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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
RELATING TO AMENDMENT NO. 87  TO FACILITY OPERATING LICENSE NO, NPF.2
ALABAMA FPONER COMPANY
JOSEPH M. FARLF _NUCLEAR PLANT, UNIT 1

DOCKET NO. §0-348

1.0 INTRODUCTION

By letter dated October 26, 1990, as supplemented Jenuary 14 and 31, and
February 16, 1991, Alabama Power Company (APCo or the licensee) submitted a
request for changes to the Joseph M, Farley Nuclear Plant (Farley), Unit 1,
Technical Spa-ifications,

Farley, Unit 1, currently has » steam generator tube plugging (SGTP) 1imit
of 10% basea on the lar~: break loss-of-coolant accident/emergency cc.e
cooling system (LOCA/ECES) analysis shown on Technica) Specification

Figure 2.1-1. Based on APCo operating experience, it 1s expected that the
number of steam generator tubes requiring corrective action 1n Unit 1 could
exceed the current SGTP 1imit of 10%. Therefore, APCo has requested a
change to the Technical Specifications to fncrease the SGTP limit from

10% to an average 15% SGTP with a peak limit of 20% S6TP 4n any one steam
generator. Also included in the request is a reduction of approximately
1.5% in the reactor coolent system thermal design +low,

In support of the increased SGTP limit, the Vicensee submitted a report,
WCAP-12694, "Alabama Power, Joseph M, Farley Unit No, 1, Increased Steam
Generator Tube Plugging and Reduced Tr.rmal Design Flow Licensing Report,"
dated August 1990, This report provides the licensee's review and evalust’on
of the Final Safety Analysis Report (FSAR), Chapter 15, accidents/transierts
to verify that the effects of increased tube plugging and reduced reactor
coolant system (RCS) flow rate do not invalidate the current analyses of
vecord and that 211 pertinent conclusione in the FSAR are sti1) velid, e
Ticensee also consideced the effect of asymmetric RCS flow condition on
accidents/transients. The following events were reanalyzed to justify

the Technical Cpecification changes:

0 Large break LOCA/ECCS analysis
0 Small break LOCA
0 Major rupture of a main feec vater pipe

0 Uncontrolled rod cluster control assembly bank withdrawal
from subcritical
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The application for amendment &ls¢ requested a revision ¢ (
specifications Table 2.2«1, 3.2«1, 2,32, 3.3-4 and the Technics
specification Bases for overtemperaty de'ta T/overpowdr delte 7. The
proposed amendment supports @ plant medification to replace the existing
resistance temperature detector (RTD) bypass manifold system with
thermowe 1 mounted, narrow range, fost response, dua) element RTDs located
directly in the RCS piping. The RTD bypess modification aftects the FSAF
Chapter 15 safety analysis because of revised response time
characteristics and instrumentation uncertainties associated
tharmowe || mounted RTDs., The reactor protection system arithmetic average
loop temperature (T-average) and loop differentia) temperature (delta-T
inputs and inputs to the plant control system are also modified,

with the new

The inftial submittal on October 26, 1990, wes later subplemented by

L
submittals dated Januvary 14 end 31, and February 15. 1991, These submittals

provided revised analyses to incorporete additiona) penalties and
uncertainties and minor revisions to Technd

supplemental »ubmittals did not substantia))
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Specification pages., These
glter the action noticed or
change the staff's proposed initia) determination of no significant
hazards consideration as published in the Federa) Pts'stev on December
1990 (55 FR 53067).
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EVALUATION

INCREASED TUBE PLUGGING LIMIT UCED REACTOR COOLANT FLOW

5

LOCA [veil”

Large Break LOCA

The 1imiting reactor coolant rystem large pipe break wes found to be
the double ended cold leg guillotine (DECLG) break based on the results
of the LOCA sensitivity studies. Therefore, only the DECLG break is
considered in the large break f performance analysis to determine

the effects of increased SGTP and reduced therma) design flow., Calculations
were performed for the 1imiting Moody break discharge coefficient (C,=0.4
under minimum safeguard conditions, The DECLG was analyzed with an NR(
approved ECCS evaluation mode),
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The peak clad temperature (F for the DECLG break was calculated to be
069°F, which accounts for increaswd SG and reduced thermal design flow,
A 4°F increase 15 added due to delayed olation of the containment mini-
purge valves, and 60°F for loose parts This brings the resultant PCT to
¢133°F for Fariey, Unit 1. 1In addition, the impact of steam qgenerator

flow area reduction due to seismic effects has been considered and a PCY
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penalty of 50°F has been conservatively assessed, The resulting PCY
;gaof:rloy. Unit 1, 1s 2183°F which is below the 10 CFR 50.46 1imit of

