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UNITED STATES.

'

i NUCLEAR REGULATORY COMMISSION
* kT & ! WASHINGTON. D C MAS

m

,

s :. . . -
Dockat Nos. 50-259, 50-260, March 19, 1992

and 50-296

Senior Vice President, Nuclear Power
Tennessee Valley Authority
38 Lookout Place
1101 Market Place
Chattanooga, Tennessee 37402-2801

Dear Sir:

SUBJECT: BROWNS FERRY NUCLEAR PLANT UNITS 1, 2, AND 3 - NRC STAFF POSITION ON
PROPOSED DUCTILITY RATIO DESIGN CRITERIA (TAC N05. M80618, M80619,
AND M80620)

This letter provides the NRC staff position which rejects application of a
ductility factor or ratio of greater than one in the lower drywell and
miscellaneous steel design criteria for the Browns Ferry Nuclear Plant (BFN),
Units 1, 2, and 3. These criteria were submitted by the Tennessee Valley
Authority (TVA) by letter dated June 12, 1991 (Reference 1). Following
meetings and telephone conversations with the staff on this topic, the NRC
issued a request for additional information (RAI). This request (Reference 2)
documented staff questions with regard to the application of the ductility
ratio as part of the proposed criteria. TVA provided its response to the
staff's information request in Reference 3. The NRC staff evaluated this
information and has provided the enclosed staff position,

in a safety evaluation dated July 26,1988 (Reference 4), the staff approved
interim criteria for the BFN Unit 2 restart. Subsequently, NRC inspections
(Reference 5) documented staff acceptance of a ductility factor in design of
Unit 2 structural steel outside the drywell. TVA states in its RAI response
that these inspections explicitly accepted use of ductility ratios for the
long-term steel design criteria. However, it is the staff's position that
approval was agi granted for the use of a ductility factor greater than one as
a long-term design criterion for all structural steel at BFN. In addition,
the staff concludes that the technical justification provided by TVA is not
adequate to justify the acceptance of ductility ratios as part of the long-
term structural steel design criteria.

Please note that while broad apolication of ductility ratios for structural
steel design is not accepted, the staf f recognizes there may be specific
applications where plant modifications would be particularly difficult or
would result in high personnel ayposures, in such c&ses, the staff would
consider a case-by-case application of a ductility factor greater than one.
However, the staff expects new steel components will be designed such that a
ductility factor greater than one is not required,
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The staff is continuing its review of the remainder of the proposed criteria.
Please contact Joseph F. Williams, iirowns Ferry Unit 3 Project Manager at
-(301) 504-1470 if you have any questions.

Sincerely,

Original signed by
Frederick J. Hebdon, Directar
Project Directorate 11-4
Division of Reactor Projects - 1/II
Office of Nuclear Reactor Regulation

Enclosures:
1. References
2. Staff Position

cc w/ enclosures:
See next page
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* * CC :
...- Mr._Marvin Runyon, Chairman Mr. O. J. Zeringue, Site Vice President

Tennessee Valley Authority Browns Ferry Nuclear Plant
ET 12A.. Tennessee Valley Authority
400 West Summit Hill Drive P. O. Box 2000
Knoxville,-Tennessee 37902 Decatur, Alabama 35609

Mr. John B. Water , Director Mr.-R. R. Baron, Site Licensing Manager
Tennessee _ Valley Authority Browns Ferry Nuclear Plant
ET-12A Tennessee Valley Authority
400 West Summit Hill Drive P. O. Box 2000
Knoxville, Tennessee- 37902 Decatur, Alabama 35609

Mr.'W. H. Kennoy, Director
Tennessee Valley Authority Mr. J. A, Scalice, Plant Manager
ET 12A Browns Ferry Nuclear Plant
400 WestRSummit Hill Drive Tennessee Valley Authority
Knoxville, Tennessee 37902 P. O. Box 2000

Decatur, Alabama 35609

Mr. W. F. Willis Chairman, Limestone County Commission
Senior Executive Officer P. O. Box 188

-ET 128
_

Athens, Alabama 35611
400 West Summit Hill Drive
Knoxville,_ Tennessee 37902 Claude Earl Fox, M.D.

