, large in-line masses, and seismic interaction concems. Potential outliers
for this system are tabulated below.

Steam Supply Line 10-1 | Stanchion supports for the steam supply header at EI. 617
(Total of 6).

1 support for the 6" line near H/T4;
2 supports for the 3"¢ line near D/T4; and
1 support for each of the 4"é branch line to RFP Turbine

compartments. .
Steam Supply Line 10-2 | Turbine Bldg. overhead crane.
RFP Stop Valve Above | 10-3 | Valve operators with large eccentric mass on ¥2"é and %"é
Seat Drains lines.
Tubing to PI 1-134 10-4 | Missing or broken clamps (2 places) on tubing to Pl 1-134.
Also, tubing is bent and sagging.
Steam Supply Line 10-5 | Missing nut on rod hanger support.
Steam Supply Line 10-6 | Overspan conditions on the 6" steam supply line.

4.11 Steam Supply to Steam Jet Air Ejectors (Package 11)

The Steam Supply line to the Steam Jet Air Ejectors (SJAE's) is shown on Flow Diagram
1-47E801-2. The portions of piping included in this package begin with the 3-inch Steam
Supply line that drops from the turbine deck floor penetration near column lines T3 and D
(past RFP rooms, refer to Section 4.10 above), runs north along the Off-Gas pipe chase,
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branches eastward into the SJAE rooms and terminate at the seismic boundary valves
1-PCV-1-151 & -166 in SJAE Room A and 1-PCV-1-153 & -167 in SJAE Room B.

Potential outliers identified for this package, consist of mainly piping overspan on 1-inch
diameter steam drains, are listed below.

SJAE's 1A& 1B 11-1 | Need to verify the seismic adequacy of SJIAE anchorage.
MOV 1-FCV-6-114 11-2 | Broken flex conduit connection to valve motor operator.
MS Supply to SJAE's 11-3 | Overspan condition on the 3"é supply line.

MS Supply Drain at 11-4 | Overspan condition on the 1" steam supply drain line
SJAE 1B downstream of 1-FCV-1-114.

Steam Trap Drain at 11-5 | Overspan condition on the 1"é steam trap drain between 1-
SJAE 1A FCV-1-172 and 1-PCV-1-166.

Steam Trap Drain at 11-6 | Overspan condition on the 1"é steam trap drain between 1-
SJAE 1B FCV-1-173 and 1-PCV-1-167.

4.12 Steam Supply to Off-Gas Preheaters (Package 12)

The Steam Supply line to the Off-Gas Preaheaters is also shown on Flow Diagram
1-47E801-2, and is a continuation of the same steam supply line from RFP’s and SJAE’s
above. The portion of piping included in this package consists of the 2-inch diameter line
(reduced from the 3-inch diameter past the SJAE's) along the Off-Gas pipe chase and
enters eastward into the Off-Gas room through a masonry block wall. It is to be noted that
new manual isolation valves 1-SHV-1-741 & -743 and check valves 1-CKV-1-742 & -744
will be installed in Unit 1 per DCN 51112, consistent with the modifications performed for
Units 2 and 3 as part of their MSIV seismic ruggedness programs. These new sets of
valves are now the boundary points for the Off-Gas Preheaters.

The only potential outlier for this package, conceming the seismic falling interaction
between the piping and its components and the nearby masonry block wall, will then be
resolved by this plant modification.

Steam Supply Lines to 12-1 | Lines penetrate into the Off-Gas Preheater room through
Off-Gas Preheaters masonry block wall.
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4.13 SJAE’s Drain to Condenser (Package 13)

The Steam Jet Air Ejectors (SJAE’s) drain to Condenser is shown on Flow Diagrams
1-47E801-2 and 1-47E805-3. The drains originate in the SJAE rooms, at boundary valves
1-6-826 & 1-6-822 downstream of the SJAE's in Rooms A and B, respectively, and tie
back into a single 1-1/2 inch diameter line which is routed through the Off-Gas pipe chase
and connects into an 8-inch diameter collector pipe that is directly attached to the
Condenser 1C shell. The collector pipe has several other drain lines attached to i, thus it
was considered to be a potential outlier.

SJAE's Drain to 13-1 | Drain to condenser ties into a multi-system collector.
Condenser 1C

4.14 Main Steam Drain Line (Turbine Building) to Condenser (Pkg. 14)

This package includes the 4-inch diameter Main Steam Drain line downstream of normally
closed motor operated 1-FCV-1-59 on Elevation 565’ in the Steam Tunnel which is the
primary drain path to the Condenser. Past valve 1-FCV-1-59, the MS drain line drops into
a small pipe chase, turns north and enters an 8-inch diameter guard pipe that is
embedded below the slab. The drain line and the guard pipe continue under the gap
between the Steam Vault and the Turbine Structure and re-enter the Turbine Building in
the Moisture Separator Level Control Reservoir Room. Since the drain line runs through
the guard pipe at ground level, differential building displacements will be minor and, based
on a review of drawings, adequate flexibility has been provided to accommodate the
movements. The guard pipe ends at the room wall and the drain line runs through the
room, exits through the north wall into the condenser bay and then enters Condenser 1A.

Also included in the package is a 4-inch vent line which branches off the above mentioned
4-inch diameter MS drain between valves 1-FCV-1-58 and -59 and rises up to Elevation
593" where it crosses the building separation between the Turbine Building Steam Vault
and the Turbine Pedestal Structure. The vent line has adequate flexibility to
accommodate anticipated differential seismic displacements between the two structures.
The vent line continues on to the south end of Condenser 1A and runs down the gap
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between the concrete structure and the condenser before connecting back to the 4-inch
MS drain prior to its entering the Condenser 1A.

The above lines are shown on Flow Diagram 1-47E-801-1. Support systems for these
lines in the Turbine Building are representative of commercial design practice and were
determined to be adequate during the walkdown. Potential outliers associated with this
package are tabulated below.

Main Steam Drain Line | 14-1 | Spring hanger rod detached from 4"é drain line.
to Condenser 1A

1-FCV-1-59 14-2 | Broken flex conduit connection at base.
1-FCV-1-59 14-3 | Valve operator (motor) in close proximity to the side rail of
steel ladder. ;

4.15 Condenser (Package 15)

Condensers are the ultimate heat sink for the MSIV alternate leakage treatment drain
path. The Main Condenser anchorage was reviewed during the walkdown. Each of the
three Condensers is mounted on five concrete pedestals, four at the corners and one in
the center of the condenser. The concrete pedestals were observed to be in good
condition. Confirmation of the condenser seismic capacity and anchorage adequacy is
required to ensure its structural integrity during a DBE seismic event.

Condensers 1A, 1B & 15-1 | Need to verify the seismic adequacy of the condenser and its
1C anchorage configurations.
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4,16 Summary of MSIV Seismic Walkdown Evaluations

A total of fifty-four (54) potential outliers were identified for further evaluation and
resolution from the seismic walkdown of the above 15 subsystems under BFN-1 MSIV
seismic ruggedness verification program.

Detailed description of the potential outlier conditions, including as-built data, sketches
and/or photos are documented in the corresponding walkdown data packages (WDP's) for
the respective plant areas. A listing of all walkdown data packages generated under the
BFN-1 MSIV seismic ruggedness verification program is provided in Appendix A.
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5. POTENTIAL OUTLIER RESOLUTION

Potential outliers identified during the in-plant screening walkdowns, as documented in
the respective Potential Outlier Sheet (POS) and tabulated in Table 4-1, were further
evaluated for appropriate resolution. Further evaluations and bounding analyses of
these potential outliers consisted of hand calculations using basic engineering
mechanics techniques for simple configurations, and rigorous piping analyses using
TPIPE computer program (Reference 7-11) for more complex piping configurations.

Qutlier evaluation guidelines and acceptance criteria are discussed in Section 5.1
below. Results of the outlier evaluation are summarized in Section 5.2.

5.1 Outlier Evaluation Guidelines

Conditions which do not meet the above in-plant screening guidelines or which were
judged by the Walkdown Team members to require further reviews are documented as
*Potential Outliers". Technical bases and methods used for further analysis and
evaluation of these potential outliers are based on industry standard engineering
practices, and are consistent with those recommended in BWROG Report GE NEDC-
31858P (Reference 7-1), Generic Implementation Procedure (GIP, Reference 7-3) and
TVA Design Criteria BFN-50-C-7306 (Reference 7-7), as applicable. Realistic effects of
non-linear behavior due to design features and phenomena such as proximity impact
with other plant features, interferences and smali clearances to stiff structures,
geometric restoring forces, wall penetration sealants, and support ductile behavior are
considered in the analysis as appropriate.

5.1.1 Seismic Demand

Turbine Building at Browns Ferry Nuclear Plant is classified as a Class Il structure per
BFN FSAR (Reference 7-11). As such, no dynamic response analysis was performed
for the building. The building below the operating floor (El. 617 ft.) is a reinforced
concrete framed structure supported on steel H-piles to bedrock. The superstructure
above the operating floor consists of welded steel rigid braced frames. As a Class Il
structure, Turbine Building was designed to seismic zone 1 and a wind speed of 100
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mph per Uniform Building Code (Reference 7-13), utilizing industry-standard design
guidelines such as AISC (Reference 7-14) and ACI (Reference 7-15).

Majority of the MSIV altemnate leakage treatment piping and associated components
within the MSIV seismic verification boundary, including the condensers, are located in
the Turbine Building. Since no in-structure response spectra were available for the
Turbine Building, horizontal seismic demand for components located within about 40
feet of the Turbine Building effective grade elevation (El. 568 ft.) is taken as the BFN 5%
damped design basis DBE input spectrum (0.2g) scaled by 1.6 for soil amplification per
BFN FSAR (Reference 7-11), and 1.5 for building amplification per GIP (Reference 7-3).
For components located above 40 feet of the Turbine Building effective grade elevation,
an additional amplification factor of 1.5 is conservatively applied. In the vertical
direction, seismic demand is taken as 2/3 that of the horizontal direction, with a soil
amplification factor of 1.1 instead of 1.6 per BFN FSAR (Reference 7-11).

5.1.2 Equipment Anchorage Acceptance Criteria

Unanchored, unrestrained, marginally or inadequately anchored equipment components
identified as potential outliers are subject to further evaluations. Anchorage capacities
are based on those provided in Appendix C of the Generic Implementation Procedure
(GIP) for Seismic Verification of Nuclear Plant Equipment (Reference 7-3) with
appropriate reduction factors as applicable. Piping and tubing attached to equipment
components with flexible support systems, such as vibration isolators, are evaluated for
seismic anchor movement.

5.1.3 Pipe Support Acceptance Criteria

Pipe support anchorage loads are verified against capacities as provided in Appendix C
of the GIP (Reference 7-3). Support components that may exhibit non-ductile behavior
are accepted based the following stress allowables:

Flexural and tensile stresses: lesserof 0.7 Sy,and 1.2 S,
Shear stresses: lesserof 0.42 S, and 0.72 S,
Bolt stresses: greater of 0.7 S, and minimum specified S,
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Where, S, is the material's ultimate strength
S, is the material's yield strength

When test data are available, acceptable loads based on test data consider mean less
one standard deviation capacity.

Pipe supports not meeting the above criteria may be accepted if adjacent supports and
the resulting pipe span can resist dead foads with a factor of safety of 2.0. In-plant
considerations regarding other consequences of support failure such as falling and
excessive deflection are made when using this provision.

5.1.4 Pipe Stress Acceptance Criteria

Pipe stresses induced by the combination of normal operating loads (dead load and
pressure) and seismic loads (DBE inertial loads and DBE seismic anchor movements)
are limited t0 2.0 S. )

Majority of the piping and components within the MSIV seismic verification boundary are
associated with the Main Steam system which is high energy (i.e., high pressure and
temperature), thus the effects from these loads may be significant. Although most
piping within the seismic boundary are typically supported by rod hangers, thermal
effects are included in the evaluations when judged to be significant, as in the case of
rigid support systems, or when addressing proximity interaction and piping flexibility
issues.

5.2 Outlier Evaluation Results

Results of further evaluations and analyses to resolve the identified potential outliers are
presented in Table 5-1 by the designated subsystems. A listing of the calculation
packages associated with further evaluations and bounding analyses of potential
outliers identified under the BFN-1 MSIV seismic ruggedness verification program is
provided in Appendix B of this report.

For those outliers not meeting the evaluation acceptance criteria as described in the
above Section 5.1, plant modifications are designed in accordance with TVA Design
Criteria BFN-50-C-7306 (Reference 7-7) and implemented accordingly to resolve these
outlier conditions. Other miscellaneous maintenance and/or housekeeping items are
resolved through the issuance of work orders. Discussions of the plant modifications
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including general maintenance and/or housekeeping items are presented in Chapter 6

of this repont.
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TABLE 5-1

OUTLIER RESOLUTION SUMMARY

BFN-1 MSIV SEISMIC RUGGEDNESS VERIFICATION PROGRAM

1.0 Mafn Steam Drain Line — Turbine Bldg. Main Steam Vault

As-installed configurations were evaluated and found

line and adjacent 2-way support.

Main Steam Drain Taps 1-1 | Flexibility concems associated with the MS [ines
, and Drains. to be acceptable per calculation.
MOV s 1-FCV-1-57 & 58 1-2 | Excessive mass and extended valve operators, As-installed configurations were evaluated and found
to be acceptable per calculation.
Main Steam and HPCI Drains 1-3 | Flexibility concems associated with the MS and As-installed configurations were evaluated and found
HPC| Drains. to be acceptable per calculation.
Main Steam Bypass Drain 1-4 | Proximity interaction concems between bypass As-installed configurations were evaluated and found

to be acceplable per calculation.

2.0 Main Stearn Lines — Turbine Bldg.

MS Balancing Header

2-1

Upper pipe clamp nut is missing.

Work order 98-001447-001 has been in place. (WO)

MS Turbine Stop/Control Valves

2-2

MS stop/control valves are not covered in the
valve screening criteria, thus, seismic adequacy
of these valves needs to be verified.

Seismic adequacy of these valves is presented in a
calculation.

3.0 Main Steam Drain Line — Reactor Building MSIV Vault

MSIV'’s 1-FCV-1-15, 27,38 &52 | 3-1 | MSIV ‘s are not covered in the valve screening Seismic adequacy of these valves is presentedin a
criteria, thus, seismic adequacy of these valves calculation.
needs lo be verfied.

MOV 1-FCV-1-56 3-2 | Excessive mass and extended valve operators. As-installed configurations were evaluated and found

{o be acceptable per calculation.

4.0 HPCI/RCIC/Aux. Boiler Drains

the valve,

RCIC Drain 4-1 | Excessive pipe overspan condition. Overspan condition found to be unacceptable by
calculation. Additional support to be installed per
calculation, (M)
RCIC Drain 4-2 | Pipe support with questionable capacity. Pipe support OK per calculalion.
Aux. Steam Boiler 4-3 | Missing rod hanger hardware (eye nut), Issue work order to re-install the missing nut. (WO)
HPCI Drain 4-4 | Multiple pipe overspan condmons onthe 1" As-installed configurations were evaluated and found
drain line. to be acceptable per calculation.
HPCl Line 4-5 | Multiple pipe overspan conditions on the 2°'¢ As-installed configurations were evaluated and found
line. to be acceptable per calculation.
HPCI Line and Valve 1-73-222 4-6 | Proximity interaction of the 2°¢ HPCl line and As-installed configurations were evaluated and found

to be acceplable per calculation.
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TABLE 5-1 (CONT’D)

OUTLIER RESOLUTION SUMMARY
BFN-1 MSIV SEISMIC RUGGEDNESS VERIFICATION PROGRAM

Seismic Issue’;

No:

4.0 HPCYRCIC/Aux. Boiler Drains (c

ont'd)

HPC! Drain 4-7 | Several floor-mounted supports were noted to v Existing support anchorage capacities are adequale per.
be damaged (potentiaily due to thermal effects). calculation, However, the damaged supports located
Also, anchor bolt spacing violations on these just passed the blowout panel needs to be repaired and
typical supports. longer fugs are required to avoid pipe from sliding off
the existing supports due to thermal movements. (M)
Use 3" thermal movement as a guide for the design of
support mods.
HPCI Drain 4-8 | Flexibility concem on 23 HPCl line due to v As-installed configurations were evaluated and found to
differential displacement between RB and TB be acceptable per calculation.
5.0 MS PT 1-72, -76, -82, -86 & -93

SS Tubing to 1-PT-1-72 & 76 5-1 | Overspan conditions for both lines. Also, vy v Replace existing support at N-end with rod hanger, and
flexibility issue exists on tubing to 1-PT-1-72. add new rod hanger support at S-end. (M)

SS Tubingto 1-PT-1-82 5-2 | Overspan conditions due to brokenweldonthe | v | V' Replace both existing supports at N- and S-ends with
support and missing clamps. rod hangers. (M)

SS Tubing to 1-PT-1-86 5-3 | Overspan conditions due to brokenweldonthe | v | ¥ Replace both existing supports at N- and S-ends with
support and loose clamp. rod hangers. (M)

SS Tubing to 1-PT-1-86 5-4 | Flexibility concem on 12"é tubing. N PER 04-000616-000 was generated to identify the
required work order to remove existing clamp on
support. (WO)

SS Tubing to PT 1-93 5-5 | Qverspan condition due to broken support. MK Replace existing support with rod hanger. (M)

SS Tubing to PT 1-93 56 | Flexibility concem on %"é tubing along the wall. | | . v PER 04-000616-000 was generated to identify the
required work order to remove existing clamp on the
spacer support. (WO)

6.0 Main Steam Sample Lines to Sampling Station

Sample Line A 6-1 | Missing tubing clamp. v PER 04-000616-000 was generated to identify the
required work order to re-install the missing clamp.
(WO)

Sample Station 6-2 | Unanchored constant temperature bath cabinet. | Provide positive anchorage to the cabinet. (M)

Sample Line Ato 1-PT-1-16A/B 6-3 | Flexibility concems on sample lines to 1-PT-1- VIV Replace existing wall-mounted support with rod

16A/B, involving broken support. hangers. (M)

Sample Line A to 1-PT-1-16A/B 6-4 | Missing nuts on U-bolt suppott. v PER 04-000616-000 was generated to identify the

required work order to re-install the missing nuts. (WO)
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TABLE 5-1 (CONT'D)

OUTLIER RESOLUTION SUMMARY
BFN-1 MSIV SEISMIC RUGGEDNESS VERIFICATION PROGRAM

Seismic Issue®

MS Bypass Valve Assembly 7-1 | MS Bypass valve chest is not covered in the Y | Seismic adequacy of the bypass valve assembly is
valve screening criteria, thus, its seismic presented in a calculation.
adequacy needs to be verified.
8.0 MS Stop Valve Above Seat Drains

1-FCV-6-101, -102 & -103 81 | Proximity interactions of valve yokes and beam. N As-installed configurations were evaluated in a
calculation. Valves 101 & 102 were found to be OK
as-is, but not for valve 103. Initiate work request to
cope the bottom flange of the WF beam supporting the
steel grating at El. 601'-6". (WO)

Note that a lateral (E-W) clearance of 3° minimum
should be provided to preclude potential seismic
_impact between the valve and nearby platform steel.

