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WASHINGTON, O. C. 20555

SAFETY EVALUATION BY THE OFFICE OF SPECIAL PROJECTS

RELATING TO INTERIM OPERABILITY CRITERIA FOR THE SEISHIC DESIGN PROGRAM

TENNESSEE VALLEY AUTHORITY

BROWttS FERRY H(lCLEAR PLANT UNITS 1, 2 AND 3

DOCKET HOS. 50-259 50-260 At(0 50-291

1,0 INTRODUCTION AND BACKGROUND

As a result of different programs conducted by the Tennessee Valley Authority
(TVA) and several inspections conducted by HRC, various concerns were identified at
the Browns Ferry Nuclear Plant (BFH) Units 1, 2 and 3, related to the structural
design adequacy of safety related suspended s(stems. These concerns encompass
structural response to different loadings 1ncluding dead load, live load,
pressure, and temperature, as well as seismic loads. The root cause of these
concerns 1ncludes a lack of attent1on to design details when implement1ng
modfffcatfons and a weakness in quality control, which resulted in failures to
identify and adequately track var1ances, and a lack of seismic design criteria
records for the original design,

In order to regenerate new design records for the plant and to improve the
plant condition as necessary, TVA fn1tiated and submitted various programs, as
documented in the Browns Ferry Nuclear Performance Plan (BFNPP), Volume 3, to
correct deficiencies and to resolve the 1dentlf1ed concerns. These programs
need staff review and approval pr1or to the restart of BFN, Unit 2, and seismic .

design fs one of these programs.

The seismic design program covers the following areas:

'. Large bore piping and supports.
2. Small bore pfp1ng and supports.
3. Recirculating piping.

Torus piping {hoth internal and external).
5, I'.ontrol rod drive (CRD) piping and supports.
fi, Instrument tubing.
7. Cahle trav. and support"..
B, Electrical ".onduit and supports,
9, Heatinq, ventilation and air conditioning (H4AC) ductwork and supports.
10, Drywell steel platforms.
] 1, Hfscellaneous steel.
12, Suppression pool or torus structure including frrternal structural

components,
13, I'cchanfchl and electrical equipment.





14. Seismic Class Il features over seismic Class I features.
15. Secondary containment penetrations.

Among these )5 design areas, the corrective actions for areas (4), (6), (7),
()2) and ( 13) are either completed by TVA or are to be taken as a part of the
resolution of NRC Unresolved Safety Issue {USI) A-46 for which the implementa-
tion wi11 be started in the near future. For the rest of the design areas, TVA
has developed two sets of evaluation ci iteria for the resolution of each of
these areas, namely the design criteria {or long term criteria) and interim
criteria {or restart criteria). Accordinq to TVA, the design criteria conform
with either the Final Safety Analysis Report (FSAR) requirements or the design
criteria applied in the nuclear industry such as the American Institute of Steel
Construction {AISC) design specifications, and the American Society of Mechanical
Engineers {ASME) Code. Due to the limitations of time and resources prior
to the restart nf BFN Unit 2, TVA has proposed interim criteria. The general
TYA application procedures of these two sets of criteria are as follows:

1. All in-scope safety-related features (piping, supports, steel platforms,
steel frames, etc.) will be evaluated first agairst the design criteria;

2.

3,

Those features which do not meet the design criteria will again be
evaluated against the interim operability criteria;
Those which do rot meet the design criteria, but are within the interim
criteria, will be modified to the design criteria after restart; and

Those which do not meet the interim criteria will be modified to the
design criteria before restart unless some relief is approved by the
staff on a case-by-case basis.

The purpose of this Safety Evaluation (SE) is to document the staff's review
and conclusions drawn for areas (8), (9), ( 10) and ( ll) above. For areas
(1), (2), (3), (5), (14) ana (15), the interim criteria will be reviewed
separately and a separate SE will be issued on a later date.