State Health Officer
General Counsel _ State Department of Public Health

'

Tennessee Valley Authority State Office Building '

ET llH
_

Montgomery, Alabama 36130
400 West Summit Hill Drive
Knoxville, Tennessee 37902 Regional Administrator, Region II

V,S.~ Nuclear Regulatory Commission *

Mr. Dwight Nunn 101 Marietta Street, N.W.
Vice President, Nuclear Projects Atlanta, Georgia 30323
Tennessee Valley Authority
3B Lockout Place Mr. Charles Patterson
1101 Market Street Senior Resident Inspector
Chattanooga, Tennessee 37402-2801 Browns Ferry Nuclear-Plant

.U.S. Nuclear Regulatory Commission
Dr. Mark 0. Medford Route 12 Box 637
Vice President, Nuclear Assurance Athens, Alabama 35611

Licensing and Fuels -
Tcnnessee Valley Authority Tennessee Valley Authority
6B Lookout Place Rockville Office
1101 Market Street 11921 Rockville Pike
Chattanooga, Tennessee 37402-2801 Suite 402

Rockville, Maryland 20852
Mr. Mark J. Burzynski
Manager, Nuclear Licensing

and Regulatory Affairs
Tennessee Valley Authority
SB Lockedt Place
1101 Market Street
Chattanooga, Tennessee 37402-2801
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p ENCLOSURE 1, .

1. 0.- J. Zeringue-to NRC Document Control Desk, " Browns Ferry Nuclear
Plant -(BFN) - Corrective- Action Plan and Design Criteria for Lower
Drywell Steel Platforms and Miscellaneous Steel " letter dated June 12,
1991.

2. J. F. Williarrs to Dan A. Nauman, " Request for Additional Information
Regarding Browns Ferry Drywell and Miscellaneous Steel Design Criteria,
Units 1, 2, and 3 (TAC N05. M80618, M30619, AND M80620), letter dated
December 12, 1991.

3. O. J. Zeringue to NRC Document Control Des?,, " Browns Ferry Nuclear Plant
(BFN) - Lower Drywell Steel Platforms and Miscellaneous Steel Seismic
Criteria," letter dated February 6, 1992.

4. S. C. Black to S. A. White, " Interim Operability Criteria for the Seismic
Design Program For the Browns Ferry Nuclear Plant, Unit 2 (TAC 00023,
00295, 00299, 00302)," safety evaluation dated July 26, 1988,

5. NRC Inspection Report No. 50-260/89-42, February 26, 1990,
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. - - ENCLOSURE 2

NRC POSITION ON

TVA PROPOSED BROWNS FERRY DUCTILITY RATIOS CR11ERIA

ISSVE

Whenever a structural member or-element is subjected to elevated temperatures
and its ends are constrained by such objects as a concrete wall or other
unyielding elements, considerable compre.ssive stresses are introduced within
the member. Additional loading, such as from equipment weights or loads f rom
an earthquake applied laterally, could then lead to failure, most likely in a
beam-column type of instability failure mode.

Safety-related steel structures at the Browns Ferry Nuclear Plant (BFN) were
not designed for load combinations recommended in the Standard Review Plan.
As such, the Tennessee Valley Authority (TVA) committed to assess the effects
of load combinations (including thermal loads) generated by design basis
accident conditions on existing steel structures. Since some of these steel
structures were constrained from free expansion due to thermal loads, TVA

-proposed to use a ductility approach.(i.e., non-linear, inelastic response).
TVA requested staff approval to use a ductility ratio of three for all BFN
safety-related steel structures-. This ductility ratio was calculated based on
the ANSYS computer code non-linear option.

The staff reviewed and approved, for restart of Unit 2, a ductility ratio of
three to be used for structural steel outside the drywell (NRC IR 50-260/89-
42)._ TVA has_ currently proposed to extend the use of ductility ratios to all
structural- steel (i.e., inside and outside the drywell) and for all BFN Units
(1, 2, and 3). The staff recently reviewed a similar proposal for Watts Bar
and concluded that the use of ductility ratios was not acceptable because of a
lack of technical justification. By letter dated December 12, 1991, the staff
requested TVA to describe its technical basis for using ductility ratios at
BFN in terms of-physical test data and analytical demonstrations. TVA was
also requested to describe how such ductility ratios were calculated, and the-
reliability of the calculational methodology.