SV-D Above Seat Drain Piping 8-2 | Broken pipe strap on support. PER 04-000616-000 was generated to identify the
required work order to replace broken pipe strap.
(WO)

1-FGV-6-100 8-3 | Broken flex conduit connection to operator. v | PER 04-000617-000 was generated to identify the
required work order to repair broken flex conduit.
(wo)

9.0 Steam to Steam Seal Regulator

Main Steam to 1-FCV-1-146 91 | Overspan condition on the 4'¢ MS line to the V|V As-installed configurations were evaluated and found

supply to steam seal MOV 1-FCV-1-146. . to be acceptable per calculation.

Main Steam to 1-FCV-1-146 9-2 | Loose rod hanger eye nuts and disengaged rod. | ¥ | PER 04-000616-000 was generated to identify the
required work orders (2) to correct rod hanger
hardware deliciencies. (WO)

1-PCV-1-147 Air Tubing 9-3 | Inadequate flexibility for air fine connected to N As-installed configurations were evaluated and found

the top of valve. to be acceptable per calculation.

1-PCV-1-147 Instrumentation 9-4 | Falling interaction concem from nearby block Vi Re-route tubing and protect instrumentation panel, as

wall at EL. 617 necessary, {o preclude falling interactions. (M)
1-PCV-1-147 9-5 | Extended valve operator. V | As-installed configurations were evaluated and found
to be acceptable per calculation.

1-FCV-1-146, 145 & 154 96 | Extended valve operator, and substantial vV | As-installed configurations were evaluated and found

operator weight. to be acceptable per calculation.
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TABLE 5-1 (CONT'D)

OUTLIER RESOLUTION SUMMARY

BFN-1 MSIV SEISMIC RUGGEDNESS VERIFICATION PROGRAM

sterm: Desc INO
10.0 Steam FP Turbines
Steam Supply Line 10-1 | Stanchion supports for the steam supply header Modify existing stanchion supports for the postulated -
at E1. 617" (Total of 6). DBE seismic movements. A total of 3 supports require
1 support for the 674 line near H/T4; modifications — one in the S-end (H/T4) and twoin the
2 supports for the 3"4 line near D/T4; and N-end (D/T4) of the steam supply header at the
1 support for each of the 4’4 branch line to RFP Turbine deck, EI. 617. Note that simifar type supports
Turbine compariments. inside each of the RFP Turbine rooms are OK as-is.
(M)
Steam Supply Line 10-2 | Turbine Bldg. overhead crane. Resolved per calculation,
RFP Stop Valve Above Seat 10-3 | Valve operators with large eccentric mass on As-installed configurations were evaluated and found
Drains . 14"6 and 34" lines. to be acceptable per calculation.
Tubing to Pl 1-134 10-4 | Missing or broken clamps (2 places) ontubing | V PER 04-000616-000 was generated to identify the
to P 1-134, Also, tubing is bent and sagging. required work order to re-install tubing clamps and
repair bent tubing. (WO)
Steam Supply Line 10-5 | Missing nut on rod hanger support. v PER 04-000616-000 was generated to identify the
required work order to re-install the missing nut. (WO)
Steam Supply Line 10-6 | Overspan conditions on the 6°¢ steam supply v As-installed configurations were evaluated and found
line, to be acceptable per calculation,
11.0 Steam Supply to SJIAE's :
SJAE's1A & 1B 11-1 | Need to verify the seismic adequacy of SJAE ) Seismic adequacy of SJAE anchorage was verified per
anchorage. calculation.
MOV 1-FCV-6-114 11-2 | Broken flex conduit connection to valve motor PER 04-000617-000 was generated to identify the
operator. required work order to repair the broken flex conduit
connection to valve motor operator. (WO)
MS Supply to SJAE’s 11-3 | Overspan condition on the 3" supply line. N As-installed configurations were evaluated and found
to be acceptable per calculation.
MS Supply Drain at SJAE 1B 11-4 | Overspan condition on the 1’3 steam supply v As-installed configurations were evaluated and found
drain line downstream of 1-FCV-1-114, to be acceptable per calculation.
Steam Trap Drain at SJAE 1A 11-5 | Overspan condition on the 1"6 steam trap drain | v Overspan condition was found to be unacceptable per
between 1-FCV-1-172 and 1-PCV-1-166. calculation. Add a new support near T4 wall (rod
hanger). (M)
Steam Trap Drain at SUAE 1B 11-6 | Overspan condition on the 1"¢ steam trap drain | ¥ Overspan condition was found to be unacceptable per
between 1-FCV-1-173 and 1-PCV-1-167, calculation. Add a new support near T4 wall (rod
hanger). (M)
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TABLE 5-1 (CONT’D)

OUTLIER RESOLUTION SUMMARY
BFN-1 MSIV SEISMIC RUGGEDNESS VERIFICATION PROGRAM

Seismic Issue”:;

scripti iNo
12.0 Steam Supply to Off-Gas Preheaters
Steam Supply Lines to Off-Gas 12-1 | Lines penetrate into the Off-Gas Preheater v Re-route pipes to preclude falling interactions. Note
Preheaters room through masonry block wall. that pipe re-routing will be done in conjunction with

the installation of new isolation valves (1-SHV-1-741
& 743 and 1-CKV-1-742 & 744) under DCN 51112,

M)
18.0 SJAE'’s Drain to Condenser
SJAE's Drain to Condenser 1C 13-1 | Drain to condenser lies into a multi-system Re-route drain line to achieve a direct path to
collector. condenser. (M)
14.0 Main Steam Drain Line to Condenser .
Main Steam Drain Line to 14-1 | Spring hanger rod detached from 4"6 drain line. | v PER 04-000616-000 was generated to identify the
Condenser 1A required maintenance work order to re-connect the
detached rod to pipe. (WO)
1-FCV-1-59 14-2 | Broken flex conduit connection at base. v | PER 04-000617-000 was generated to identify the
required work order to repair broken flex conduit.
(WO)
1-FCV-1-59 14-3 | Valve operator (motor) in close proximity to the v As-installed configurations were evaluated and found
side rail of steel [adder. to be unacceptable per calculation. Valve should be

re-oriented with about 6” clearance to the nearest
fixed structure to the north. (M)

Note that the 4’6 MS drain and vent pipes are to be
replaced under DCN 51112. As such, provide 6”
clearance when installing the new pipes.

15.0 Condensers

Condensers 1A,1B & 1C 15-1 | Need to verify the seismic adequacy of the N Condenser and its anchorage configurations were
condenser and its anchorage configurations. evaluated and found to be acceptable per calculation.

* Seismic Issue Notations:
A = Anchorage/Support Capacity; F = Failure/Falling Interaction; P = Proximity & Impact; D = Differential Displacement; V = Valve Screening & Performance

Note: Items that require engineering design modifications are listed as (M), and are to be resolved by various DCN's.
Items that require resolution by work order requests as listed as (WO).
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6. SUMMARY AND RECOMMENDATIONS

A total of fifty-four (54) potential outliers were identified in the MSIV seismic ruggedness
verification walkdown for BFN-1. Majority of these potential outliers were resolved by
performing further analyses and evaluations to the acceptance criteria of TVA Design
Criteria BFN-50-C-7306 (Reference 7-7). For the remaining outliers that did not meet
the above evaluation criteria, plant design modifications are developed for appropriate
resolution. In addition, work requests are initiated for those outliers that fall into the
general category of maintenance and housekeeping items, such as missing support
hardware, broken parts, proximity interaction and flexibility concemns and others. Table
6-1 presents a summary of the BFN-1 MSIV seismic ruggedness verification program.

6.1 Plant Modifications

Plant design modifications are developed for outliers not meeting the acceptance
requirements of TVA Design Criteria BFN-50-C-7306 (Reference 7-7). Design
modifications ranged from simple support hardware modifications to addition of new
pipe supports, rerouting of piping and others. A total of fifteen (15) plant design
madifications were implemented for the resolution of these MSIV seismic ruggedness
outliers. A brief description of each of the plant modifications is provided in Table 6-2.

Engineering designs of the plant modifications are documented in various calculation
packages listed in Appendix C of this report. These plant modifications will be
implemented under several Design Change Notices (DCN’s 51112, 51669, and 51126).

6.2 Maintenance and Housekeeping ltems

In addition to the plant modifications discussed in Section 6.1 above, a total of fifteen
(15) miscellaneous maintenance and housekeeping items were identified for appropriate
actions and resolution. These maintenance items, along with a brief description, are
tabulated in Table 6-3. These items will be disposed through maintenance work
requests.
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TABLE 6-1

Summary of BFN-1 MSIV Seismic Ruggedness Verification Program

1 MS Drain Line — Turbine Bldg. Main Steam Tunnel 4 0 0
2 MS Lines — Turbine Bldg. 2 0 1
3 MS Drain Line — Reactor Bldg. Main Steam Vault 2 0 0
4 HPCI/RCIC/Aux. Boiler Drains 8 2 1
5 . MS Pressure Transmitters PT 1-72, 76, 82, 86 & 93 6 4 2
6 MS Sample Lines to Sampling Station . 4 2 2
7 MS Bypass 1 0 0
8 MS Stop Valve Above Seat Drains 3 0 3
9 MS to Steam Seal Regulator 6 1 1
10 Steam Supply to RFP Turbines 6 1 2
11 Steam Supply to Steam Jet Air Ejectors (SJAE's) 6 2 1
12 Steam Supply to Off-Gas Preheaters 1 1 0
13 SJAE's Drain to Condenser 1 1 0
14 MS Drain Line (Turbine Bldg.) to Condenser 3 1 2
15 | Condenser 1 0 0
Total 54 15 15
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TABLE 6-2

Summary of Plant Modifications

- Loe
e e MmN 4 b A ek ccvee b e e —— e mea s 4 s e

BFN-1 MSIV Seismic Ruggedness Verification Program

1 POS Add one (1) new support. 1-47B456-2100
4-1 see note (3)
2 POS Add four (4) new supports. 1-478400-2030
4-7 to -2033
3 POS Add two (2) new supports. 1-47B400-2026
5-1 & -2027
4 POS Add two (2) new supports. 1-47B400-2022
5-2 & -2023
5 POS Add two (2) new supponts. 1-47B400-2024
5-3 & -2025
6 POS Add one (1) new support. 1-47B400-2021
5-56
7 POS Provide anchorage to the Constant 1-48B879-1
6-2 Temperature Bath Cabinet. see note (4)
8 POS Add one (1) new support. 1-478400-2020
6-3
9 POS Reroute tubing to preclude seismic falling see note (2)
9-4 interaction.
10 POS Add three (3) new supports. 1-47B400-2034-1 & -2, and
10-1 1-47B400-2035 & -2036
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TABLE 6-2 (cont’d)

Summary of Plant Modifications

BFN-1 MSIV Seismic Ruggedness Verification Program

11 POS Add one (1) new support. 1-47B400-2028
11-5

12 POS Add one (1) new support. 1-47B400-2029
11-6

13 POS Reroute piping to preclude seismic falling interaction. see note (2)
12-1

14 POS Reroute drain line directly to the condenser. . see note (2)
13-1

15 POS Relocate valve to preclude seismic proximity see note (2)
14-3 interaction.

(1) Detailed description and as-built information of these items, including photos and/or
sketches, can be found in the Potential Outlier Sheet (POS) contained in the respective
MSIV seismic ruggedness Walkdown Data Packages (WDP's).

(2) Referto DCN 51112, unless noted otherwise.
(3) Refer to DCN 51669.
(4) Referto DCN 51126.
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TABLE 6-3

U S

Summary of Misc. Maintenance & Housekeeping Items
BFN-1 MSIV Seismic Ruggedness Verification Program

Replace missing upper pipe clamp

1 POS
2-1 nut. was issued.

2 POS | Replace missing eye nut. Work Order WO # 04-712923-000
4-3 was issued.

3 POS | Remove existing clamp on pipe Work Order WO # 04-712923-000
5-4 support. was issued.

(See also DCA 51112-131)

4 POS | Remove existing clamp on pipe Work drder WO # 04-712923-000

5-6 | support. was issued.
(See also DCA 51112-132)

5 POS | Replace missing tubing clamp. Work Order WO # 04-712923-000
6-1 was issued.

6 POS [ Replace missing nut on U-bolt Work Order WO # 04-712923-000
6-4 support. was issued. ‘

7 POS | Cope the bottom flange of the WF PIC 61400 was added to DCN
8-1 beam to provide 3" clearance (E-W) to | 51112 to initiate the work.

preclude seismic proximity interaction.

8 POS | Replace broken pipe strap on support. | Work Order WO # 04-712923-000
8-2 was issued.

9 POS | Repair broken flex conduit connection. | Work Order WO # 04-712926-000
8-3 was issued.

10 POS | Replace loose rod hanger eye nuts Work Order WO # 04-712923-000
9-2 and disengaged rod. was issued.
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TABLE 6-3 (cont’d)

Summary of Misc. Maintenance & Housekeeping ltems
BFN-1 MSIV Seismic Ruggedness Verification Program

11 POS | Replace missing or broken tubing Work Order WO # 04-712923-000
10-4 | clamps and repair bent tubing. was issued.

12 POS | Replace missing nut on rod hanger Work Order WO # 04-712923-000
10-5 | suppornt. was issued.

13 POS | Repair broken flex conduit connection. | Work Order WO # 04-712926-000
11-2 was issued.

14 POS | Reinstall detached rod to pipe Work Order WO # 04-712923-000
14-1 | support. was issued.

15 POS | Repair broken flex conduit connection. | Work Order WO # 04-712926-000
14-2 was issued.

* Detailed description and as-built information of these items, including photos and/or
sketches, can be found in the Potential Outlier Sheet (POS) contained in the respective MSIV
seismic ruggedness Walkdown Data Packages (WDP's).
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7-3

7-5

7-6

7-8

7-9

7-10

7-11

7-12
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APPENDIX A:
BFN-1 MSIV SEISMIC RUGGEDNESS VERIFICATION

WALKDOWN DATA PACKAGES
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BFN-1 MSIV Seismic Ruggedness Verification

Walkdown Data Packages

BFN1-CEB-MSIV-01

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 1

BFN1-CEB-MSIV-02

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 2

BFN1-CEB-MSIV-03

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 3

BFN1-CEB-MSIV-04

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 4

BFN1-CEB-MSIV-05

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 5

BFN1-CEB-MSIV-06

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 6

BFN1-CEB-MSIV-07

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 7

BFN1-CEB-MSIV-08

MSIV Seismic Ruggedness Walkdown Screening Evaluatlon
Documentation for BFN Unit 1 — Package 8

BFN1-CEB-MSIV-09

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 9

BFN1-CEB-MSIV-10

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 10

BFN1-CEB-MSIV-11

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 11

BFN1-CEB-MSIV-12

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 12

BFN1-CEB-MSIV-13

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 ~ Package 13

BFN1-CEB-MSIV-14

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 14

BFN1-CEB-MSIV-15

MSIV Seismic Ruggedness Walkdown Screening Evaluation
Documentation for BFN Unit 1 — Package 15
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APPENDIX B:
BFN-1 MSIV SEISMIC RUGGEDNESS VERIFICATION

OUTLIER RESOLUTION CALCULATION PACKAGES
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BFN-1 MSIV Seismic Ruggedness Verification
Outlier Resolution Calculation Packages

Main Steam Drain Line, MSIV Ruggedness Seismic Analysis — 0
Resolution of POS 1-1,1-3 & 1-4

HPCI Drain Line, MSIV Ruggedness Seismic Analysis ~ Resolution of 0
POS 4-6,4-7 & 4-8

Misc. Main Steam Valve Performance Issues, MSIV Ruggedness 1
Seismic Analysis — Resolution of POS 2-2, 3-1 & 7-1

Misc. Extended Valve Operator Issues, MSIV Ruggedness Seismic 0
Analysis — Resolution of POS 1-2, 3-2, 9-5, 8-6 & 10-3

Misc. Piping Overspan Issues, MSIV Ruggedness Seismic Analysis — 0
Resolution of POS 4-4, 4-5, 9-1, 10-6, 11-3, 11-4,11-56 & 11-6

Misc. Seismic Interaction Issues, MSIV Ruggedness Seismic Analysis 0
-~ Resolution of POS 10-1, 10-2 & 11-1

Misc. Valve Proximity Interaction Issues, MSIV Ruggedness Seismic 0
Analysis ~ Resolution of POS 8-1, 9-3 & 14-3

Seismic Verification of Condenser and its Anchorage, MSIV 0
Ruggedness Seismic Analysis — Resolution of POS 15-1

RCIC Line, MSIV Ruggedness Seismic Analysis — Resolution of POS 1
4-1

RCIC Line, MSIV Ruggedness Seismic Analysis — Resolution of POS 0
4-2
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APPENDIX C:
BFN-1 MSIV SEISMIC RUGGEDNESS VERIFICATION

PLANT MODIFICATION DESIGN CALCULATION PACKAGES AND
MAINTENANCE WORK ORDERS
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BFN-1 MSIV Seismic Ruggedness Verification
Plant Modification Design Calculation Packages and Work Orders

2-1 (W) WO 98-001447-001 | Replace missing upper pipe clamp nut

4-1 (M) Calculation RCIC Line, MSIV Ruggedness Seismic
Analysis — Resolution of POS 4-1, Rev. 1

4-3 (W) WO 04-712923-000 | Replace missing eye nut

4-7 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0

5-1 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0 )

5-2 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0

5-3 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0

5-4 (W) WO 04-712923-000 | Remove pipe clamp on existing support

(see also DCA 51112- ‘
131)

5-5 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0

5-6 (W) WO 04-712923-000 | Remove pipe clamp on existing support

(see also DCA 51112-
132)

6-1 (W) WO 04-712923-000 | Replace missing tubing clamp

6-2 (M) Calculation Design of Anchorage for Bath and Circulator
Cabinet for Unit 1, Rev. 0

6-3 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0

6-4 (W) WO 04-712923-000 | Replace missing nut on U-bolt support

* (M) - Plant Modifications (W) —Work
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BFN-1 MSIV Seismic Ruggedness Verification
Plant Modification Design Calculation Packages and Work Orders

8-1 (W) Referto DCN 51112 | Cope bottom flange of the WF beam to provide
PIC 61400 minimum of 3" clearance in the E-W direction

8-2 (W) WO 04-712923-000 | Replace broken pipe strap on the support

8-3 (W) WO 04-712926-000 | Replace broken flex canduit connection

9-2 (W) WO 04-712923-000 | Replace loose rod hanger eye nuts and the
disengaged rod

9-4 (M) Referto DCN 51112 | Reroute instrument tubing

10-1 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0

Calculation Main Steam Seismic Ruggedness Verification,

Units2& 3, Rev. 5

10-4 (W) WO 04-712923-000 | Replace missing or broken tubing clamps and
repair bent tubing

10-5 (W) WO 04-712923-000 | Replace missing nut on rod hanger support

11-2 (W) WO 04-712926-000 | Replace broken flex conduit connection

11-5 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0

11-6 (M) Calculation Main Steam Seismic Ruggedness Verification,
Unit 1, Rev. 0

12-1 (M) Referto DCN 51112 | Reroute piping

13-1 (M) Referto DCN 51112 | Reroute drain line to condenser

14-1 (W) WO 04-712923-000 | Reinstall detached rod to pipe support

14-2 (W) WO 04-712926-000 | Replace broken flex conduit connection

14-3 (M) Referto DCN 51112 | Relocate valve

* (M) - Plant Modifications (W) —~Work Orders
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SECTION 1.0: __ PURPOSE

The purpose of this calculation is to document the “Browns Ferry Nuclear Plant -
Increased MSIV Leakage Tech Spec Change Submittal Seismic Evaluation Report”,
(200918-R-002); August 1999, By EQE International, Oakland, CA. Additionally,
Bounding Calculations (200918-C-002) “Seismic evaluation for the Condensers” and
(200918-C-001) “Seismic verification of the main steam drain piping and supports
associated with the MSIV alternate leakage treatment pathway” are contained within
this calculation.