2.0 EVALUATION

2. 1 Dr well Access Steel Platforms

The proposed interim criteria for seismic qualification of the two lower
drywell steel platforms at Elevations 584'-ll" and 563'-2" are contained in
References I to 3. The remainder of the drywell steel platforms, which are
located at the hioher elevations, have been evaluated to Design Criteria BFN
50-C-7IQO, Revision 1, Attachment 0, "Miscellaneous Steel Components for
Class I and Class II Components," (Reference 3).

a. For structural steel members and connections, the proposed allowable is
1.6S for load combinations including the design basis earthquake (OBE)
seismic loads where S is the allowable specified in the 1970 AISC
Specification, Part I, without the 30 percent increase due to the
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consideration of seismic loading. This is acceptable for the interim
evaluation. For long term evaluation, however, TVA is required to address
any effect of the deviation of the 1978 edition from the 1963 edition of
the AISC Specification because the plant was desiqned based on the 1963
edition. For example, the 1978 edition. does not contain the analysis
procedures or boundary condition assumptions, while the 1963 edition does.

b. For both the wedge and shell type concrete expansion anchors, the proposed
interim criteria are based on TVA Civil Design Standard DS-C1.7. 1 and
subjected to a minimum factor of safety of 2.0. This interim criteria
is consistent with past staff practices for IE Bulletin 79-02 and is
acceptable.

c. For applied loadings, the interim criteria assume a zero live load {i.e.,
L = 0.0) on the platforms during plant operation and exclude the jet
impingement load, Yj. To justify the use of L = 0, TYA committed to
establish an adequate project p;ocedure to control additional loads that
might be imposed to the platforms resulting from maintenance or modifica-
tion activities during plant operation. The commitment was made during
the Hay 18, 1988 review meeting (Reference 17), and the staff found it
acceptable provided that the proiect procedure meets or exceeds the
corresponding requirements from the procedure committed to for the
Sequoyah Nuclear Plant (SgN), Unit 2. Regarding the exclusion of the jet
impingement load, TYA appears to have violated the commitment made in
Subsection 12.2.2.7. 1 of the FSAR. Because this concern has also been
identified by the staff during the second inspection for the Design
Baseline 8 Verification Program (DBYP) during April 1988, TYA has agreed
to resolve this concern prior to the third staff DBVP inspection.

d.

e.

Based upon the review of the interim criteria presented in References 1 to
3, it is not clear what phase relationship was assumed among the various
dynamic reactions from all attached systems such as piping, HYAC, and
cable trays, for the restart evaluation. During the Hay 18, 1988 meeting,
TVA coomitted to combine these dynamic reactions on an absolute sum basis,
regardless of their phase relationship. The staff found this commitment
acceptable. However, TVA, prior to restart, should revise Enclosure 2 of
its submittal dated Yiay 26, 1988 (Reference 3) to conform with the
commitment made at this meeting.

The interim criteria do not address the effect of the tangential
component of the relative seismic displacements between the two ends of
the radial platform support beams. Such differential movement arises
because the drywell would respond differently from the shield wall during
earthquakes. It i evident from the difference between the seismic
response acceleration of the reactor building including the drywell, ana
the reactor pressure vessel (RPV) - shield wall - pedestal structure as
shown in F',,ures 12.2-26, -30 and -37 of Section 12.0 of the FSAR.
According 'o FSAR Subsection 12.2.2.0. 1, the seismic response of the
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reactor building and the drywell was determined from an 8-mass stick model
and the response of the shield wall was determined from a coupled analysis
model containing both the reactor building and the RPV - shield wall-
pedestal structure, as discussed in FSAR Subsection 12.2.2.8.2.
Therefore, TVA is required to account for the effect of the tangential
component of the relative seismic displacements between the two beam ends
in the restart evaluation of the steel platforms.

2.2 Miscellaneous Steel

References 4 to 6 specify the interim seismic criteria for the miscellaneous
steel, including the upper drywell platforms, equipment access platforms,
field-routed piping supports ana other nonstructural support framings. The
staff review findings are as follows:

a 0 For structural steel members, TVA adopted the restart criteria for SON

large bore pipe supports, i.e., the smaller of 1.2 Fy and 0.7 Fu for
allowable axial tension and bending stresses which conform with the ASHF.