-By letter' dated February 6, 1992. TVA responded to the staff's request for
additional information. However, rather than providing the detailed technical
basis: requested by the staff, TVA attempted to justify its broad, multi-unit
approach for using ductility ratios by describing a doctment trail in which
the staff had presumedly already approved such an approach. In the following
section titled " Background," the-staff discusses the licensing basis history
for_this issue. The staff believes this history supports its present position
on the use of ductility ratios at BFN.

BACKGROUND

Lona-Term Desian Criteria.

By letter. dated July 26, 1988, the staff issued a safety evaluation (SE) that
approved interim operability criteria for both drywell steel platforms and
miscellaneous steel for restart of Unit 2. However, in NRC Inspection Report,

|_ (IR) 53-260/88-38, dated April 19, 1989, the staff discovered that in certain
!
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applications TVA was using the design criteria from TVA design documents BfN-
50-C-7100 through 7300, which had not been previously reviewed and approved by
the staff. Although these design documents were designated by TVA as their
long-term design criteria, the staff decided in NRC 1R 50-260/89-29, dated
September 20, 1989, to only review them for restart of Unit 2. The staff
stated, in IR 50-260/89-29, that these " criteria could only be used if they
were equivalent or more conservative tha.. the interim operability criteria"
previously accepted by the staff. Thus, in the context of interim use, the
staff was merely confirming the suitability of TVA's proposed long-term
criteria as an equivalent substitute for the interim operability criteria.
The staff subsequently concluded in IR 50-260/89-29 "that the long-term
criteria are more conservative than the interim operability criteria, and
therefore,the use of the long-term criteria for restart [of Unit 2) is
acceptable."

It is obvious from NRC 1R 50-260/89-29, that the staff did not perform a
rigorous or detailed safety evaluation of the design documents TVA had
designated as long-term (i.e., BfN-50-C-7100 through 7300). The staff
intended to review these documents in much greater detail following Unit 2
restart. This intention was made clear in NRC IR 50-260/89-42, dated
February 26, 1990, and NUREG-1232, Volume 3. Suoplement 2, dated January 1991.
Both of these documents requested TVA to submit for staff review its long-term
criteria for drywell platforms and miscellaneous steel after restart of
Unit 2. In fact, TVA's submittal dated June 12, 1991, " Corrective Action Plan
And Design Criteria For Lower Drywell Steel Platforms And Hiscellaneous
Steel," reiterates and confirms the staff position that the design criteria
previously approved by the staff were only for interim seismic qualification,
TVA further acknowledged that: -

"the final seismic qualification of the lower drywell steel platforms and
miscellaneous steel at Browns Ferry will be accomplished in the following
manner:

1. Obtain NRC acceptance of the design criteria for the lower
drywell_ steel platforms and miscellaneous steel.

2. Evaluate and modify, as required, the lower drywell steel plat-
forms and miscellaneous steel to meet the design criteria ..."

In this context, TVA formally submitted, as Enclosure 2 of the June 12, 1991
letter, its long-term design criteria (i.e., BFN-50-C-7100) to the staff for a
detailed safety evaluation.- These criteria were submitted by TVA to resolve
several Unit 2 post-restart issues. Furthermore, since these criteria were
"different (emphasis added) than the criteria used for restart of BFN Unit 2",
they were also being submitted to support restart of Units 1 and 3.