SECTION 2.0: _ASSUMPTIONS:

There are no unverified assumptions in this calculation.

SECTION 3.0: REQUIREMENTS/LIMITING CONDITION:

This calculation does not generate any requirements or limiting conditions which limit
system or plant operation from that currently documented in the design, place special
requirements on a safety evaluation, or place special requirements on the physical
configuration that are generally outside the stated purpose of the calculation.

SECTION 4.0  REFERENCES:

See Attachment A, Section 5.; Attachment B, Section 3.0 And Attachment C, Section 3.0
for references used by EQE. See abo Sechion D3 of Attacment D. l A

SECTION 5.0 DESIGN INPUT DATA:

See AttachmentA B, And C, desj gn mput data is identified where it has been used.
bee. ol W\ML seckiows o 2{ecomees IVsled vy ptachwment D, lé

SECTION 6.0 _ SUPPORTING GRAPHICS.

See Attachment A, sheet 5 TABLES and FIGURES; Attachment B, sheet 2 TABLES and

FIGURES, and Attachment C, sheet 2 TABLES and EGURES for graphlcs used Iiy EQE.
See albo fhwla(o Aebles oond P\?wes of Hre celenences licled Ul Attach | 2

SECTION COMPUTATIONS AND ANALYSIS:

See Attachment A, Section 5. for computations and analysis performed by EQE
See alyo (Aun.&cl»vou of He refevences Jisted i Athrchmet D, lé
SECTION 8.0  SUMMARY:

See Attachment A, Secnon 413 ent B, Secn 5.0 and Attachment C, Section 5.0.
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SECTION 9.0 ATTACHMENTS:

Attachment A, “Browns Ferry Nuclear Plant - Increased MSIV Leakage Tech Spec Change
Submittal Seismic Evaluation Report”, (200918-R-002); August 1999, By
EQE International, Oakland, CA.

Attachment B, Bounding Calculation (200918-C-002) “Seismic evaluation for the
Condensers”; August 1999, By EQE International, Oakland, CA.

Attachment C, Bounding Calculation (200918-C-001) “Seismic verification of the main

steam drain piping and supports associated with the MSIV alternate leakage
treatment pathway”; August 1999, By EQE International, Oakland, CA.
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1. INTRODUCTION

This report summarizes the engineering activities performed for the supplemental plant
specific Main Steam piping seismic verification to support the increased Main Steam
Isolation Valve (MSIV) leakage tech spec change at Browns Ferry Nuclear Plant (BFN).
The verification program was performed in accordance with the recommendations of the
General Electric Boiling Water Reactor Owners Group (BWROG) Report for Increasing
MSIV Leakage Rate Limits and Elimination of Leakage Control Systems (Reference 1).
The U.8. Nuclear Regulatory Commission (NRC) has reviewed the BWROG report and
issued a safety evaluation report (SER) on its application for addressing the MSIV
leakage issues (Reference 2), subject to certain limitations.

Engineering activities associated with the supplemental plant specific seismic
verification program, as recommended in the BWROG report, consist of the following
key elements:

. Seismic Experience Database Comparisons
. Seismic Verification Walkdowns
. Seismic Assessments of Selected Components

Detailed discussions of each of these activities are presented in the following sections of
the report.
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2. SEISMIC EXPERIENCE DATABASE COMPARISONS

The seismic experience data are derived from an extensive database on the
performance of power plants and industrial facilities in past strong-motion earthquakes.
These performance data are compiled by EQE for the Seismic Qualification Utility
Group, the Electric Power Research Institute and others, and included over 100 facilities
in more than 60 earthquakes that have occurred around the world from 1934 to present.
Of interest to the MSIV leakage issues are the performance of the non-seismically
analyzed main steam system piping, related components and supports, and
condensers.

The BWROG Report (Reference 1) summarizes data on the performance of main steam
piping and condensers in past strong-motion earthquakes and compares these piping
and condensers with those in typical U.S. GE Mark |, I, and lil nuclear plants. The
earthquake experience data and similarity comparisons are then used to draw
conclusions on how the GE piping and condensers would perform in a design basis
earthquake (DBE). .

The following sections present experience database comparisons that are plant-specific
to Browns Ferry Nuclear Plant for use to support the increased MSIV leakage tech spec
change submittal.

2.1 SEISMIC GROUND MOTIONS

Ground motion estimates of 13 database sites were reviewed and accepted by the NRC
staff for inclusion in the BWROG's earthquake experience database, and are presented
in the referenced NRC Safety Evaluation Report (SER, Reference 2). To establish
applicability of the BWROG's earthquake experience-based methodology for
demonstrating the seismic ruggedness of non-seismically analyzed main steam piping
and associated components at Browns Ferry, comparisons of the ground response
spectra of selected database facilities with BFN design basis ground spectrum were
made.

P:\temp\2009 18\subrpt.doc
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The majority of the MSIV alternate leakage treatment (ALT) path and associated piping
systems and the condensers at Browns Ferry are located in the lower elevations of the
Turbine Building. BFN Turbine Building is classified as a Class 1l structure, hence, no
dynamic analysis of the building was performed. The building below the operating floor
is a reinforced concrete framed structure supported on steel H-piles to bedrock. The
horizontal ground spectrum is conservatively taken as the BFN 5% damped design
basis DBE input spectrum (0.2g Housner spectrum defined at rock outcrop) and scaled
by 1.6 to account for soil amplification.

A composite comparison of the ground response spectra of selected earthquake
experience database facilities with the Browns Ferry design basis DBE ground spectrum
is shown in Figure 2-1. The selected ground motions include the following 10 sites from
among the 13 database facilities revuewed and accepted by the NRC:

. Valley Steam Plant - USGS estimate
1971 San Fernando Earthquake (M6.6)

. Burbank Power Plant - USGS estimate
1971 San Fernando Earthquake (M6.6)

. El Centro Steam Plant - E/W direction
1979 Imperial Valley Earthquake (M6.6)

. Moss Landing Power Plant - PG&E estimate
1989 Loma Prieta Earthquake (M7.1)

. Humboldt Bay Nuclear Power Plant - Average

' 1975 Ferndale Earthquake (M5.5)

. Coolwater Power Plant - Longitudinal direction
1992 Landers Earthquake (M7.3)

. Commerce Refuge to Energy Plant (LA Bulk Mail) - N/S direction
1987 Whittier Narrows Earthquake (M5.9)

. Grayson Power Plant (Glendale) - N20OE direction
1971 San Fernando Earthquake (M6.6)

. Ormond Beach Power Plant - N270E direction

1973 Point Mugu Earthquake (M5.8)
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. PALCO Cogeneration Piant (Rio Dell) - Average
1992 Petrolia Earthquake (M6.9)

The individual comparison plots of the 5% damped ground spectra of the above 10
database facilities with the Browns Ferry DBE ground spectrum are shown in Figures
2-2 to 2-11. In general, the earthquake experience database.sites have experienced
strong ground motions that are in excess of the Browns Ferry DBE at the frequency
range of interest (i.e., about 1 Hz. and above), with the exception of the Ormond Beach
site. Many of the database site ground motions envelope the conservatively estimated
BFN DBE ground spectrum by large factors in various frequency bands within the 1 Hz.
and above range.

Based on the above observations and comparison, it is concluded that the Browns Ferry
DBE ground spectrum is generally bounded by those of the earthquake experience
database sites at the frequencies of interest. Hence, the use of earthquake experience-
based approach for demonstrating the seismic ruggedness of non-seismically analyzed
main steam piping and associated components at Browns Ferry, consistent with the
BWROG's recommendations and limitations of the SER, is appropriate.

2.2 PIPING, EQUIPMENT AND OTHER PLANT FEATURES

The main steam piping and condensers in the earthquake experience database
exhibited substantial seismic ruggedness, even when they are typically not designed to
resist ea.rthquakes. This is a common conclusion in studies of this type on other plant
items such as welded steel piping in general, anchored equipment such as motor control
centers, pumps, valves, structures, and so forth. That is, with limited exceptions, normal
industrial construction and equipment typically have substantial inherent seismic
ruggedness, even when they are not designed for earthquakes. No failures of the main
steam piping were found. Anchored condensers have also performed well in past
earthquakes with damage limited to minor internal tube leakage.

The BWROG Report (Reference 1) contains detailed discussions and comparisons of
main steam piping and condenser design in several earthquake experience database
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sites and example GE Mark 1, 11, and 11l plants in the U.S. The general conclusions of
these comparisons are as follows:

. GE plant designs are similar to or more rugged than those in the
earthquake experience database that exhibited good earthquake
performance;

. The possibility of significant failure in GE BWR main steam piping

or condensers in the event of an eastern U.S. design basis
earthquake is highly unlikely; and that

. Any such failure would also be contrary to a large body of
historical earthquake experience data, and thus unprecedented.

Plant-specific comparisons of the main steam piping, related components and supports,
and condensers at Browns Ferry with those in the selected earthquake experience
database facilities are provided in Section 4 of this report.
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El Centro Steam Plant, CA (1979 Imperial Valley Earthquake)

24

W ———BFN (1.6XDBE)
2 — — — Horiz. EW
------ Horiz. N-S
CRY:
c
O A
E /
s & YA
S i [ \
3 1.2 . fn® '
2 N
s N SRR
S H Vi Nai Y
o ; ¥ v
0.8 ; ; 3
” ,l ‘\.0
r~ ? ‘\,l \\\"
\
! \4/ \-"":-,:‘\
\.’/""\ u '\:--’--.
0.4 ~=< N
0 — . e ——r ~—
0.1 1 10 100
Frequency (H2)
Figure 2-4 Comparison of Browns Ferry DBE and El Centro Steam Plant Ground Spectra
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Moss Landing Power Plant, CA (1989 Loma Prieta Earthquake)
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Humboldt Bay Nuclear Power Plant, CA (1975 Ferndale Earthquake)
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Commerce Refuge to Energy Plant, CA (1987 Whittier Narrows Earthquake)
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Grayson Power Plant, Glendale, CA (1971 San Fernanado Earthquake)
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Ormond Beach Power Plant, CA (1973 Polnt Mugu Earthquake)
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PALCO Cogeneration Plant, CA (1992 Petrolia Earthquake)
2.4
P ———BFN (1.6XDBE)
. i — -~ Horlz. EW
P e Horiz. N-S
Horlz. (Average)

316 S
&
T
2
g 1.2
g
2
v

0.8

0.4

)] - ——r ——r—
0.1 1 10 100
Frequency (H2)
Figure 2-11 Comparison of Browns Ferry DBE and PALCO Cogeneration Plant Ground Spectra
P:\temp\2003 18\subrpt.doc .

;uauupuuv

v

S2H 98ed  €I1066-1000N-AD

@ e e s




CD-N0001-990113 Page_A2H

Attachment & é%%?;gféooz

August 31, 1999
Page 24 of 75

3. SEISMIC VERIFICATION WALKDOWNS

Very few components of nuclear plant systems are unique to the nuclear facilities.
Nuclear plant systems inciude equipment, piping, tubing, conduit, and many other items
that are common components of conventional power plants and industrial facilities.
Seismic experience data based methods have been developed to address seismic
issues associated with the adequate performance of these equipment and commodities
not designed, procured and installed to current nuclear seismic criteria. By reviewing
the performance of the database facilities that contain equipment similar to that found in
nuclear plants, conclusions can be drawn about the performance of nuclear plant
equipment during and after earthquake events.

Extensive work has been performed documenting the performance of power plant
equipment performance and the common sources of seismic damage to equipment and
piping. In general, equipment, piping and tubing systems in the seismic experience
database have performed very well in earthquakes, even though they were typically
designed for deadweight and operating loads only, with littie or no consideration for
seismic loads. Performance of piping and equipment in.past earthquakes are
summarized in Appendix D of the BWROG Report (Reference 1). Earthquake
experience-based methods provide the basis for the seismic review of the main steam
piping and equipment within the MSIV alternate leakage treatment (ALT) boundary at
BFN.

3.1 SEISMIC VERIFICATION REVIEW GUIDELINES

Various design attributes of the as-installed scope of equipment, piping, and tubing were
reviewed and evaluated by the Seismic Walkdown Teams to ensure that the BFN
installations are representative of database design practice and that components are
free of known seismic vulnerabilities. Earthquake experience has identified conditions
that have resulted in failure of piping and tubing systems and components. The
conditions evaluated in the walkdown revieyvs included:
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. Piping, Pipe Support and Equipment Design Attributes

. Seismic Anchor Movement Issues

. Seismic Interaction Issues (11/l & Proximity)

. Valve Design Attributes

The above design attributes and conditions are briefly discussed below.

3.1.1 Piping, Pipe Support and Equipment Desian Attributes

The Seismic Walkdown reviewed the piping and tubing systems, and associated
supports to ensure that the design attributes and conditions are consistent with good
design and industry standard practices. The systems were also screened to ensure that
they are free from known seismic vulnerabilities identified from eérthquake experience
data. These design attributes include:

. Piping with dead weight support spacing greatly in excess of the
B31.1 suggested spans, or tubing with excessive sagging.

. Heavy, unsupported in-line components.

. Piping constructed of non-ductile materials such as cast iron or
PVC.

. Non-standard fittings or unusual attachments that could cause

excessive localized stresses.
. Pipe supports that exhibit non-ductile behavior.
. Presence of severe corrosion.

In addition, anchorage of terminal equipment to piping and tubing systems were
reviewed for adequacy.
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3.1.2 Seismic Anchor Movement Issues

The experience database includes instances of seismic damage to piping, tubing and
supports that were attributed to seismic anchor movement. Damage was the result of
excessive movement of terminal end equipment, differential movement between
supports in adjacent buildings, and excessive movements imposed on branch lines by
flexible headers. These attributes were evaluated during the piping walkdowns.

3.1.3 Seismic Interaction Issues (1I/l and Proximity)

The seismic interaction review was a visual inspection of structures, piping, or
equipment adjacent to the components under evaluation. The seismic interaction review
evaluated conditions where seismically induced failures (II/1) and 'displacements of
adjacent structures, piping, or equipment (proximity) could adversely affect the required
seismic performance of the system and components under consideration.

3.1.4 Valve Design Attributes

Screening guidelines are provided for valves that are relied upon to establish the ALT
pathway or are part of the Seismic Verification Boundary. The guidelines are consistent
with the SQUG Generic Implementation Procedure (GIP, Reference 5) and include
provisions for air-operated diaphragm valves, spring-operated pressure relief valves,
piston-operated valves of light-weight construction, motor-operated valves, and
substantial piston-operated valves.

3.2 SEISMIC VERIFICATION BOUNDARY

The walkdown scope included the Main Steam drain path that will be established to
convey leakage past the outboard Main Steam Isolation Valves (MSIV) to the isolated
condenser and includes piping, instrumentation, valves and equipment that would be
required to maintain the drain pathway.