Code Level 0 Service limit; 0.0 Fcr for allowable compression stress; and
0.6 times the allowable tension stress for allowable shear stress. I-'.ere,
Fy, Fu and Fcr are the yield stress, ultimate stress and buckling stress,
respectively, as defined in the AISLE. Specification. The staff found the
interim criteria for the structural steel members acceptable.

h. For bolting, TVA proposed to use Fy or 0.7 Fu, from the ASNf Code, when Fy
is not available (e.g., A307 bolt), for tension, and 0.6 t1mes the allowable
bolt tension for the interim shear allowable. The staff found the interim
allowables for bolting acceptable.

C.

d.

For concrete expansion anchors, the method for tI e restart evaluation will
'e

based on TVA Civil Oesign Standard OS-C1.7. 1 with a minimum factor of
safety of 2.0. As discussed 1n 1.b above, this is acceptable.

In the restart evaluation of the upper drywell steel platforms, TVA should
also consider effect of the tangential component of the relative seismic
displacements between the supports of the radial support beams as
discussed in l.e above.

I. E1 I I . t ~d"I I

The interim criteria for the seismic qualification of electrical conduit at d
conduit supports are contained in References 7 to 10, These criteria proposed
to use 5X damp1ng for steel condu1t, 15". damping for 0.5" to 1.5" aluminum
conduit, 10% damping for 2" to 3" aluminum conduit, and 7~ damp1ng for 4" and
larger size alum1num conduit, During the Hay 18, 1900 meeting (Reference 17),
the staff ind1cated that any damping values exceeding 7" are not acceptable for
the restart evaluation of conduit. Since a number of calculations have
already been completed based on the proposed h1gh damp1ng values and "Design
Criteria," in order to demonstrate that the exist1ng conduit systems do possess
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enough margin to wft'istand the seismically induced loading corresponding to low
dampfrig values, TVA committed to perform a screening evaluation of the 0.5" to
3" aluminum conduit and supports based on a 7~ dampinq and revised interim
allowables. In fts Hay 27, 1988 letter (Reference 11), TUA proposed
revised interim criteria arid committed to modffy those"conduit and conduit
supports which do not comp'Iy with the revised fnter1m criteria. The staff
evaluation of the revised interim criteria is discussed fn the following:

a. For conduit, TVA originally proposed Fy/(0.75 x 2.3) for the allowable
bend1ng stress hased on Design r:< fteria PFN 50-|:-7104, Revision 1,
Section 5.0 (References 7 through 10). Here, the factor of "2.3" 's a
stress fntensfffcatio>n factor for threaded connect1ons to account for the
lower strength of such connections wh1ch may occur anywhere along the
conduit run and Fy, defined as yield stress, is equal to 25,000 psi fur
mild steel conduit {ASThl A-72 or similar) nnd 13,000 ps1 for aluminim
conduft {6063-Tl or s1mflar), respectively. Recently, TVA proposed a
revised interim allowable bending stress which is equal to 2.0 Fy/(0.75 X

2.3) (Reference ll). The staff found this revised fnter1m bending allow-
able unacceptable. TUA should usc the allowable previously proposed, 1.e,
Fy/(0.75 X 2.3) for the restart conduit evaluation, wh1ch 1s acceptable to
the staff according to SON 2 restart; evaluation. In add1tfon, buckling
crf ter'ia for the a lrrmfnurrr conduf ts were not specified fn the submittal s.
TVA should subrrrft the buckling cr1terfn for review and approval.