Ductility Ratios

The staff, first expressed its concerns with regard to the use of ductility
ratios, as referenced in BFN-50-C-7100, in IR 50-260/89-29. In this IR, TVA

was requested to justify its proposed use of an allowable ductility factor of
5 for thermal expansion of steel structures outside the drywell. In NRC
IR 50-260/89-30, dated September 20, 1989, the staff agreed to review TVA's
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docurnentation regarding ductility ratios, but stated "that a ductility factor
of higher than 3 would not be accettable because this is the limiting valuelh)sthat has previou>ly been accepted by NRC, on a case-by-use basis."
statement means that the staff would consider accept.ing WA's use of ductility
ratios only for factors of three or lower and then only f or specific applica-!

t'''s, not for broad, unrestricted uses. This interpretatiM is supported by
the fact that all staff references to reviewing TVA's proposed use of
ductility ratios were only in regard to thermal expansion of BfN Unit 2 steci
st ructures outside the drywell, and only within the context of BfN Unit 2 re-

As such, the staf f has clearly documented that its evaluation of 1VA':
start. thermaluse of tuctility ratios was conducted within a very limited scope:i

exp esten of BfN Unit 2 structural steel outside the dryweli to support c
\

restert.
closed out the staf f's concerns regarding TVA's uut ofNRL lR 50 260/89-42 The staf f concluded that a ductility f actor of three wouldductility rar.os. As stated in IR 50-260/09-42, "Inta aceptable for discreet oppilcations.

weary, the taan concluded that 1VA'f, thermal growth evaluation of the
drywell resolveed all three (of tho] team's

structural steel outside [the]itty ratios] identified in IR $0 260/89-29, and
roncerns [which included ducti
tM cvabation results and modifications are reasonnolo.

This item (C5044)
It was in this IR that the staff completed its review of ductili-is closed.'

ty ratios with regard to restart of Unit 2.

Aft,ar BfN Unit 2 rastart, TVA submitted similar ductility ratios, via inclo-
sura 2 (DfH40-C4100) of the June 12, 1991 letter, fnr staff approval as partn

of itA long-term criteria for post-re:tprt of BfN Unit 2 and restart of BIN1

This submittal proposed to expand the use of ductility ratios,

Units i and 3.
to all structural steel for all three units.

furthermore, it implies that
ductility ratios of grester thar, three could be evaiuated on a case-by-case

The staff concludes that TVA's proposal to usa ductility ratios inbasit.unrestricted applications for all three units, t.nd to consider ductility
ratics greu ev' than three are serluus departures from the previout'y-approved
crited t

U.in_A E idflas

12, 1993 and february 6, 1992, theAfter miewing TVM 5 submittals of June
staff h u de+ ermined that TVA has not provided suffittent technica, justifica-
tion to concluda th4t the broad applicuion of duc*,ility ratins fer all Browns
fery units is acceptabis+. However, the staff does recognize that under
specific anditions, such as fully ductile failure modes, adequate margins of

be maintained through the use of ductility ratios on a case-by-casesafety cat
basis, but only when techwically justified.

Cancequently, the staff does not accept IVA's proposed use of ductility ratios
-,

au part of its long-term design criteria for BfN Units 1, 2, and 3 for thei

fellowing reasons!
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1. IVA did not provide adequate test data that can be used to vali-
dite the non-linear option of the ANSYS code.

2. Ne test data were arovided to establish a basis for judging the
available margins aetween the proposed ductility limits and the
ductility corresponding to imminent failure.

3. Use of ductility ratios criteria alone is inadequate to address
likely buckling failure modes.

4. Because of the uncertaintiss resulting from an inelastic analysis
of the non-11ncer behavior of structures, the current staff design-'
philosophy for structures carrying primary lo6ds (e.g., static and
seismic loads) is to generally limit allowable stresses to less
than yield for load combinations including accident-induced loads.
However, some localized yield is allowed for loads such as missile
impact and impulsive loads.

$1AFE PMlllM

The ductility ratio approach proposed by lvA for the design and evaluation of
structural steel for Browns Ferry is not acccptable. However, the staff
re:ognizes that the BFN units are operating plants where construction has been
completed, equipment is in place and some structural members are in highly
radioactive areas. for these reasons. the staff would consider evaluating tiie
use of ductility ratios, on a case-by-cass basis, for any specific situat. ions-

-of extraordinary hardship, provided that a ductile failure mode is assured and
margins against collapse are adequate.

P

Principal contributors: S. B. Kim and T.11. Ross

kDate: - March 19 t992
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