The Seismic Verification Boundary for the MSIV Alternate Leakage Treatment path was
developed in consultation with TVA Browns Ferry Systems Engineering, and is shown in
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Figure 3-1. The associated flow diagrams are listed on Table 3-1, and the piping
isolation boundaries defining the seismic verification boundary are shown on Table 3-2.
The Seismic Verification Boundary generally consists of the following portions of the
Main Steam (MS) system beyond the outboard MSIV's:

1. Main Steam drain path to the condenser for any leakage past the
isolated outboard MSIVs.

2. Main Steam piping from the outboard MSIV to the Main Steam
Stop Valves (MSV).

3. Main Steam Bypass piping from the Main Steam lines to the
Bypass Valve chest.

4. Main Condensers.

5. Additional piping and instrumentation within the Seismic

Verification Boundary includes:

. Stop Valve Above Seat Drains to Condenser

. Steam Sample System

. HPCI/RCIC Steam Drains to Main Steam

] Auxiliary Boiler Drains to Main Steam

) Main Steam Instrumentation

. Main Steam Supply to the Reactor Feed Pumps
e - Main Steam Supply to the Steam Jet Air Ejectors

. Main Steam Supply to the Off-Gas Preheaters

The above Seismic Verification Boundary was originally developed for Unit 3 seismic
walkdown. The Unit 2 Seismic Verification Boundary was less than that shown above
for Unit 3. The original Unit 2 bouﬁdary assumed the addition of an isolation valve to
isolate the steam path to the RFP Turbines and that the steam feed shutoff valve 8-575
would be qualified as an isolation boundary to the Steam Seal system. The Unit 2
Seismic Verification Boundary will be expanded and additional walkdown will be
performed during the Unit 2 Cycle 11 outage to remove the assumptions of the isolation
valves noted above, hence, eliminating the unit differences with Unit 3 Seismic
Verification Boundary.
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3.3 WALKDOWN RESULTS

Field walkdowns of the main steam lines, ALT drain path and associated appendages
within the Seismic Verification Boundary were conducted during the Unit 3 recovery
outage in April 1995, and during the Unit 2 refueling outage in April 1996 by EQE
engineers. Plant specific guidance, systems expertise and support were provided by
BFN Site Engineering staff. All members of the MSIV Seismic Verification Walkdown
Teams are degreed engineers, have ten to twenty years of experience in structural
engineering and/or earthquake engineering application to nuclear power plants, and are
familiar with the earthquake experience methodology. EQE engineers have performed
the complete MSIV Seismic Verification Walkdowns in accordance with the
recommendations of the GE NEDC-31858P (BWROG Report, Reference 1) at several
other plants. '

Results of the Seismic Verification Walkdowns, including the identified walkdown open
items or “Outliers”, are discussed in detail in References 3 and 4 for Browns Ferry, Unit
3 and Unit 2, respectively. A brief summary of the walkdown results is presented below,
with walkdown outliers summarized in Table 3-3 and 3-4 for Browns Ferry, Unit 3 and
Unit'2, respectively.

3.3.1  Unit 3 Seismic Walkdown

The main steam drain piping included in the Unit 3 MSIV alternate leakage treatment
(ALT) path to the condenser generally conform to ANSI B31.1 design guidelines. Piping
are typically insulated, and constructed from carbon steel, SA-106 Grade B, with butt-
welded or socket-welded joints. In addition, pipe supports consist of a combination of
rigid struts and U-bolt brackets, floor-mounted stanchions, and spring or rod hangers.
The as-installed configurations are inherently rugged and are similar to those found in
the earthquake experience database facilities that have performed well during past
earthquakes.

The piping systems within the Unit 3 MSIV Seismic Verification Boundary were divided
into the following 13 portions for walkdown purposés:
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1. Main Steam drain line in the Turbine Building

2. Main Steam lines in the Turbine Building

3. Main Steam and Main Steam drain lines in the Reactor Building MSIV vault

4. HPCI/RCIC/Auxiliary Boiler drains in the Reactor Building and above the Torus

5. Main Steam PT instrumentation lines

6. Main Steam sampling lines to the Sample Station

7. Main Steam bypass lines

8. Main Steam stop valve above seat drains

9. Steam supply to Steam Seal Regulators

10. Steam supply to RFP Turbines

11.  Steam supply to Steam Jet Air Ejectors

12.  Steam supply to Off-Gas Preheaters

13. Condensers

Conditions not meeting the Seismic Verification Review guidelines, as discussed in
Section 3.1 of this report, were identified and documented as “Outliers™ for further .
evaluation and resolution by the Seismic Walkdown Teams. These conditions included
limited numbers of piping overspans, equipment anchorage or support integrity issues,
proximity or falling interaction concerns, flexibility concerns due to seismic anchor
movements or differential displacements, boundary valve integrity issues, and general
maintenance or housekeeping items. Table 3-3 presents a summary of Unit 3 MSIV
walkdown outliers.

3.3.2 Unit 2 Seismic Walkdown

Similar to Unit 3, the main steam drain piping included in the Unit 2 MSIV alternate
leakage treatment (ALT) path to the condenser generally conform to ANSI B31.1 design
guidelines. Piping are typically insulated, and constructed from carbon steel, SA-106
Grade B, with butt-welded or socket-welded joints. Pipe supports consist of a
combination of rigid struts and U-bolt brackets, floor-mounted stanchions, and spring or
rod hangers. The as-installed configurations are inherently rugged and are similar to
those found in the earthquake experience database facilities that have performed well
during past earthquakes.
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The piping systems within the scope of the original Unit 2 MSIV Seismic Verification
Walkdown Boundary were divided into the following 11 portions for walkdown purposes:

Main Steam drain line in the Turbine Building

Main Steam lines in the Turbine Building

Main Steam and Main Steam drain lines in the Reactor Building MSIV vault
HPCI/RCIC/Auxiliary Boiler drains in the Reactor Building and above the Torus
Main Steam PT instrumentation lines

Main Steam sampling lines to the Sample Station

Main Steam bypass lines

Main Steam stop valve above seat drains

Steam supply to Steam Feed valve 8-575 (proposed isolation boundary)
Steam supply to RFP Turbines (with proposed manual isolation valve

to be located on the Turbine Building operating deck, El. 617')

13. Condensers

© o NO O AN

o=d
o

Conditions not meeting the Seismic Verification Review guidelines, as discussed in
Section 3.1 of this report, were identified and documented as “Outliers” for further
evaluation and resolution by the Seismic Walkdown Teams. As in the Unit 3 walkdown,
these conditions included limited numbers of piping overspans, equipment anchorage or
support integrity issues, proximity or falling interaction concerns, flexibility concerns due
to seismic anchor movements or differential displacements, boundary valve integrity
issues, and general maintenance or housekeeping items. Table 3-4 presents a
summar); of the Unit 2 MSIV walkdown outliers.

As mentioned in Section 3.2 above, the original Unit 2 Seismic Verification Boundary will
be expanded and additional walkdown will be performed during the Unit 2 Cycle 11
outage to remove the assumptions of the isolation valves, hence, eliminating the unit
differences with Unit 3 Seismic Verification Boundary.

3.3.3 Additional Seismic Walkdown

As mentioned in Section 3.2 above, the Unit 2 Seismic Verification Boundary will be
expanded to include portions of the steam supply lines from the Main Steam Header to
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the turbine drives for the Reactor Feed Pumps, the Steam Jet Air Ejectors, the Off-Gas
Preheaters, and the Steam Seal Regulators, i.e., extension of piping portions 9 and 10,
and portions 11 and 12, as in the Unit 3 walkdown scope. The resulting Unit 2 Seismic
Verification Boundary will then be consistent with that of Unit 3, hence, eliminating any
unit differences between them. Additional seismic verification walkdown for the
expanded scope will be performed during the Unit 2 Cycle 11 outage to verify the
seismic ruggedness of the MS piping and associated components, and all identified
outliers will be resolved during the same outage. Design Change Notice (DCN) will
address any physical changes to restore the drain path into compliance.
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Table 3-1

BROWNS FERRY MSIV LEAKAGE BOUNDARY FLOW DIAGRAMS

Drawing Number

System Description

Unit 2
2-47E801-1 Main Steam System
2-47E801-2 Main Steam System
2-47E805-3 Heater Drains & Vents and Miscellaneous Piping Systems
2-47E807-1 Turbine Drains and Miscellaneous Piping Systems
2-47E807-2 Turbine Drains and Miscellaneous Piping Systems
2-47E812-1 High Pressure Coolant Injection System
2-47E813-1 Reactor Core Isolation Cooling System
0-47E815-1 Auxiliary Boiler System
2-47E815-4

2-47E610-43-1

Sampling and Water Quality System

Unit 3

3-47E801-1 Main Steam System
3-47E801-2 Main Steam Systemn
3-47E805-3 Heater Drains & Vents and Miscellaneous Piping Systems
3-47E807-1 Turbine Drains and Miscellaneous Piping Systems

.3-47E807-2 Turbine Drains and Miscellaneous Piping Systems

. 3-47E812-1 High Pressure Coolant Injection System
- 3-47E813-1 Reactor Core Isolation Cooling éystem

3-47E815-5 Auxiliary Boiler System

3-47E610-43-6

Sampling and Water Quality System
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Table 3-2

BFN MSIV LEAKAGE BOUNDARY POINTS

L.eakage Flow Diagram/ ,
Boundary Point * Drawing * Comment
FCV-1-15 47E801-1 MSIV for Main Steam Line A
FCV-1.27 47E801-1 MSIV for Main Steam Line B
FCV-1-38 47E801-1 MSIV for Main Steam Line C
FCV-1-52 47E801-1 MSIV for Main Steam Line D
FCV-1-56 47€E801-1 Outboard Containment Isolation valve for Primary
Containment steam drains
1-521 47E801-1 Normally closed Main Steam Drain manual isolation
1-527 valves )
43-631 2-47E610-43-1 | Normally closed Main Steam Sample System manual
3-47E610-43-6 | isolation valve
43-631A 2-47E610-43-1 | Normally closed Main Steam Sample System manual
3-47E610-43-6 | isolation valve
43-632 2-47E610-43-1 | Normally closed Main Steam Sample System manual
3-47E610-43-6 | isolation valve
FCV-1-74 47E801-2 Main Turbine Stop Valve for Steam Line A
FCV-1-78 47E801-2 Main Turbine Stop Valve for Steam Line B
FCV-1-84 47E801-2 Main Turbine Stop Valve for Steam Line C
FCV-1-88 47E801-2 Main Turbine Stop Valve for Steam Line D
FCV-1-61
FCV-1-62
FCV-1-63
FCV-1-64
FCV-1-65 47E801-2 Main Steam Bypass Valve Chest
FCV-1-66
FCV-1-67
FCV-1-68
FCV-1-69
FCV-73-6B 47E812-1 Normally open air operated isolation valve — HPCI
FCV-71-6B 47E813-1 Normally open air operated isolation valve - RCIC
12-635 2-47E815-4 Normally closed manual isolation valve ~ Aux. Boiler
3-478815-5
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Table 3-2 (CONT.)
BFN MSIV LEAKAGE BOUNDARY POINTS
Leakage Flow Diagram/
Boundary Point * Drawing * Comment
12-637 2-47E815-4 Normally closed manual isolation valve — Aux. Boiler
3-47B815-5
12-623 2-47E815-4 Normally closed manual isolation valve — Aux. Boiler
3-47B815-5
12-625 2-47E815-4 Normally closed manual isolation valve — Aux. Boiler
3-47B815-5
2-12-822 0-47E815-1 Normally closed manual isolation valve — Aux. Boiler
(Unit 2 only) ]
FCV-6-100 47E807-1 Normally closed motor operated isolation valve - Stop
valve above seat drains
FCV-6-101 47E807-1 Normally closed motor operated isolation valve - Stop
valve above seat drains
FCV-6-102 47E807-1 Normally closed motor operated isolation valve - Stop
valve above seat drains
FCV-6-103 47E807-1 Normally closed motor operated isolation valve - Stop
. - | valve above seat drains
FCV-1-127 47E801-2 Reactor Feed Pump Turbine A Stop Valve
FCV-1-135 47E801-2 Reactor Feed Pump Turbine B Stop Valve
FCV-1-143 47E801-2 Reactor Feed Pump Turbine C Stop Valve
FCV-6-153 47E807-2 Normally closed motor operated isolation valve - RFP
FCV-6-155 47E807-2 Normally closed motor operated isolation valve - RFP
FCV-6-157 47E807-2 Normally closed motor operated isolation valve - RFP
- FCV-6-122 47E807-2 Normally closed motor operated isolation valve - RFP
FCV-6-127 47E807-2 Normally closed motor operated isolation valve - RFP
FCV-6-132 47E807-2 Normally closed motor operated isolation valve - RFP
PCV-1-151 47E801-2 Normally open air operated isolation valve - SIAE
PCV-1-166 47E801-2 Normally open air operated isolation valve - SJAE
PCV-1-153 47E801-2 Normally open air operated isolation valve - SJAE
PCV-1-167 47E801-2 Normally open air operated isolation valve - SJAE
6-826 47E805-3 Check valve — SJAE
6-822 47E805-3 Check valve — SJAE
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Table 3-2 (CONT.)

BFN MSIV LEAKAGE BOUNDARY POINTS

Leakage Flow Diagram/
Boundary Point * Drawing * Comment

FCV-1-145 47E807-2 Normally closed motor operated isolation valve — Steam
Seal Regulator

FCV-1-154 47EB07-2 Normally closed motor operated isolation valve — Steam
Seal Regulator

FCV-1-147 47E807-2 Air operated pressure regulating valve — Steam Seal
Regulator

CKV-1-742 47E801-2 Check valve (NEW) - Off-Gas Preheater A

CKV-1-744 47E801-2 Check valve (NEW) - Off-Gas Preheater B

Condenser A --- The condenser is the ultimate boundary for the MSIV

leakage path.

Condenser B -

The condenser is the ultimate boundary for the MSIV
leakage path.

Condenser C --- The condenser is the ultimate boundary for the MSIV
leakage path.
Miscellaneous test, 47E801-1
vent, drain and 47E801-2 -
instrument

connections

NOTE:

* Boundary component ID's and flow diagram/drawing nos. are generally applicable to
both Units 2 and 3, unless noted otherwise specifically (i.e., 2- for Unit 2; 3- for Unit 3;

and O0- for common)
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Table 3-3

BROWNS FERRY UNIT 3

MSIV WALKDOWN "OUTLIERS"

SYSTEM DESCRIPTION o)l OUTLIER?2 A|F|P|D
Main Steam Drain Line-Turbine 1
Bldg.
MS Drain Taps 1-1 | MS Line differential motion X
MS Drain Taps 1-2 | Impact with conduit supports X
FCV 1-58 1-3 | Extended valve operators
FCV 1-58/59 Conduit 1-4 | Unknown routing at TB/RB joint X
Main Steam Lines - Turbine 2
Bldg.
MS Stop Valves 2-1 | Valve performance X X
MSH-17 2-2 | Missing eyebolt nut X
MSH-17,18 & 19 2-3 | Grating clearance X
Main Steam Drain Line- MSIV 3
Vault
FCV 1-15, 27,38 & 52 3-1 | Valve performance X X
FCV 1-56 3-2 | Manual operator X
HPCURCIC Drain 4
HPCI Drain at MS drain 4-1 | Inadequate bending leg X
connection
MS PT 1-72,76, 82, 86 & 93 5
MS instrument tubing 5-1 | Overspanon 1" pipe to PT 1-86 X
1/2 Line to PT 1-86 5-2 | Interaction with steel & pipe X
Main Steam Sample to Station 6
Sample linesB & D 6-1 | Missing tubing support clamps X
Sample lines A, B,C, D 6-2 | Inadequate flex legs at MS line X
PT 16A/B 6-3 | Inadequate flex legs at MS line X
Sample Station 6-4 | Temperature bath anchorage X
Main Steam Bypass 7
Main Steam Bypass Valve 7-1 | Valve performance X X
SV Above Seat Drains 8
FCV 6-100, 101, 102, 103 8-1 | Short rod hangers X
Steam to Steam Seal Regulator 9
MS to FCV 1-146 9-1 | Overspan piping X
PCV 1-147 9-2 | Handwheel proximity to WF X
PCV 1-147 airline 9-3 | Inadequate flexibility & blockwall X1 X
PCV 1-147 9-4 | Extended valve operator X
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Table 3-3 (CONT.)
BROWNS FERRY UNIT 3
MSIV WALKDOWN "OUTLIERS"

SYSTEM DESCRIPTION in1 OUTLIER2 AlF I} P
Steam Supply to RFP Turbines 10
Steam supply line 10-1 | Inadequate flex leg at MS
header
Steam supply line 10-2 | Stanchion supports X
Steam supply line 10-3 | TB crane overhead X
RFP Stop Valve above seat 10-4 | Large mass on the 1/2 & 3/4 X
drains inch lines
Tubing to Pl 1-126 10-5 | Missing tubing clamps ~ X
overspan
Steam Supply to SJAE 11
SJAE 3AB 11-1 | Anchorage X
SJAE 3B 11-2 | Loose anchor bolt nut X
Drain to Condenser 11-3 | Drain ties to multi system
collector
Steam to Off-Gas Preheaters 12
PCV 1-175A/B 12-1 | Masonry wall X
Steam supply line to FCV 12-2 { Vert. restraint of line at
1-178A/B FCV 1-178
PCV 1-175A/B, FCV 1-178A/B 12-3 | Valve performance
Condenser 13
Condenser and anchorage 13-1 | Evaluate condenser/anchorage X
adequacy

KEY TO ISSUES:

Anchorage or Support Capacity
Failure and Falling (i11)
Proximity and Impact

Differential Displacement

< O 7T 7>

Valve Screening

NOTES:
1- ID - Refers to MSIV Walkdown package identifier.

2 - "Outliers" are plant conditions which require further evaluation.
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Table 3-4
BROWNS FERRY UNIT 2
MSIV WALKDOWN “OUTLIERS”
SYSTEM DESCRIPTION | 01| OUTLIER? [A[F]P]D]V
Main Steam Drain Line-Turbine 1
Bldg.
MS Drain Taps 1-1: MS Line differential motion X
FCV-1-58 1-2: Extended valve operators X
Main Steam Lines -~ Turbine Bldg. 2
MS Stop Valves 2-1: Valve performance X X
RB MSIV Vault - MS and MS Drain 3
FCV-1-15, -27, -38 & -52 3-1: Valve performance X
HPCI/RCIC/Aux. Boiler Drains 4A
HPCI Drain at MS drain connection 4-1: Inadequate bending leg X X
HPC! Drain in RB Steam Vault 4-2: Piping overspan X
HPC! Drain in RB SE Corner Rm 4-3: Piping overspan X
HPCURCIC/Aux. Boiler Drains 4B
HPCI & Aux. Boiler drain lines 4-4: Miscellaneous maintenance | X
supports items
HPCI Drain above the Torus 4-5. Piping overspan X
RCIC Drain above the Torus 4-6: Inadequate support X
MS PT-1-72, -76, -82 & -86 5
1/2" PT Piping from Steam Lines 5-1: Interaction with platform X
steel
Main Steam Sampling 6
PT-16A/B Piping 6-1: Interaction with Feedwater X
. piping
Samplelines A, B,C, D 6-2: Inadequate flex legs at X
MS line .
PT-16A/B 6-3: Inadequate flex legs at X
MS line
Sample Station 6-4: Temperature bath X X
anchorage
PT-16A/B 6-5: Interaction with oil drum X
Main Steam Bypass 7
Main Steam Bypass Valve 7-1: Valve performance X X
SV Above Seat Drains 8
FCV-6-100, -101,-102 & -103 8-1: Short rod hangers X
1" Drain Piping from Steam Line D 8-2: Interaction with MS X
piping/steel
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Table 3-4 (CONT.)