b. For the steel members of conduit supports, TVA, at first, proposed 1.33S
ns the interim allowable stress (References 7 through 10), where S is the
allowable stress dcf1ncd 1n the 197A AISr. Specification, Part I, without
30 percent increase due to consideration of seismic loading. In the same
references, TVA also proposed to use the serv1ce load design allowable
specified fn TVA f.'fvfl Design Standard DS r:1.7. 1 as the interim allowabre
for conretc anchors, Recently, TYA rcv1sed fts fnter1m crfter1a and
proposed the use of miscellaneous steel fnter1m criteria for the restart
evnlrratfon of conduit supports (Rcfcrcrrce ll). Thc staff found the
rcv1scri interim cr 1 teria for hoth conduit supports and concrete anchors
acceptable nccording to the staff review ot'nterim criteria f'r
mfsccllnncous steel (Section 2,2 above).

c, In its prcscntnt1on during the Ifay 10, 1980 mcctfnr„(Reference 17), TVA

proposed the allowable puI l-out, slip-along { lateral) nno sl hp-through
(axial) loads which corrtorrncd with the Unistrut Engineering t:ateqory for
thu rcstnrt cvnlrrntfon ot Unistrrrt P1100 series members and "2558 clamps,
Thc stnff found these a llowahlc loads acceptable,

d, TVA proposcrj to usc cnrthorrnf'c experience data for thc interim

qualificat-

ionn of thc outlfr.r~, 1dcntff1cd from thu screening cvaluntiorr such as
trapeze suppurts for gang-hurrg conduit systems. this approach is not
acceptable to thc stnrr, because the cvnlnrrtfon grrfrfelfrrcs for us1nc the
earthquake cxpcrirncc dntn f'r thc sc1smfc qunlfffcrrtfon of conduit
systems are stfll l>cfng developed by tho Seismic Orrnliffcatfun Utility
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{jroup (S{}L'6) and have nut yet been accepted by the staff under HRC USI A-46.
As a result of discussions during the May 18, 1988 meeting, TVA proposed and
the staff agreed, that TVA will perform a more sophisticated evaluation on
these outliers and the staff will review the evaluation results on a

case-by-case basis.

2.4. HVAC Ouctwork and Su orts

The interim criteria for the seismic qualification of HVAC ductwork and
supports are contained in References 12 to 16. Findings from the staff eval-
uation are as follows:

a ~ For ductwork, TVA proposed 12,000 psi and 15,000 psi as the interim
allowable binding stress for rectangular and circular ducts, respectively,
and 1.33 N 0.4 Fy = 0.53 Fy as the interim allowable shear stress for
circular duct. These allowables were es'.ablished based on the test data
documented in reports TVA-CEO-79-7 ard MA2-79-1 {Attachments to
Reference 16). Based on the same test reports, TVA also proposed to use
the allowable shear capacity for the rectangular duct shear allowables.
The staff reviewed these test reports and found the interim allowables for
ductwork acceptable. However, buckling criteria for the ductwork were not
specified in the submittals. The buckling criteria for ductwork should be
submitted for review and approval.

b. TVA proposed to use the miscellaneous steel interim criteria for the
restart evaluation of duct supports. The staff found this to be
acceptable.

~.0. ravriuS.OnS

Based on discussions during the May 18, 1988 meeting, it is the staff's
understanding that the design criteria (or long-term criteria) conform
with either the FSAR requirements or the criteria generally applied in '"e
nuclear industry such as AISC Specification, AStlE Code, etc. However, ,;-e

exceptions were identified durirg the staff review of TVA 7100 series criteria.
Therefore, as a post-restart action item, the staff will review the desigr
criteria to determine if they conform with the FSAR requirements.

The staff conclusions regardinu the acceptability of the interim seismic quali-
fication criteria for the BFN drvwell steel platforms, miscellaneous steel,
conduit and conduit supports, and HYAC ductwork ard duct supports are summarized
in the following:

3.1 Lower Gr well Steel Platforms

The interim criteria are acceptable provided the following concerns are
adequately addressed by TYA prior to restart:

Establish a project procedure for the control of aaditional loads that
might be imposed to the platforms resulting from modification activities
during plant operation to justiffy the use of a live loao L = 0 in the
restart evaluation.
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Justifiy, under the DBVP program, that the exclusion of the jet
impingement load Yj does not constitute a violation of the FSAR

requiremerts for lower steel platforms.

Include the tangential component of the relative seismic displacement
between the two ends of the radial platform support beams in the platform
restart evaluation.

In addition, as a'post-restart action item, TYA is required to address the
adequacy of applying the 1978 edition of the AISC Specification for the restart
evaluation of the platforms with respect to the FSAR design criteria which were
based on the 1963 AISC Specification.

"..2 Hiscellaneous Steel

The interim criteria are acceptable provided the following concern is adequately
addressed prior to restart:

Consideration of the tangential component of the relative seismic dis-
placement between the two ends of the radial platform support beams in the
restart evaluation of the upper steel platforms.

3.3 Electrical Conduit and Conduit Su ort

The interim criteria are acceptable pro:ided the following concerns are adeauately
resolved prior to restart:

The use of 2.0 N Fy/(0.75 X 2.3) as the interim allowable stress for
conduit is not acceptable. TVA should use the allowable accepted for
Sl)H 2 restart, Fy/(0.75 x 2.3).

TVA should provide buckling cri teria for aluminum condui ts.

AC ~S
The staff found the interim criteria for the HVAC ductwork and duct supports
acceptable, pending TYA's submittal of buckling criteria for the ductwork.

4.0 PEFEREHCES

Letter from R. Gridley (TYA) to HRC, "BFH - Seismic (lualification of
Drywell Steel," dated Yarch 10, 1988.

Letter from P.. Gridley (TVA) to HRC, "BFH - Seismic gualification of
Drywell Steel - (HRC Tac Ho. 00302)," dated April 28, 1988,
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3. Letter from R, Gridley (TYA) to HRC, "BFN - Seismic Qualification of
Drywell Stell - (HRC Tac Ho. 00302)," dated Nay 26, 1988.

4. Letter from R. Gridley (TVA) to HRC, "Seismic Qualification of
hiscellaneous Steel," dated March 10, 1988.

5. Letter from R. Gridley (TVA) to HRC, "Seismic Quali fi~ cion of
Miscellaneous Steel - (HRC Tac Ho. 00296)," dated Apri. 28, 1988.

6. Letter from R. Gridley (TYA) to NRC, "BFN - Seismic Qualification of
Hiscellanous Steel - (NRC Tac Ho. 00296)," dated Hay 26, 1988.

7. Letter from R, Gridley (TVA) to HRC, "Seismic Design Issues - Pesponse to
Request for Additional Information," dated April 8, 1987.

8. BFH Program Document, "Inspection and Seismic Qualification of Existinq
Electrical Corduit and Conduit Supports," dated October 16, 1986.

9. BFEP-PI 85-02, "Seismic Qualification of Existing Electrical Conduit and
Conduit Supports." dated October 15, 1986.

10. TYA Gesiqn Criteria BFH-50-C-7104 (R1), Section 5.0.

11. Letter from R. Gridley (TVA) to HRC, "BFH - Seismic Qualification of
Conduit - (HRC Tac 00022, 000?3 and 00024)," dated hay 27, 1988.

12, Letter from R. Gridley (TVA) to HRC, "Seismic Qualification of HVAC

Ductwork and Supports," dated March 10, 1988.

13. Letter from R. Gridley (TVA) to HRC, "Seismic Qualification of HVAC

Ductwork and Supports," dated tiay 4. 1988.

14. TVA Civil Engineering Branch Instruction CEB-CI 21. 100, "BFH Class I HVAC

Duct and Duct Support Seismic Qualification Interim Operability Acceptance
Criteria," Revision 1, dated March 31, 1988.

15. TVA Design Criteria BFH-50-C-7104 (RI), Section 3.0.

16. Letter from R. Gridley (TVA) to HRC, "BFH - Seismic Qualification of HVAC

Ductwork and Supports - (HRC Tac No. OG?99)," dated I".ay 26, 1988.

17. Summary of I'lay 18, 1988 meeting aated June 9, 1988.
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