BROWNS FERRY UNIT 2
MSIV WALKDOWN “OUTLIERS”

SYSTEM DESCRIPTION 101 | OUTLIER2 ATE[P]D]V
Steam to Steam Feed Valve 9
Rod Hanger Downstream of Valve 9-1: Disengaged rod hanger X
8-575
Verification Boundary Valve 8-575 9-2: Normally open manual X
(Proposed in the Original Scope) valve
Steam Supply to RFP Turbines 10
Steam supply line 10-1: Inadequate flex leg at MS X
header
Steam supply line 10-2: Stanchion supports X
Steam supply line 10-3: TB overhead crane XX
Verification Boundary Valve 1-RFPT - 10-4: Installation of valve X
(Proposed in the Original Scope) R
Condensers 13
Condenser anchorage 13-1: Evaluate anchorage X

KEY TO ISSUES:

Anchorage or Support Capacity
Failure and Falling (1I/I)
Proximity and Impact

Differential Displacement

< O v T >

Valve Screening

NOTES:
1 - 1D - Refers to MSIV Walkdown package identifier. .
2 - "Qutliers" are plant conditions which require further evaluation.
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Reactor Turbine
Building Building
FCV 1-15 MS-Line A Sampling l @ FCV 1.74 FCV 175
FCV1.27 MS-Line B - Sampling @ Fcvi7s | FCv1.80
FCV 138 MS-Line C . G FCV184 | FCV1.85
. ' Samphng_.pq_1 , l ' ' l
FCV 1.52 MS-Line D Sampnng_(xQ FCV1.88 | FCV1.88
1
FOV 1168}k -l FCV 1.170 Ff“:’v‘;‘g %@ — fores [
FCV 1-135 ch 5153 x Xx X Seal
RFP  peyer @. FCV 1-154 Leak Offs
L L Turbines FCV 6.1 55 PCV 1147 Fcv
FCV 1-143 ‘ 6-100-103
FCV6-132
FOV 14171 FCV 6-157 o
FCV 1-189 826\PCV 1-16 FCV 1-148 FCV 1-145
PCV 1-151
v Steam Seal
SIAE'S 1— Condenser
PCV 1-167 PCV 1-153
. 82 % cxv1‘44 SHV 1.743
X FCV 1-57 gn :‘;as CKV 1:742 SHV 1.741 Condensate Drain Tank
reheaty _'l/ I' DG SJAE Shell Drain
' eaters Condensate Pt.mp Drain
RFP Turbine Drain . @
FCV-1-56 |'°<H'] otc. L
N ' E FC% 59 ®
FCV 7368, Fcv1-58
(HPCY) y,

12-822
(Unit 2 only)
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4. SEISMIC ASSESSMENTS

As part of the supplemental plant specilic seismic verification program to support the
increased MSIV leakage tech spec change at BFN, various engineering evaluations and
assessments were performed to verify the seismic adequacy of the Alternate Leakage
Treatment (ALT) piping, related components and supports, and condensers. The
following sections discuss the technical bases and methods used in these evaluations
and assessments. Results of the seismic evaluations are also presented.

4.1 OUTLIER RESOLUTION

Conditions which did not meet the walkdown screening guidelines’(Section 3.1) or which
were judged by the Seismic Walkdown Team to require further review were documented
as "Outliers” during the Units 2 and 3 Seismic Verification Walkdowns at Browns Ferry
Nuclear Plant. For BFN Unit 3, the walkdown outliers have been resolved on a
deterministic basis and dispositioned as described in more detail below. The proposed
resolution for Unit 2 outliers will follow similar Unit 3 approaches and/or utilize existing
Unit 3 analyses, as applicable. The Unit 3 outlier resolution are documented in BFN
calculations (References 6 and 7). '

4.1.1  Seismic Demand

The BFN Turbine Building is classified as a Class |l structure, hence, no dynamic
analysis of the building was performed and no in-structure response spectra were
available for the structure. For seismic evaluations and outlier resolution, the horizontal
seismic demand for components located within about 40 feet of the Turbine Building
effective grade elevation (EL. 568') is conservatively taken as the BFN 5% damped
design basis DBE input spectrum (0.2g Housner curve) scaled by 1.6 to account for soil
amplification per BFN General Design Criteria (Reference 8) for soil founded structures,
and 1.5 for building amplification per GIP. For components located above 40 feet of the
Turbine Building effective grade elevation, an additional amplification factor of 1.5 is
conservatively applied. In the vertical direction, seismic demand is taken as 2/3 that of
the horizontal direction, with a soil amplification factor of 1.1 instead of 1.6.
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4.1.2 Seismic Capacity

For outlier resolution and evaluation of ALT piping, and related components and
supports, the following load combinations and stress allowables, as applicable,

were used:
Component Load Combination Stress Allowables
Piping D+P+I1+A 2.0 Sy
(Primary + Secondary)
Pipe Supports D+T+1+A AISC
Equipment D+1 AlISC, GIP
Anchorage
Valve 3g load check GIP
where, D - Dead load

P — Pressure load
T ~ Thermal load

| - Seismic (DBE) inertial load
A - Load due to seismic anchor movement

Sy -~ Material yield strength at temperature
AISC — American Institute of Steel Construction
GIP — Generic Implementation Procedure

4.1.3 _Summary of Results

Table 4-1 brovides a summary of the proposed resolution methods for the outliers
associated with the Unit 2 MSIV Seismic Verification Walkdown. Similarly, the results of
the resolution of outliers associated with the Unit 3 MSIV Seismic Verification Walkdown
are summarized in Table 4-2.
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As mentioned in Section 3.3.3 above, additional Unit 2 Seismic Verification Walkdown
for the expanded scope will be performed during its Cycle 11 outage to verify the
seismic ruggedness of the MS piping and associated components. Any additional
outliers identified during this walkdown will be addressed and resolved within the same
outage period. Design Change Notice (DCN) will address any physical changes to
restore the drain path into compliance.

4.2 ALTERNATE LEAKAGE TREATMENT PIPING AND SUPPORTS

Majority of the MSIV alternate leakage treatment (ALT) piping systems and related
components at Browns Ferry, i.e., those portions downstream of the outboard Main
Steam Isolation Valves (MSIV's) and the outboard Main Steam Drain Isolation Valve
(MSDIV), are located in the Turbine Building and are not designéted as Seismic Class |
systems. In general, these piping systems are not seismically analyzed, and are
typically designed to the requirements of USAS B31.1-1967.

As part of the plant specific seismic verification of the non-seismic ALT piping, related
supports and components using the earthquake experience-based approach as outlined
in the BWROG Report, the following reviews were performed to demonstrate that the
piping and related supports fall within the bounds of the experience database: '

. Review of the design codes and standards, piping design
parameters, and support configurations.

. Seismic verification walkdown to identify potential piping
concerns.

The Browns Ferry ALT piping systems consist of welded steel pipe and standard
support components. Support spacing generally meets the B31.1 recommended span.
The design bases for the portions of piping associated with the ALT pathway to the
condensers are tabulated in Table 4-3. Table 4-4 presents a general summary of the
piping data that constitute the seismic experience data. Comparison of Browns Ferry
and selected database piping parameters is presented in Table 4-5, along with Figure 4-
1, which presents a comparison of D/t ratios of the BFN ALT drain piping with those
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found in the database. Overall, the BFN piping design is similar to and well represented
by those found in the experience database sites that have shown to perform well in past
earthquakes.

Browns Ferry FSAR does not reference Appendix A to 10 CFR Part 100. The seismic
adequacy of the ALT piping is addressed by performing seismic verification walkdowns
to identify specific design attributes associated with poor seismic performance, following
the guidelines outlined in Section 3.1 of this report. Bounding evaluations were
performed for typical support configurations using evaluation criteria as discussed in
Section 4.1. Table 4-6 summarizes the results of the support and anchorage

evaluations for the selected bounding configurations (Reference 10).
2o, Tas (A Le., Rs1C

The seismic evaluations, consisting of verification walkdowns, t;ounding support
evaluations, and resolution of the identified walkdown outliers, provide reasonable
assurance that the ALT drain path piping, related supports and components will remain
functional in the event of a Design Basis Earthquake (DBE) at Browns Ferry.

4.3 TURBINE BUILDING

Performance of the turbine building and other non-seismic structures during a seismic
event is of interest to the MSIV leakage issue only to the extent that the building
structure and its internal components should survive and not degrade the capabilities of
the selected main steam and condenser pathways. A BWROG (Reference 1) survey of
this type of industrial structures has, in general, confirmed that excellent past seismic
performance exists. There are no known cases of structuraj collapse of either turbine
buildings at power stations or structures of similar construction.

The majority of the MSIV alternate leakage treatment (ALT) piping and the condensers.
at Browns Ferry are located in the Turbine Building, while small portions of the ALT
piping are located in the Reactor Building which is a seismically designed, Class |
structure. BFN Turbine Building is classified as a Class Il structure in the BFN

FSAR. The BFN Design Criteria for Class 1l structures are that they shall not

degrade the integrity of any Class [ structure. Those portions of Class Il structures
required to remain structurally competent in order to support the operation of Class |

————
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structures or equipment shall be designed for earthquake in accordance to the Uniform
Building Code. Table 4-7 provides the design basis of the BFN Turbine Building and the
applicable design codes used.

BFN Turbine Building below the operating floor at El. 617 feet is a reinforced concrete
framed structure supported on steel H-piles to the bedrock at El. 519 feet. Piles are
spaced far enough apart within each cluster to ensure that the maximum average unit
bearing stress on the rock area is limited to 500 psi. Stresses in the piles are limited to
one third of the yield stress. The concrete beams and slabs are designed to ACI 318-63
code using the working stress method. Similarly, the columns are also designed to ACI
318-63 code using the working stress method and checked by the ultimate strength
design method using a load factor of 1.8. :

The superstructure above the operating deck consists of transverse welded steel n'é;id
frames spanning approximately 107 feet. An expansion joint is provided between a
two-bay frame for Units 1 and 2, and a single-bay frame for Unit 3. For longitudinal
expansion, the superstructure is provided with joints by using double rows of frames
spaced at 4 feet apart. The steel frames, which form the Turbine Building structure
above the concrete structure, are braced to provide rigidity in the direction of the
Reactor Building as well as to provide support for the turbine cranes. These frames are
designed to resist lateral forces from the overhead cranes and wind loads, in addition to
supporting the vertical dead and live loads. The design of the steel superstructure is
based on 1963 AISC code. All material conforms to ASTM-36, except for anchor rods
which are ASTM A-307 steel. Shop connections are ASTM A-502 Gr. 1 rivets or
welded, and field connections are ASTM A-325 high-strength bolts.

Based on the above design bases for the BFN Turbine Building, and the excellent
seismic performance of this similar type of industrial structure in past strong-motion
earthquakes as documented in the BWROG Report, the Browns Ferry Turbine Building
is expected to remain structurally intact following a DBE.
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4.4 CONDENSER

The BFN condensers consist of three single-pass, single pressure, radial flow type
surface condensers. Each condenser is located beneath each of the three low pressure
turbines, and is structurally independent. Table 4-8 lists the design data for BFN
condensers and for the two experience database sites listed in the BWROG Report. In
addition, design characteristic comparisons of the BFN condensers with the selected
database condensers are shown in Figures 4-2 to 4-5. The BFN condenser design data
is comparable to the data for these two database sites. The BFN condensers were also
evaluated for structural integrity subject to seismic DBE loads. Results of the evaluation
indicate that the condenser shell stresses are small. Maximum stress ratios, based on
AISC allowables, are 0.12 for combined axial and bending and 0.10 for shear

Reference 10)..

The condenser support anchorage consists of a center key and six support feet that are
arranged as shown in Figure 4-6. The center support is a fixed anchor, and consists of
a built-up wide flange H section embedded 4 feet into the concrete pedestal which is
connected to the Turbine Building base mat, and welded to the bottom plate of the
condenser. The support plates consist of 2 to 3 anchors of 2- to 2-1/2- inch diameter
bolts. Each anchor bolt has greater than 5 feet nominal length with approximately 48
inches of embedment into the concrete pedestal which is connected to the Turbine
Building base mat. These supports are designed to resist vertical operating loads, and
are slotted radially from the center key to allow for thermal growth. Shear forces are
transferred to the wide flange shaped anchor in the center and to the anchor bolts and
shear keys to the support feet and carried through the concrete pedestal to the Turbine
Building base mat.

The BFN condenser anchorage was compared with the performance of similar
condenser in the earthquake experience database. The shear areas of the condenser
anchorage, in the directions parallel and transverse to the turbine generator axis,
divided by the seismic demand, were used to compare with those presented in the
BWROG Report (Reference 1), and are shown in Figures 4-7 and 4-8, respectively.
The BFN condenser anchorage shear area to seismic demand is substantially greater
than the selected database sites. The condenser support anchorage was also

EAE
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evaluated and the resuits indicate that the combined seismic DBE and operational
demand is less than the anchorage capacity based on the AISC allowables. Maximum
stress ratios are 0.70 for bolt tension in the perimeter support feet, and 0.86 for shear in
the center support built-up section (Reference 7).

The above comparisons of the condenser seismic experience data and the anchorage
capacity evaluations demonstrate that the conclusions presented in the BWROG Report
(Reference 1) can be applied to the BFN condensers. That is, a significant failure of the
condenser in the event of a DBE at BFN is highly unlikely and contrary to the large body
of historical earthquake experience data.
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Table 4-1
BROWNS FERRY UNIT 2
MSIV “OUTLIERS” RESOLUTION SUMMARY
SYSTEM OUTLIER OUTLIER RESOLUTION
DESCRIPTION DESCRIPTION METHOD
Main Steam Drain Line-Turbine
Bldg.
MS Drain Taps 1-1 MS line differential Modify supports per
motion DCN
FCV 1-58 1-2 Extended valve To be resolved per BFN
. operators Calc. CD-N0001-980038
Main Steam Lines
MS Stop Valves 2-1 Valve performance | To be resolved per BFN
Calc. CD-N0001-980038
Main Steamn Drain Line- MSIV
Vault
FCV 1-15, 27, 38 & §2 341 Valve performance To be resolved per BFN
Calc. CD-N0001-980039
HPCURCIC/Aux. Boiler Drains
— MSIV Pit
HPCI Drain at MS drain 441 Inadequate bending | Modify supports per
connection leg DCN
HPCI Drain in RB Steam Vault 42 Piping overspan Install new supports per
DCN
HPCI Drain in RB SE Corner 4-3 Piping overspan Install new supports per
Room DCN
HPCI/Aux. Boiler drain line 4-4 Misc. maintenance Misc. maintenance items
supports items to be addressed by WR
340989
HPCI Drain above the Torus 4-5 Piping overspan Install new supports per
: ) DCN
RCIC Drain above the Torus 4-6 Inadequate support | Modify support per DCN
: (RCIC-09) -
MS PT 1-72, 76, 82, 86 & 93
1/2 in. PT Piping from 5-1 Interaction with Re-route
Steam Lines platform steel piping/instrumentation
line per DCN
Main Steam Sample to Station
PT-16A/B Piping 6-1 Interaction with Re-route piping and
Feedwater piping modify support per DCN
Sample lines A, B,C, D 6-2 Inadequate flex legs | Remove existing
at MS line supports and install new

“supports per DCN
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Table 4-1 (CONT.)
BROWNS FERRY UNIT 2
MSIV “OUTLIERS” RESOLUTION SUMMARY
SYSTEM OUTLIER OUTLIER RESOLUTION
DESCRIPTION DESCRIPTION METHOD
Main Steam Sample to
Station (cont.)
PT 16A/B 6-3 Inadequate flex legs | Modify supports per
at MS line DCN
Sample Station 6-4 Temperature bath Provide equipment
anchorage anchorage per DCN
PT-16A/B 6-5 Interaction with oil Initiate Work Request to
drum relocate the oil drum
Main Steam Bypass
Main Steam Bypass Valve 7-1 Valve performance - | To be resolved per BFN
. Calc. CD-N0001-980038
SV Above Seat Drains
FCV 6-100, 101, 102, 103 8-1 Short rod hangers Modify rod hangers per
DCN
1" Drain piping from Steam 8-2 Interaction with MS Re-route drain piping
Line D piping/steel and modify support per
DCN
Steam to Steam Seal
Regulator
Rod hanger downstream 91 Disengaged rod Maintenance item to be
of Valve 8-575 hanger addressed by WR
C341864
Verification Boundary 9-2 Valve performance Walkdown scope to be
Valve 8-575 (Proposed) expanded to remove the
assumption
Steam Supply to RFP
Turbines
Steam supply line 10-1 Inadequate flex leg at | Modify supports per
MS header DCN
Steam supply line . 10-2 Stanchion supports Modity supports per
DCN
Steam supply line 10-3 TB overhead crane To be resolved per BFN
Calc. CD-N0001-980039
Verification Boundary 10-4 Instaliation of Walkdown scope to be
Valve 1-RFPT (Proposed) boundary valve expanded to remove the
assumption
Condenser
Condenser and anchorage 13-1 Evaluate To be resolved per BFN
adequacy condenser/anchorage { Calc. CD-N0001-980038
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Table 4-2
BROWNS FERRY UNIT 3
MSIV "OUTLIERS" RESOLUTION SUMMARY
SYSTEM DESCRIPTION OUTLIER OUTLIER RESOLUTION
DESCRIPTION METHOD
Main Steam Drain Line-
Turbine Bldg.
MS Drain Taps "141 MS line differential Relocated three
motion supports per DCN
T40871A and BFN Calc.
No. CD-N0001-980039
MS Drain Taps 1-2 Impact with conduit Resolved per BFN Calc.
supports No. CD-N0001-980038
FCV 1-58 1-3 Extended valve Resolved per BFN Calc.
operators .| No. CD-N0001-980038
FCV 1-58/59 Conduit 1-4 Unknown routing at  ~ | Resolved per BFN Calc.
TB/RB joint No. CD-N0001-980038
Main Steam Lines
MS Stop Valves 2-1 Valve performance Resoclved per BFN Calc.
No. CD-N0001-980038
MSH-17 22 Missing eyebolt nut Nut replaced per WR
C164362
MSH-17,18 & 19 2-3 Grating clearances Maodified grating
clearances per DCN
T40871A
Main Steam Drain Line-
MSIV Vault
FCV 1-15, 27, 38 & 52 3-1 Valve performance Resolved per BFN Cale,
‘ No. CD-NQ001-980039
FCV 1-56 3-2 Manual operator Valve replaced by DCN
. W17935A
HPCIRCIC/Aux, Boiler
Drains - MSIV Pit .
- HPCI Drain at MS drain 4-1 Inadequate bending Modified two supports
connection leg per DCN T40871A and
BFN Calc. No.
CD-N0001-980039
MS PT 1-72,76, 82, 86 & 93
MS instrument tubing 5-1 Overspan on 1" pipe to | Missing clamp replaced
PT 1-86 per DCN T40871A
1/2 in. Line to PT 1-86 5-2 Interaction with steel & | Re-route
pipe piping/instrumentation
line per DCN T40871A
and BFN Calc. No. CD-
N0001-980039
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Table 4-2 (CONT.)

BROWNS FERRY UNIT 3
MSIV "OUTLIERS" RESOLUTION SUMMARY

SYSTEM DESCRIPTION | OUTLIER OUTLIER RESOLUTION METHOD
DESCRIPTION
Main Steam Sample to
Station
Sample linesB & D 6-1 Missing tubing support | Missing clamps replaced per
' clamps WR C193204
Sample lines A, B,C,D 6-2 Inadequate flex legs at | Added four supports and
MS line removed four supports per
DCN T40871A and BFN
Calc. No. CD-N0001-980039
PT 16A/B 6-3 Inadequate flex legs at -| Modified two supports per
MS line " | DCN T40871A and BFN
Calc. No. CD-N0001-980039
Sample Station 6-4 Temperature bath Anchorage provided per
anchorage DCN T40871A and BFN
Calc. No. CD-N0001-980039
Main Steam Bypass .
Main Steam Bypass Valve 7-1 Valve performance Resolved per BFN Calc. No.
CD-N0001-980038
SV Above Seat Drains
FCV 6-100, 101, 102, 103 8-1 Short rod hangers Modified rod hangers per

DCN T40871A and BFN
Calc. No. CD-N0001-980039

Steam to Steam Seal

Regulator
MS to FCV 1-146 9-1 Overspan piping Resolved per BFN Calc. No.
. : . CD-N0001-980039
PCV 1-147 g-2 Hand wheel in proximity | Resolved per BFN Calc. No.
to WF section . CD-N0001-980039
- PCV 1-147 air line 9-3 Inadequate flexibility & | Resolved per BFN Calc. No.
blockwall interaction CD-N0001-980039
PCV 1-147 9-4 Extended valve Resolved per BFN Calc. No.
operator CD-N0001-980039

P:Mtemp\2009 1 8\subrpt.doc



————

- amdbent e . - ee

G T e e

- —— iy ¢ B A s i a8 v O - . W e s,

200918-R-002
Revision 0

CD-N0001-990113 Page A52

Attachment

... Table 4-2 (CONT.)

BROWNS FERRY UNIT 3
MSIV "OUTLIERS" RESOLUTION SUMMARY

August 31, 1999
Page 52 of 75

SYSTEM DESCRIPTION | OUTLIER OUTLIER RESOLUTION METHOD
DESCRIPTION
Steam Supply to RFP
Turbines
Steam supply line 101 Inadequate flex leg at Remove hanger per DCN
MS header T40871A and BFN Calc. No.
CD-N0001-980039
Steam supply line 10-2 Stanchion supports Replace two spring hangers

per DCN T40871A and BFN
Calc. No. CD-N0001-980039

Steamn supply line 10-3 TB crane overhead Resolved per BFN Cale. No.
.| CD-N0001-980039
RFT Stop Valve above 10-4 Lass mass on 1/2 and Resolved per BFN Calc. No.
seat drains 3/4 inch lines CD-N0001-980039
Tubing to Pl 1-126 10-5 Missing tubing clamps — | Missing clamps replaced per
overspan WR-C193201
Steam Supply to SJAE's
SJAE 3A/B 111 Anchorage and cracked | Anchorage resolved per BFN
pedestal Calc. No. CD-N00O1-
980039; Cracked concrete
pedestal repaired per WR-
C193206
SJAE 3B 11-2 Loose anchor bolt nut Re-torqued loose nut per
WR-C193205
Drain to Condenser 11-3 Drain ties to multi- Re-route piping per DCN
system collector T40871A and BFN Calc. No.
CD-N0001-980039
Steami Supply to Off-Gas
Preheaters
PCV 1-175A/B 12-1 Masonry wall ' To be resolved by the
proposed installation of NEW
boundary valves to
Preheaters A & B
Steam supply line to 122 Vertical restraint of line | Resolved per BFN Calc. No.
FCV 1-178A/B at FCV 1-178 CD-N0001-980039
PCV 1-175A/B, 12-3 Valve performance To be resolved by the
FCV 1-178A/B proposed installation of NEW
' boundary valves to
Preheaters A& B
Condenser
Condenser and anchorage 1341 Evaluate Resolved per BFN Calc.
adequacy condenser/anchorage No. CD-N0001-980038
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Table 4-3
Design Basis for Browns Ferry ALT Related Piping and Supports .
Piping Design | Design | Pipe | Pipe -Piping Typical Piping
Description Temp. | Press.’| Size | Sch. | D/t Material Support Types Design
(F) | (psig) | (NPS) Basis
MS Lines from outboard MSIV's to 562 1146 24 80 20 | ASTM A-106 Spring hangers USAS
MS Header and to Turbine Stop 1 160 5 |GradeB Verlical struts B31.1- 1967
Valves i
Main Steam Header 562 1146 24 80 20 | ASTM A-155 Spring hangers USAS
Grade KC-70 B31.1- 1967
MS Stop Valve Above Seat 562 1146 1 160 5 | ASTM A-106 Rod hangers USAS
Leak-off Grade B B31.1- 1967
Turbine Bypass Valve Header 562 1146 18 80 19 | ASTM A-106 Rigid supports USAS
Grade B Rod and Spring hangers B31.1- 1967
MS Steam Supply to RFP Turbine 562 1146 6 80 15 | ASTM A-106 Rod and Spring hangers USAS
Stop Valves 4 80 13 | GradeB Stanchion supporis B31.1- 1967
MS Steam Supply from MS Header 562 1146 3 160 8 | ASTM A-106 Rod and Spring hangers USAS
to SJAE’s to the Condenser 2 160 7 | GradeB B31.1- 1967
1-1/2 | 160 7
1 160 5
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Table 4-3 (CONT.)
Design Basis for Browns Ferry ALT Related Piping and Supports
Piping Design | Design { Pipe | Pipe ~ Piping Typical Piping
Description Temp. | Press. | Size | Sch. | D/t Material Support Types Design
(F) | (psig) | (NPS) ' Basis
MS Steam Supply to Steam Seal 562 1146 4 80 13 | ASTM A-106 Rod hangers USAS
Regulators Grade B B31.1- 1967
MS Steam Supply from MS Header 562 1146 2 160 7 | ASTM A-106 Rod hangers USAS
to the Off-Gas Preheaters A& B Grade B B31.1- 1967
2 [ 160 7 { ASTM A-335 New piping associated with the
Grade P11 proposed installation of new boundary
. valves to Preheaters A& B
.| MS Outboard Drains from MS Lines 562 1146 3 160 8 | ASTM A-106 Stanchion supports USAS
to the Main Drain Line 2 160 7 | GradeB B31.1- 1967
1 160 5
3 160 8 | ASTM A-333
2 160 7 | Gradel
Main Drain Line to the Condenser 562/ | 1146/ 4 80 13 | ASTM A-106 Rod and Spring USAS
450 400 3 160 8 Grade B hangers B31.1- 1967
1 160 5 Stanchion supports
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Table 4-3 (CONT.)
Design Basis for Browns Ferry ALT Related Piping and Supports
Piping Design | Design | Pipe Pipe Piping Typical Piping
Description Temp. | Press. | Size Sch. [ D/t Material Support Types Design
(°F) (psig) | (NPS) Basis
HPCI Drain to MS Drain; 450 400 2 160 7 | ASTM A-106 Rigid supports USAS
RCIC Drain to HPCI Drain; 1 160 5 |GradeB B31.1- 1967
Aux. Boiler Drains to HPCI/RCIC/
Reactor Building Drain Line 270 415 1 160 5 i
Misc. PT Instrument Lines 562 1146 1 160 5 | ASTM A-106 Rigid supports USAS
Sample Lines to Sample Station Grade B B31.1- 1967
W 049" -- | ASTM A-213 Rigid supports -
tubing | (wallt) SS Gr. TP-304 (lube clamps)
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Pipe Size Pipe Wall
Facility (NPS) 0.D. Schedule | Thickness | D/t
(inch) (inch)

24 24.0 20 0.375 64

20 20.0 20 0.375 53

18 18.0 30 0.437 41

16 16.0 30 0.375 43

14 14.0 30 0.375 37

12 12.75 40 0.406 31

12 12.75 30 0.330 39

10 10.75 160 1.125 10

8 8.625 160 0.906 10

Valley Steam Plant 6 6.625 40 0.280 24
Units 1 &2 4 4.50 160 0.531 8
4 . 4.50 40 0.237 19

3 3.50 160 0.437 8

3 3.50 80 0.300 12

3 3.50 40 0.216 16

2 2.375 160 0.343 7

2:- 2.375 40 0.154 15

1% 1.90 160 0.281 7

1%2 1.90 40 0.145 13
1 1.315 40 0.133 10

Y% 1.05 160 0.218 5

% 0.113 9
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Table 4-4 (CONT.)
Seismic Experience Database Piping Data

Pipe Size Pipe Wall
Facility (NPS) O0.D. Schedule | Thickness | D/t
(inch) (inch)
20 20.0 STD 0.375 53
18 18.0 160 1.781 10
18 18.0 XS 0.500 36
18 18.0 STD 0.375 48
14 14.0 40 0.437 32
14 14.0. STD 0.375 37
12 12.75 160 1.312 10
12 12.75 STD 0.375 34
10 10.75 40 0.365 29
8 8.625 160 0.906 10
8 8.625 120 0.718 12
8 8.625 40 0.322 27
6 6.625 120 0.562 12
6 6.625 40 0.280 24
El Centro 4 4.50 80 0.337 13
Steam Plant 4 4.50 40 0.237 19
3 3.50 160 0.437 8
3 3.50 80 0.300 12
3 3.50 40 0.216 16
2 2.375 160 0.343 7
2 2.375 80 0.218 11
2 2.375 40 0.154 15
1%%" 1.90 160 0.281 7
1% 1.90 80 0.200 10
1% 1.90 40 0.145 13
1 1.315 80 0.179 7
1 1.315 40 0.133 10
% 1.05 80 0.154 7
% 1.05 40 0.113 9
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Table 4-4 (CONT.)
Seismic Experience Database Piping Data

-| Pipe Size Pipe wall
Facility (NPS) 0.D. Schedule | Thickness | D/t
(inch) (inch)

16 16.0 -- 1.394 11

12 12.75 - 1.148 11

8 8.625 160 0.906 10

8 8.625 30 0.277 31

6 6.625 160 0.562 12

6 6.625 40 0.280 24

4 4.50 160 . 0.531 8

4 4.50 80 0.337 13

Moss Landing 4 4.50 40 0.237 19
Units 1,2 & 3 Sk 3.50 160 0.437 8
3 3.50 80 0.300 12

3 3.50 40 0.216 16

2 2.375 160 0.343 7

2 2.375 80 0218 | 11

2 2.375 40 0.154 15

1% 1.90 160 0.281 7

1% 1.90 80 0.200 10

1 1.315 160 0.250 5

1 1.315 80 0.179 7

% 1.05 160 0.218 5

% 1,05 80 0.154 7
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Table 4-4 (CONT.)
Seismic Experience Database Piping Data
Pipe Size Pipe Wall
Facility (NPS) 0.D. Schedule | Thickness D/t
(inch) (inch)
24 24.0 40 0.687 35
24 24.0 - 1.066 23
-- 18.8 -- 2.287 8
16 16.0 40 0.500 32
16 16.0 - 0.902 18
-- 13.2 - 1.668 8
8 8.625 160 0.906 10
8 8.625 40 0.322 27
6 6.625 160 0.562 12
6 6.625 40 0.280 24
4 4.50 160 0.531 8
4 4.50 80 0.337 13
, 4 4.50 40 0.237 19
Moss Landing 3 3.50 160 0.437 8
Units 4 &5 3 3.50 80 0.300 12
3 3.50 40 0.216 " | .16
2 2.375 160 0.343 7
2 2.375 80 0.218 11
2 2.375 40 0.154 15
1% - 1.90 160 0.281 7
1%2 1.90 . 80 0.200 10
- 1% 1.90 40 0.145 13
1 1.315 160 0.250 5
1 1.315 80 0.179 7
1 1.315 40 0.133 10
Y 1.05 160 0.218 5
% 1.05 80 - 0.154 7
Y 1.05 40 0.113 )
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Table 4-4 (CONT.)
Seismic Experience Database Piping Data

Pipe Size Pipe Wwall
Facility (NPS) 0.D. Schedule | Thickness | Dit
(inch) (inch)

30 30.0 - 0.632 47

26 26.0 -- 1.128 23

18 18.0 -- 3.444 5

12 12.75 - 2.444 5

12 12.75 - 0.601 21

8 8.625 - 1.650 5

8 8.625 40 0.322 57

6 6.625 -- 1.268 5

6 6.625 40 0.280 24

4 4.50 -- 0.861 5

4 4.50 80 0.337 13

4 4.50 40 0.237 19

3 3.50 80 0.300 12

3 3.50 40 0.216 16

2% 2.875 - 0.550 5
'Moss Landing 2% 2.875 80 0.276 10
Units 6 & 7 2% 2.875 40 0.178 16

2 2.375 - 0.519 5

2 2.375 80 0.218 11

2 2.375 40 0.154 15

12 1.90 - 0.428 4
12 1.90 80 0.200 10
1%z 1.90 40 0.145 13

1 1.315 - 0.301 4

1 1.315 80 0.179 7

1 1.315 40 0.133 10

Y% 1.05 160 0.218 5

Y% 1.05 80 0.154 7

Y% 1.05 40 0.113 9

Yo 1.05 -~ 0.210 4

% 0.54 -- 0.153 4
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Table 4-4 (CONT.)
Seismic Experience Database Piping Data

Pipe Size Pipe Walli
Facility (NPS) 0.D. Schedule | Thickness | D/
(inch) (inch)

Ormond Beach 30 30.0 - 1.298 23
Units 1 &2 30 30.0 . 0.719 42

21 21.0 3.793 6

Humboldt Bay 12 12.75 80 0.687 19
Unit 3 10 10.75 80 | 0593 18

‘6 6.625 80 0.432 15
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Comparison of Browns Ferry and Selected Database Piping Parameters

Piping Parameter

Browns Ferry

Database Sites

Pipe Diameter
(inch)

1.315-24.0

1.05-30.0

Wall Thickness
(inch)

0.25-1.218

0.113-3.793

Diameter-to-
Thickness Ratio
(Ot
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Table 4-6
Bounding Evaluations of Typical Support Configurations
Support Type Critical Component Stress Ratio
Cantilever bracket Anchor bolts 73
Rod hanger Overhead weld .70
attachment
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Table 4-7

Browns Ferry Turbine Building Design Basis

Design Attribute

Description

Lateral Force Resisting
System Above the
Operating Deck

The Turbine Building above the operating deck is framed by
transverse welded steel rigid frames with fixed bases and
braced in the direction of the Reactor Building to provide the
resistance to lateral forces.

Lateral Force Resisting
System Below the
Operating Deck

The Turbine Building below the operating deck is a reinforced
concrete structure. Concrete walls serve as shear walls for
the lateral loads in the direction of the Reactor Building.

Design Codes

General: Uniform Building Code (UBC)
Concrete: American Concrete Institute (ACI 318-1963)
Steel: American Institute of Steel Construction (AISC) -1963

Seismic Design Basis

UBC zone 1

Wind Design Basis

Wind speed of 100 mph
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Design Moss Landing Ormond Beach Browns
Attributes Units6 &7 Units 1 & 2 Ferry
Condenser Ingersoll-Rand Southwestern Foster Wheeler
Manufacturer
Flow Type Single Pass Single Pass Single Pass
Condenser Dimensions 65 ft. x 36 ft. 62 ft. x 27 ft. 58 ft. x 32 ft.
(LxWxH) x 47 ft. X 20 ft. - X 47 ft.

Condenser

Surface Area

435,000 sq. ft.

210,000 sq. ft.

222,000 sq. ft.

Condenser Shell Cu Bearing Cu Bearing ASTM A-285C
Material ASTM A-285C ASTM A-285C

Condenser Shell 3/4" 3/4" 7/8"
Thickness

Condenser Operating 3,115 kips 1,767 kips 2,076 Kips
Weight .

Tube Material Al-Brass 90-10 Cu-Ni Al-6XN
Tube Size 1" dia. 1" dia. 7/8" dia.
Tube Length 65 ft. 53 ft. 50 ft.
Tube Wall Thickness 18 BWG 20 BWG 22 BWG
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Design Moss Landing Ormond Beach Browns

Attributes Units 6 & 7 Units 1 & 2 Ferry
Number of Tubes 25,590 15,220 19,480
Tube Sheet Muntz Muntz ASTM A-285C
Material
Tube Sheet 1-1/2" 1-1/4" 1-1/4"
Thickness
No. of Tube Support 15 14 15
Plates
Tube Support Not Given Cu Bearing ASTM A-285C
Plate Material ASTM A-285C
Tube Support 3/4" 5/8" 7/8"
Plate Thickness o
Tube Support 48 in. 36in. 39in.
Plate Spacing
Water Box Material 2% Ni Cast Iron Cu Bearing ASTM A-285C

ASTM A-48 ASTM A-285C
Class 30

Expansion Joint Rubber Belt Stainless Steel Rubber Belt
Hotwell Capacity 20,000 gal. 34,338 gal. 28,000 gal. (max.)
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65T — 64
o5 4 Browns Ferry 24
D Database )
20
20 + 19 @
16
15 118
15 B 13 | &
D/t 13 13 =
10 + 8
7] | 7=
- B
5
st LB U =5 5 -
— 5 5
4 2 5 5
! 1 ] ! ! | !
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0 1 1% 2 3 4 6 18 and Above
Pipe Size (NPS)
Figure 4-1

Comparison of Browns Ferry and Selected Database Piping D/t Ratios
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Size Comparison of Browns Ferry Condenser
with Selected Database Condensers

Browns Ferry

222,000

Ornmond Beach 2"‘

S5

TR :
P Cpt TR TR 2 b AN
Moss Landing % ﬁ{’i —:..:. R

1
=T

0 50,000
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Figure 4-2 Size Comparison of Browns Ferry Condenser with Selected Database
Condensers
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Weight Comparison of Browns Ferry Condenser
with Selected Database Condensers
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Figure 4-3 Weight Comparison of Browns Ferry Condenser with Selected
Database Condensers
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Height Comparison of Browns Ferry Condenser
with Selected Database Condensers
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Figure 4-4 Height Comparison of Browns Ferry Condenser with Selected
Database Condensers .
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Anchor bolts with slotted holes directed
from center anchor plate

Anchor bolts with slotted holes perpendicular

Fixed anchor plate

Figure 4-6 Schematic Plan View of Browns Ferry Condenser Anchorage
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Comparison of Browns Ferry Condenser Anchorage
with Selected Database Condensers
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Figure 4-7 Comparison of Browns Ferry and Selected Database Condenser
Anchorage to Seismic Demand for Direction Parallel to the Turbine
Generator Axis- -
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Figure 4-8

Comparison of Browns Ferry and Selected Database Condenser
Anchorage to Seismic Demand for Direction Transverse to the Turbine
Generator Axis

P:\temp\200918\subrpt.doc



L - - st s R e
. ot . .. .ot .

-

e s N arts . Do Ve o L. AV B AW e devn = v e B R e oo e e eat e emee me s s - . emtw ce e e -

10.

CD-N0001-990113 Page __ A5
hment
Attachment_4 200918-R-002

Revision 0
August 31, 1999
Page 75 of 75

5. REFERENCES

“BWROG Report for Increasing MSIV Leakage Rate Limits and Elimination of Leakage
Control Systems”, GE NEDC-31858P, Revision 2, September 1993.

Safety Evaluation of GE Topical Report, NEDC-31858P, Revision 2, "BWROG Report
for Increasing MSIV Leakage Rate Limits and Elimination of Leakage Control Systems”,
U.S. Nuclear Regulatory Commission, March 3, 1999,

“Browns Ferry - Unit 3, MSIV Seismic Verification Summary Report®, EQE Report No.
200621-R-001, Revision 0, September 1998.

*Browns Ferry - Unit 2, MSIV Seismic Verification Summary Report®, EQE Report No.
200918-R-001, Revision 0, August 1999.

“Generic Implementation Procedure (GIP) for Seismic Verification of Nuclear Plant
Equipment”, Rev. 2A, March 1993, Prepared by Winston & Strawn, EQE, et al., for the
Seismic Qualification Utility Group (SQUG).

BFN Calculation No. CD-N0001-980039, “Main Steam Seismic Ruggedness
Verification™.

BFN Calculation No. CD-N0001-980038, “Main Steam Seismic Ruggedness Evaluation”.
BFN General Design Criteria, BFN-50-C-7102, “Seismic Design”, Revision 3.

BFN Detailed Design Criteria, BFN-50-C-7306, “Qualification Criteria for Seismic Class
Il Piping, Pipe Supports, and Components”, Revision 1.

BFN Calculation No. CD-N0001-990113, “MSIV Seismic Evaluation Report”. Rl R

eaE.



CD-N0001-990113 Page_B)

Attachment _p

 CALCULATION COVER SHEET

INTERNATIONAL

Calculation No.

Project:

200918-C-002

TVA BFN MSIV LEAKAGE TECH SPEC CHANGE

Calculation Title:

ADDITIONAL SEISMIC EVALUATIONS FOR THE BFN CONDENSERS

References:

See Section 3.0

Attachments:

Total Number of Pages (Including Cover Sheet): 15
Revision |. Approval
Number Date Description of Revislon Originator Checker Approver
0 8/30/99 | ORIGINAL ISSUE F.R. BEIGI J.0.DIZON | J.0.DIZON
?/37 C),?)D'Zw D.O(D%

J\bfnpmsivicalc91802.doc



T YA Ta et

N .. et o e atwm Tl L . - -, .
FRTPURPIRAN- SIS S L. SRR WPy VRS S0t - T i YPr D S0 VSO s L T -

CD-N0001-990113 Page EZ

Attachment __R
. SHEETNO. 2
JOBNO. 200918 JOB  BFN MSIV TECH SPEC CHANGE BY 25~ DATE g/zT,
CALC.NO. C-002 SUBJECT ADDITIONAL SEISMIC EVALUATIONS FOR CHK QQ-Q DATE m
THE BFN CONDENSERS
Table of Contents
Page
1.0 PURPOSE ...cociirtiinetiisinnisnisniennsisinisseissstssssisssssesssstsosasssssssenssass sssssasasassssssssssasas 3
2.0 SCOPE & METHODOLOGY ..cccvviernissrcsiessssnossntsssssisssssssssssssssssstsssnsissssssssss sasssssssssnssns 3
3.0 REFERENGES ...ccccicivnnerirnnnicrnisssniinienssensssiesssssissniossssstsesssstsssssssssensssssssasassonssssssssassss 4
4.0  SEISMIC EVALUATIONS wueeeeeevevesssrssseresssssssssssasssmsssees st 5
5.0  CONCLUSION uiiciiiiniiiniinitiinsissessnsossecsssesssisessstesssssssstssssssossssssssssessosssssssssssssssssasossans 15
Tables
Table 1 — Comparison of Browns Ferry and Selected Database CONAENSETS weevreneerrerenrens 10
Figures

Figure 1 — Gomparison of Browns Ferry DBE Ground Spectrum with Selected

Database Site Ground Spectra .......ciccecieeiiiiiiiiniiniiniiiieriiiia. 12
Figure 2 — Comparison of Browns Ferry DBE and Moss Landing Power Plant

GrouNd SPECIIA covuciereiaiianiuiinnirectiriiisstireracrstieessstsssssreerssrscsssssasosesnsasannes 13
Figure 8 — Comparison of Browns Ferry DBE and Ormond Beach Power Plant

(€170 3 o JRS] oT=T o1 - L g PN 14

J:\bfnpmsivicalc91802.doc



%‘

.ﬂIlN ATIONA L

CD-N0001-990113 Page 83
Attachment _ B

SHEET NO.

JOBNO. 200918 Jos BFN MSIV TECH SPEC CHANGE BY DATE s
CALC.NO. C-002 SUBJECT ADDITIONAL SEISMIC EVALUATIONS FOR CHK DATE 8’21 362‘1‘5

THE BFN CONDENSERS

3

1.0 PURPOSE

The purpose of this calculation is to document the results of the additional seismic evaluation
performed on the BFN condensers, as part of the seismic adequacy verification of the
components associated with the MSIV Alternate Leakage Treatment (ALT) pathway.

2.0 SCOPE & METHODOLOGY

The BFN condensers are the terminal boundary points of the MSIV alternate leakage treatment
(ALT) pathway, hence, they are necessary to maintain structural integrity following a Design
Basis Earthquake (DBE). The condensers are located in the Turbine Building and are not
designated as Seismic Class | systems.

As part of the plant specific seismic verification of the non-seismic components using the

- earthquake experience-based approach as outlined in the BWROG Report (Reference 1), the

following reviews are performed to demonstrate that the BFN condensers fall within the bounds
of the experience database and/or exhibit adequate seismic capacity:

. Review of the condenser design codes and standards, design
‘ characteristics and parameters, and support/anchorage configurations.

. Verification walkdown to identify potential seismic interaction concerns.
. Engineering evaluations of the condenser and support configurations.

The BFN condensers are evaluated using both seismic experience data from past
earthquakes and engineering analysis. Analytical evaluations of the condenser and
support anchorage are performed in accordance with the guidelines in the Generic
Implementation Procedure (GIP, Reference 5), and the general requirements of the
American Institute of Steel Construction (AISC, Reference 6), as applicable.
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4.0 SEISMIC EVALUATIONS

The BFN condensers consist of three single-pass, single pressure, radial flow type surface
condensers. Each condenser is located beneath each of the three low pressure turbines, and is
structurally independent. Table 1 lists the design data for BFN condensers and for the two
experience database sites listed in the BWROG Report (i.e., Moss Landing 6 & 7, and Ormond
Beach 1 & 2). Design characteristic comparisons of the BFN condensers with the above two
selected database condensers are presented in details in Reference 8. These include size
(surface area), weight, height, and plan corhparisons. The BFN condenser design data is
comparable to the data for these two database sites. '

The BFN condenser anchorage was compared with the performance of similar condenser in the
earthquake experience database. The shear areas of the condenser anchorage, in the directions
parallel and transverse to the turbine generator axis, divided by the seismic demand, were used
to compare with those presented in the BWROG Report (Reference 1). The BFN condenser
anchorage shear area to seismic demand is substantially greater than the selected database
sites. The condenser support anchorage was also evaluated and the results indicate that the
combined seismic DBE and operational demand is less than the anchorage capacity based on
the AISC allowables. Maximum stress ratios are 0.70 for bolt tension in the perimeter support
feet, and 0.86 for shear in the center support built-up section. Detailed description of the BFN
condenser support anchorage and anchorage evaluations are presented in Reference 8.

A composite comparison of the ground response spectra of selected earthquake experience
database sites with the conservatively estimated BFN DBE ground spectrum (i.e., 0.2g Housner
input spectrum at rock outcrop scaled by 1.6 to account for soil amplification) is shown in

Figure 1. In general, the earthquake experience database sites have experienced strong ground
motions that are in excess of the BFN DBE at the frequency range of interest (i.e., about 1 Hz.
and above), with the exception of the Ormond Beach site. Many of the database site ground
motions envelope the conservatively estimated BFN DBE ground spectrum by large factors in
various frequency bands within the 1 Hz. and above range. Figures 2 and 3 show the individual
comparison plots of the conservatively estimated BFN DBE ground spectrum with the Moss
Landing and Ormond Beach site spectra, respectively.

J:\bfnpmsivicalc91802.doc



. P e e et : o
- - -
- [ECE S SET L. . 8
R 3 LT et YL L - e R PPt o e me e i
P R e i R L TR L B LS Sppver DT I S Sl - ek W, W% e S S et . ¢ e o e PO L S - " . me -

CD-N0001-990113 Paée B¢E

Attachment
SHEETNO. &
JOBNO. 200918  JOB  BFNMSIVTECH SPEC CHANGE BY B DATE ¢-2+_q94
%ﬂ_ﬁ CALC.NO. €002  SUBJECT ADDITIONAL SEISMIC EVALUATIONS FOR CHK YD  DATE ¢/30]44
= THE BFN CONDENSERS

SEm——
ANTERNATIONAL

The Ormond Beach Power Plant was affected by the magnitude 5.8, Point Mugu Earthquake in
1973, which was considered to be a relatively moderate earthquake, and was substantially lower
than the 1989 Loma Prieta Earthquake (Magnitude 7.1) as experienced in the Moss Landing
Power Plant as well as those experienced by most of the other database sites.

To ensure that adequate seismic margins exist in the BFN condensers in the event of a plant
DBE, additional seismic evaluation was performed to verify the overall structural integrity of the
condensers, as shown in pages 7 to 9 of this calculation. Results of the evaluation indicate that
the condenser shell stresses due to the seismic DBE loads are small. Maximum stress ratios,
based on AISC allowables, are 0.12 for combined axial and bending and 0.10 for shear.
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Table 1

. Design NE Moss Landing |- Ormond Beach | - Browns .
- - Attributes “Units6&7 | - Units1&2  Ferry
Condenser Ingersoll-Rand Southwestern Foster Wheeler
Manufacturer
Flow Type Single Pass Single Pass Single Pass
Condenser Dimensions 65 ft. x 36 ft. 52 ft. x 27 ft. 58 ft. x 32 ft.
(LxWxH) x 47 ft. x 20 ft. X 47 ft.
Condenser 435,000 sq. ft. 210,000 sq. ft. 222,000 sq. ft.
Surface Area
Condenser Shell Cu Bearing Cu Bearing ASTM A-285C
Material ASTM A-285C ASTM A-285C
Condenser Shell 3/4" 3/4" 7/8"
Thickness
Condenser Operating 3,115 Kips 1,767 kips 2,076 kips
Weight
Tube Material Al-Brass 90-10 Cu-Ni Al-6XN
Tube Size 1" dia. 1" dia. 7/8" dia.
Tube Length 65 ft. 53 ft. 50 ft.
Tube Wall Thickness 18 BWG 20 BWG 22 BWG
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Table 1 (cont.)

Comparison of Browns Ferry and Selected Database Condensers

g} Design ; Moss Landmg. Ormond Beach . Browns
Number of Tubes 25,590 15,220 19,480
Tube Sheet Muntz Muntz ASTM A-285C
Material
Tube Sheet 1-1/2" 1-1/4" 1-1/4"
Thickness
No. of Tube Support 15 14 15
Plates
Tube Support Not Given Cu Bearing ASTM'A-285C
Plate Material ASTM A-285C
Tube Support 3/4" 5/8" 7/8"
Plate Thickness
Tube Support 48 in. 36in. 39in.
Plate Spacing
Water Box Material 2% Ni Cast Iron Cu Bearing ASTM A-285C

ASTM A-48 ASTM A-285C
Class 30
Expansion Joint Rubber Belt Stainless Steel Rubber Belt
Hotwell Capacity 20,000 gal. 34,338 gal. 28,000 gal. (max.)
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5.0 CONCLUSIONS

The comparisons of the condenser seismic experience data, supplemented by the additional
condenser evaluation and the anchorage capacity evaluations demonstrate that the conclusions
presented in the BWROG Report (Reference 1) can be applied to the BFN condensers. That is,
a significant failure of the condenser in the event of a DBE at BFN is highly unlikely and contrary
to the large body of historical earthquake experjence data.
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1.0 PURPOSE

The purpose of this calculation is to document the seismic adequacy verification of the main
steam drain piping and related supports that are associated with the MSIV Alternate Leakage
Treatment (ALT) pathway.

20 SCOPE & METHODOLOGY

The MSIV alternate leakage treatment (ALT) piping systems a;xd related components at Browns

Ferry, i.e., those portions downstream of the outboard Main Steam Isolation Valves (MSIV's) and
the outboard Main Steam Drain Isolation Valve (MSDIV), are located in the Turbine Building and
are not designated as Seismic Class | systems. |

As part of the plant specific seismic verification of the non-seismic ALT piping, related supports
and components using the earthquake experience-based approach as outlined in the BWROG
Report (Reference 1), the following reviews will be performed to demonstrate tha't the piping and
related supports fall within the bounds of the experience database:

. Review of the design codes and standards, piping design parameters, and '
support configurations.

. Seismic verification walkdown to identify potential piping concerns.
. Seismic evaluations of selected bounding support éonﬁgurations.

Support evaluations will be performed in accordance to the general requirements of the
American Institute of Steel Construction (AISC, Reference 6).
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3.0 REFERENCES

1. “BWROG Report for Increasing MSIV Leakage Rate Limits and Elimination of Leakage
Control Systems”, GE'NEDC-31858P, Revision 2, September 1993. .

2. Safety Evaluation of GE Topical Report, NEDC-31858P, Revision 2, “BWROG Report for
Increasing MSIV Leakage Rate Limits and Elimination of Leakage Control Systems”, U.S.
Nuclear Regulatory Commission, March 3, 1999.

- 3. “Browns Ferry - Unit 2, MSIV Seismic Verification Summary Report’, EQE Report No.
200918-R-001, Revision 0, August 1999. '

4, “Browns Ferry - Unit 3, MSIV Seismic Verification Summary Report”, EQE Report No.
200621-R-001, Revision 0, September 1998.

5. “Generic Implementation Procedure (GIP) for Seismic Verification of Nuclear Plant
Equipment”, Rev. 2A, March 1993, Prepared by Winston & Strawn, EQE, et al., for the
Seismic Qualification Utility Group (SQUG).

6. AISC, “Manual of Steel Construction”, Eighth Edition, 1980.
7. USAS B31.1 - Power Piping, 1967. Also, ANSI/ASME B31.1 — Power Piping, 1983.
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4,0 SEISMIC EVALUATIONS

In general, the Browns Ferry ALT piping systems are typically designed to the requirements of
USAS B31.1-1967 code (Reference 7), and consist of welded steel pipe and standard support
components. Support spacing generally meets the B31.1 recommended span. The design
bases for the portions of piping associated with the ALT pathway to the condensers are tabulated
in Table 1. Table 2 presents a general summary of the piping data that constitute the seismic
experience data. Figure 1 shows the comparison of the selected database site spectra with
Browns Ferry DBE ground spectrum which indicates that the BFN DBE ground spectrum is
generally bounded by those of the earthquake experience database sites at the frequencies of
interest. Hence, the use of earthquake experience-based approaching for demonstrating the
seismic ruggedness of non-seismically analyzed piping and related components at BFN,
consistent with the BWROG's recommendations, is appropriate. Comparison of Browns Ferry
and selected database piping parameters is presented in Table 3, along with Figure 2, which
presents a comparison of D/t ratios of the BFN ALT drain piping with those found in the
database. Overall, the BFN piping design is similar to and well represented by those found in the
experience database sites that have shown to perform well in past earthquakes. -

Browns Ferry FSAR does not reference Appendix Ato 10 CFR Part 100. As such, bounding
analysis for the selected portion of the ALT piping system is not required (Reference 2). The
seismic adequacy of the ALT piping is addressed by performing seismic verification walkdowns
to identify specific design attributes associated with poor seismic performance, following the
guidelines as presented in the BWROG Report (Reference 1). The results of the walkdowns, '
including the resolution of the identified outliers, were presented in the respective MSIV
Walkdown Summary Reports for Units 2 and 3 (References 3 and 4).

Furthermore, bounding evaluations are performed for typical support configurations as shown in
pages 6 to 15 of this calculation. Table 4 summarizes the results of the support and anchorage
evaluations.
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Design Basis for Browns Ferry ALT Related Piping and Supports

Piping Design | Deslign,|. Pipe: |. Pipe.| el
Description Temp.'| Press.”|"Sizex |:Sch:i| D/t
_CF) | (pslg).[ (NPS) [T 2~ " _
MS Lines from outboard MSIV's to 562 1146 24 80 20 | ASTMA-106 Spring hangers USAS
MS Header and to Turbine Stop 1 | 160 5 |} GradeB Vertical struts B31.1- 1967
Valves !
Main Steam Header 562 1146 24 80 20 | ASTM A-155 Spring hangers USAS
Grade KC-70 B31.1- 1967
MS Stop Valve Above Seat 562 1146 1 160 5 | ASTMA-106 Rod hangers USAS
Leak-off Grade 8 B31.1- 1967
Turbine Bypass Valve Header 562 1146 18 80 19 | ASTM A-106 Rigid supports USAS
Grade B Rod and Spring hangers B31.1- 1967
MS Steam Supply to RFP Turbine 562 1146 6 80 15 | ASTM A-106 Rod and Spring hangers USAS
Stop Valves 4 80 13 | GradeB Stanchion supports B31.1- 1967
MS Steam Supply {rom MS Header 562 1146 3 160 8 | ASTMA-106 Rod and Spring hangers USAS
to SJAE's to the Condenser 2 160 7 | GradeB B31.1- 1967
1-1/2 | 160 7
1 160 5
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Deslign Basis for Browns Ferry ALT Related Piping and Supports

Piping Design | Design | . Pipe: | .Plpe {..... ‘| s Typleal i, v/ 1 -~ Piping
Description Temp. | Press.:|’ Size! |, Sch.s DIt Support Types -:: -Design
' CF) | (pslg) | (NPS) f.eci ™ ) T s [ Basls
MS Steam Supply ta Steam Seal 562 1146 4 80 13 | ASTM A-106 Rod hangers USAS -
Regulators Grade B B31.1- 1967
MS Steam Supply from MS Header 562 1146 2 160 7 | ASTM A-106 Rod hangers USAS
to the Olf-Gas Preheaters A4 B Grade B B31.1- 1967
2 160 7 | ASTMA-335 New piping associated with the
Grade P11 proposed installation of new boundary
valves to Preheaters A& B
MS Outboard Drains from MS Lines 562 1146 3 160 8 | ASTMA-106 Stanchion supports . | USAS,
to the Main Drain Line 2 160 7 | GradeB B31.1-1967
- 1 160 5
3 160 8 | ASTMA-333
2 160 7 | Grade 1 T
Main Drain Line to the Condenser 562/ 1146/ 4 80 13 | ASTM A-106 Rod and Spring USAS
450 400 3 160 8 Grade B hangers B31.1- 1967
1 160 5 Stanchion supports
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Deslgn Basls for Browns Ferry ALT Related l.’l;;lng ana-Suppohs

Pliping Design.| Design | Pipe: .| *Plpe:t|: oy (2 v Plping oo o5 iy e Typleals, b ).+ Piping
Description Temp."| :Press.| :Size :|-1Schi+ ' Material+ ! Support Types:..
('F) . (ps!g) " (NF"IS) . v L LN
HPCI Drain 1o MS Drain; 450" 400 2 160 ASTM A-106 Rigid supporis USAS
RCIC Drain to HPCI Drain; 1 160 Grade B B31.1- 1967
Aux. Boiler Drains to HPCI/RCIC/
Reactor Building Drain Line 270 415 1 160
Misc. PT Instrument Lines 562 1146 1 160 ASTM A-106 Rigid supports USAS
Sample Lines to Sample Station Grade B B31.1- 1967
W 049" ASTM A-213 Rigid supports -
tubing | (wallt) SS Gr. TP-304 (tube clamps)
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CD-N0001-990113 Page CI{4
Attachment  C

sHEETNO, 47
e JOBNO. 200918 JOB  BFN MSIV TECH SPEC CHANGE BY PRt DATE g.23.94
P CALC.NO. C-001  SUBJECT SEISMIC VERIFICATION OF THE MSIV ALT CHK O pate £/20/5
S PIPING AND SUPPORTS e S
JEANATIONAL
Table 2
Seismic Experience Database Piping Data
. Pipe Size Pipe - wall-
" Facility (NPS) 0.D. . | Schédule | Thickness | D/t
(inch) " . : (inch) =
24 24.0 20 0.375 64
20 20.0 20 0.375 53
18 18.0 30 0.437 41
16 16.0 30 0.375 43
14 14.0 30 0.375 37
12 12.75 40 0.406 31
12 12.76 30 0.330 39
10 10.75 160 1.125 10
8 8.625 160 0.806 10
Valley Steam Plant 6 6.625 40 0.280 24
Units 1 & 2 4 4.50 160 0.531 8
‘ 4 4.50 40 0.237 19
3 3.50 160 0.437 8
3 3.50 80 0.300 12
3 3.50 40 0.216 16
2 2.375 160 0.343 7
- 2 2.375 40 0.154 15
1% 1.90 160 0.281 7
1% 1.90 40 0.145 13
1 1.315 ‘40 0.133 10
Ya 1.05 160 0.218 ]
Y% 1.05 40 0.113 9
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Attachment __ C,

JOB BFN MSIV TECH SPEC CHANGE

BY

7Relnn

SUBJECT  SEISMIC VERIFICATION OF THE MSIV ALT

PIPING AND SUPPORTS

SHEETNO. 20

DATE

CHK :\Uﬂ DATE

£.23.99
z%&?:

Table 2 (cont.)

Seismic Experience Database Piping Data

: -Pipe Size Pipe . Wall
- Facility (NPS) . 0.D. Schedule | Thickness | Dt
(inch) (inch)
20 20.0 STD 0.375 53
18 18.0 160 1.781 10
18 18.0 XS 0.500 36
18 18.0 STD 0.375 48
14 14.0 40 0.437 32
14 14.0 STD 0.375 37
12 12,75 160 1.312 10
12 12,75 STD 0.375 34
10 10.75 40 0.365 29
8 8.625 160 0.906 10
8 8.625 120 0.718 12
8 8.625 40 0.322 27
6 6.625 120 0.562 12_,
—6 6.625 40 0.280 24
El Centro 4 4.50 80 0.337 13
Steam Plant 4 4.50 40 0.237 19
3 3.50 160 0.437 8
3 3.50 80 0.300 12
3 3.50 40 0.216 16
2 2.375 160 0.343 7
2 2.375 80 0.218 11
2 2.375 40 0.154 15
1% 1.90 160 0.281 7
1% 1.90 80 0.200 10
1% 1.90 40 0.145 13
1 1.315 80 0.179 7
1 1.315 40 0.133 10
% 1.05 80 0.154 7
% 1.05 40 0.113 9
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Attachment _ C

EQE SHEETNO. 2]
P — JOBNO. 200918 JOB  BFN MSIV TECH SPEC CHANGE BY PRe:: DATE g ._.04.49
R CALC.NO. C-001  SUBJECT SEISMIC VERIFICATION OF THE MSIV ALT cHK _ WOH  oaTE m
- SR PIPING AND SUPPORTS .

Table 2 (cont.)

Seismic Experience Database Piping Data

. - | PipeSize |  Pipe Wall
" Facllity = - |- (NPS) 0.D.". Schedule | Thickness | DA
T - 1 _~ (inch) ’ ' (inch) '
16 16.0 -- 1.394 11
12 12.75 - 1.148 11.
8 8.625 160 . 0.906 10
8 8.625 30 0.277 31
8 6.625 160 0.562 12
6 6.625 40 0.280 24
4 4.50 160 0.531 8
4 4.50 80 0.337 13
. 4 4.50 40 0.237 19
mi: '1'?2‘2”3 3 3.50 160 0.437 8
3 3.50 80 0.300 12
3 3.50 40 0.216 - 16
2 2.375 160 0.343 7
2 2.375 80 0.218 11
2 2.375 40 0.154 15
1% 1.90 160 0.281 7
1% 1.90 80 0.200 10
1 1.315 160 ~0.250 5
.1 1.315 " 80 0.179 7
% 1.05 160 0.218 5
% 1.05 80 0.154 7
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Attachment C

JOB NO. 200918 Jos 8FN MSIV TECH SPEC CHANGE .
CALC.NO. C-001 SUBJECT  SEISMIC VERIFICATION OF THE MSIV ALT
PIPING AND SUPPORTS

8Y ?.P «*
CHK E;!?

SHEETNO. 22

DATE
DATE

St

Table 2 (cont.)

Seismic Experience Database Piping Data

. Pipe Size Pipe Wall
" Facility (NPS) 0.D. Schedule | Thickness | Dft
(inch) * .| (inch)
24 24.0 40 0.687 35
24 24.0 i 1.066 23
- 18.8 - 2.287 8
16 16.0 40 0.500 32
16 16.0 - 0.902 18
.- 13.2 - 1.668 8
8 8.625 160 0.906 10
8 8.625 40 0.322 27
6 6.625 160 0.562 12
6 6.625 40 0.280 24
4 4.50 160 0.531 8
4 4,50 80 0.337 - 13
) 4 4.50 40 0.237 19 -
Mgiﬁ;—i“;'gg 3 3.50 160 0.437 8
3 3.50 80 0.300 12
3 3.50 40 0.216 16
2 2.375 160 0.343 7
2 2.375 80 0.218 11
2 2.375 "40 0.154 15
1% 1.90 160 0.281 7
1% 1.90 80 0.200 10
1% 1.90 40 0.145 13
1 1.315 160 0.250 5
1 1.315 80 0.179 7
1 1.315 40 0.133 10
%4 1.05 160 0.218 5
Y4 1.05 80 0.154 7
Y% . 1.05 40 0.113 9
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' Attachment _ C
SHEETNOD, €3
% JOBNO. 200918 JOB  BFNMSIV TECH SPEC CHANGE BY Z2A.: DATE g _pa.
SZE % CALC.NO. CX001  SUBJECT _SEISMIC VERIFICATION OF THE MSIV ALT CHK  Jof} DATE 225325%
B PIPING AND SUPPORTS
TERATionAL
Table 2 (cont.)
Seismic Experience Database Piping Data
. Pipe Size _Pipe Wall
Facility (NPS) 0.D. Schedule | Thickness | D/t
- _(inch) - (inch)
30 30.0 - 0.632 47
26 26.0 - 1.128 23
18 18.0 - 3.444 5
12 12.76 - 2.444 5
12 12.75 - 0.601 21
8 8.625 -- 1.650 5
8 8.625 40 0.322 27
6 6.625 - 1.268 5
6 6.625 40 0.280 24
4 4.50 - 0.861 5
4 4.50 80 0.337 13
4 4.50 40 0.237 19
3 3.50 80 0.300 12
3 3.50 40 0.216 16
2% 2.875 - 0.550 5
Moss Landing 2% 2.875 80 0.276 10
Units 6 & 7 2) 2.875 40 . 0.178 16
2 2.375 - 0.519 5
2 2.375 ‘80 0.218 11
- 2 2.375 40 0.154 15
1% 1.80 - 0.428 4
1% 1.90 80 0.200 10
1% 1.90 40 0.145 13
1 1.315 -- 0.301 4
1 1.315 80 0.179 7
1 1.315 40 0.133 10
% 1.05 160 0.218 5
Y4 1.05 80 0.154 7
Y% 1.05 40 0.113 9
¥ 1.05 - 0.210 4
Y4 0.54 - 0.153 4
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Attachment_ C
IE SHEETNO. 24
] JOBNO. 200918 JoB BFN MSIV TECH SPEC CHANGE BY 7Bes® DATE g.z+.
{E—E—g CALC.NO. C-001 SUBJECT SEISMIC VERIFICATION OF THE MSIV ALT cik  \oDU  DaTE ggozélj
. :&é‘_‘ PIPING AND SUPPORTS
e
Table 2 (cont.)
Seismic Expérience Database Piping Data
e . Plpe Size: ,'-'_;Pipé-_" o T wall
Facility (NPS) - 0.D. . §bh_g§u!e Thickness Di
o :_".-.(iF‘F.*.!) S DORRA ('"Ch) '
Ormond Beach 30 30.0 - 1.298 23
Units 1 & 2 30 30.0 : 0719 | 42
21 21.0 3.793 6
Humboldt Bay 12 12.75 80 0.687 19
Unit 3 10’ 10.75 80 0.593 18
6 6.625 80 0.432 15

_J:\bfnpmsivicalc91801.doc
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JOB NO. 200918 Jos

Attachment __ C

""" BFN MSIV TECH SPEC CHANGE BY PA.:: DATE

CALC.NO. C-001  SUBJECT _SEISMIC VERIFICATION OF THE MSIV ALT CHK T

PIPING AND SUPPORTS

SHEETNO. 25
g -23-94

DATE £ .75‘1

Comparison of Browns Ferry and Selected Database Piping Parameters

Table 3

Piping Parameter Browns Ferry Database Sites
Pipe Diameter 1.315-24.0 1.05 - 30.0
(inch)
Wall Thickness 0.25-1.218 < 0.113-3.793
(inch)
Diameter-to- )
Thickness Ratio 5-20 4-64
(Dh)
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JOB NO.  20231E JoB

Attachment €

BFN MSIV TECH SPEC CHANGE

SHEETNO. Zb

8Y PP, DATE g_am 43
i CALC.NO. C-001  SUBJECT SEISMIC VERIFICATION OF THE MSIV ALT cHk  Vo¥)  DaTE g% om
. r.t:". - 7
== PIPING AND SUPPORTS
SS——
FIRNATIONAL
Table 4

Bounding Evaluations of Typical Support Configurations

- . gt et
3 LRI T ¢

R

XA e,

Stress Ratlo ;..

Cantilever bracket

Anchor bolts

Rod hanger

Overhead weld
attachment
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- Attachment _ C
SHEETN2, 27

Jos NO.  20%::2 JOB BFN MSIV TECH SPEC CHANGE . zY  FBel’ DATE g-z3
R A CALC.NO. C-031  SUBJECT SEISMIC VERIFICATION OF THE MSIV ALT CHK 5@0 DATE ?__ﬁi_ /%0/$9
.
X PIPING AND SUPPORTS
Puinnsuet———
LAINATIONAL
Figure 1 _
Comparison of Database Site Spectra
to Browns Ferry DBE Ground Spectra
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Attachment C

JOB NO. 203515 Jos BFN MSIV TECH SPEC CHANGE

SHEETNO. 28

CALC.NO. C-001 SUBJECT SEISMIC VERIFICATION OF THE MSIV ALT

BY _2B..,. DATE g.23.
CHK JoU¥ DATE g.,%

et PIPING AND SUPPORTS
Figure 2
Comparison of Browns Ferry and
Selected Database Piping D/t Ratios
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Attachment _
SHEETNO.RF
JOBNO. 200918 Jos BFN MSIV TECH SPECCHANGE ., . BY 2R DATE _X-23-9%_
R CALC.NO. C-001 SUBJECT SEISMIC VERIFICATION OF THE MSIV ALT CHK t\aw DATE g{ /_ﬁ
2 PIPING AND SUPPORTS
e
“=Ei
ERNATIONAL

5.0 CONCLUSIONS

Based on the results of the seismic verification walkdowns and bounding support evaluations,

and upon the resolution of the identified walkdown outliers, it is reasonable to assume that the

ALT piping, related supports and components have adequate seismic capacity in the event of a
Design Basis Earthquake (DBE) at Browns Ferry.

JAbfnpmsivicalc91801.doc
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CALCULATION SHEET

MSIV SEISMIC EVALUATION REPORT

APPLICATION TO BFN UNIT 1

MSIV SEISMIC RUGGEDNESS VERIFICATION PROGRAM

Document: CDNO 001 99 0113 ‘ Rev.002 Plant BFN Unil(s): O
Subject: SEISMIC EVALUATION REPORT Prepared :__J.0. Dizon__Date: 6/02/04
: Checked :  S.J. Eder Date: 6/02/04
ATTACHMENTD

-DATE
6/02/04

CHECKER SIGNATURE

DATE
6/02/04

PRWIGNATURE
¢
N @)Wh———

John O, Dizon (Facility Risk Consultants, Inc.)

Stephen J. Eder}(Facility Risk Consultants, inc.)
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CALCULATION SHEET

s A PSS % nm - - ., e s mem e wE e om e om.m .

Document: CDNO 001 99 0113 Rev.002

Plant BFN

Unil(s): O

Subject: SEISMIC EVALUATION REFORT

Prepared :__J.O. Dizon _Date: 6/02/04

Checked :

S.J. gder Date: 6/02/04 |

D.1  PURPOSE

The purpose of this Attachment is to map the applicable sections of Attachments A,
B and C of this calculation for use in the BFN Unit 1 Increased MSIV Leakage Tech

Spec Change Submittal.
D.2 APPLICATION TO BFN UNIT 1

The following table presents a map purpose

1 Yes --- N/A
21 Yes .- NA
22 Yes .-- N/A
3.1 Yes .-- N/A
3.2 No 2.1 “--
A 3.3 No 4.1t04.16 .-
4.1 No 5.1t056.2 .-
4.2 Yes --- NA
4.3 Yes --- N/A
4.4 Yes* --- Ref. D-2 of Attachment D
5 Yes* --- References in Attachment D
1 Yes -ne NA
2 Yes --- N/A
B 3 Yes* .- References in Attachment D
4 Yes* --- Ref. D-2 of Attachment D
5 Yes .-- NA
1 Yes .-~ NA
2 Yes --- NA
C 3 Yes * --- Ref. D-1 of Attachment D
4 Yes * .-- Ref. D-1 of Attachment D
5 Yes --- NA

* Supplemented by the additional reference(s) listed.

Page D-2 of 3
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CALCULATION SHEET

Document: CDNO 001 99 0113

Rev.002

Plant BFN

Unit(s): O

Subject. SEISMIC EVALUATION REPORT

Prepared :__J.O. Dizon _Dale: 6/02/04

Checked :

S.J. Eder Date: 6/02/04

D.3 REFERENCES

D-1 Facility Risk Consultants, Inc., Report No. TVA/BFN-01-R-003, “MSIV Seismic
Ruggedness Verification at Browns Ferry Nuclear Plant Unit 1", Revision 0,
May 13, 2004. RIMS No. W87040520002.

D-2 TVA Calculation No. CDN1-000-2004-0041, “Seismic Verification of
Condenser and its Anchorage, MSIV Ruggedness Seismic Analysis —

Resolution of POS 15-1", Revision 000.
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