The maximum local metal-water reaction is 5.76 percent, which is wel)l below
the embrittliement 1imit of 17 percent required by 10 CFR 50,46, The

total core meta)l-water reaction is less than 0,3 percent when compared

with the 1% criterion of 10 CFR 50,46, The clad temperature transient is
terminated at a time when the core geometry is stil)] amenable to cooling,
The core temperatur2 will continue to drop, and the ability Lo remove

dtc:y h:ut generated in the fuel for an extended period of time will be
achieved,

“he staff has concluded that the calculetions for increasea SGTP

«ng reduced thermal design flow were performed for the worst case LOCA
break, used an approved evaluation mode) which satisfies the requirements
of Appendix K to 10 CFR Part 50, and met the requirements of 10 CFR 50,46,
Thus, the staff finds the LOCA/ECCS evaluation acceptable,

Steam Generator Tube Co)llapse

In WCAP-12694, Westinghouse Electric Corporation (Westinghouse) has
identified what appears to be a new fssue for older mode! Westinghouse
steam generators (such as the Farley, Unit 1, Mode! §]1 steam generators)
that is considered .y the staff to be a separate issue from SGTP limits
and this amendment, The issue concerns the potentia] for steam generator
tube collapse during a safe shutdown earthquake (SSE) plus LOCA, Collapte
of the steam generator tubing redu 's the RCS flow area through the tubes.
The reduction in flow area increases the resistance to the flow of

:t:nm from the core during & LOCA which in turn may potentially increase

c "

This phenomenon has previously been examined in detail by Westinghouse
for newer mode! steam generators (e.g., Model F at Callaway and Model
D-3 at Watts Bar) and factored into the FSAR safety analyses for these
plants. However, this phenomenon was not examined for Farley unti)
prepara.ion of WCAP-12659 which supported a Farley, Unit 2, license
amendment issued on December 6, 1990, for the same increased steam
generator tube plugging limits. Unti) the Ferley, Unit 2, submittal,
this phenomenon had not been previously reviewed by the staff,

The staff's concerns are the amount of potentia)l flow area reduction and
the potential tube integrity implications of collapsed tubes, Potentia!
tube integrity implications arise from the fact that many plants are
experiencing stress corrosion cracking of steam generator tubes. The
ctaff is concerned that collapse of cracked tubes could lead to leakage
of secondary system coo'ant into the primary system during a LOCA.



The staff's preliminary conclusion, however, is that the issue of tube
collapse does not pose & significant enough safety concern to warrant
immediate action., This conclusion {s based on the fact that leak-before.
break LEB anslyses have beer {E‘"".‘V"Y’('C for most pressurized water reactors
in accordance with General Design Criterion (GDC) 4 of Appendix A to

10 CFR Part 50, These analyses have shown that a large break LOCA (and,
thus, conseguent tube collapse) s an extremely low probability event for
these plant Therefore, the staff is examining, on a generic basis, this
{ssue of tube collapse under SSE plus LOCA loads.

Details of the tube collapse assessment for Farley were presented to the
staff at a meeting or November 7, 1990, The meeting handouts were
documented by APCo's letter to the staff dated November 18, 1990,
addition, in & January 14, 1991, letter, the licensee submitted a
scoping analysis stating that relevant LBB parameters for Farley, Unit
are enveloped by the generic analyses performed by Westinghouse in
WCAP-9558, Revision 2, “"Mechanistic Fracture Evaluation of Reactor Coolant
Pipe Containing a Postulated Circumferential Through-Wall Crack," and
gccepted by the NRC in Generic Letter 84.04, "Safety Evaliuation of
westinghouse Topical Reports Dealine with Elimination of Postulated Fipe
Breaks in PWR Primary Main Loops." Based on the above analyses, the licensee
concluded that the LBB methodology 1s applicable to the Fariey, Unit 1, RCS
primary loops anc, thus, the probability of breaks in the RCS loop piping 1is
sufficiently low that they need not be considered in the structural design
basis. Excluding breaks in the RCS primary loops, the LOCA locads from the
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large branch 1ine breaks were also assessed by the licensee and found to be of
nsufficient magnitude to induce tube collapse.

In summary, the staff finds that the subject amendment can be issued
pending resolution of this issue. The issue of tube collapse is generic;
and, based on the LEB considerations discussed above, the staff believes
that this issue does not pose a significant safety concern requiring
immediate resolution on Farley, Unit 1, The staff will continue to pursue
resolution of the generic concerns indeperndent of Farley, Unit 1,
Therefore, the staff finds that Farlaoy, Unit 1, can operate in accordance
with this amendment prior to resolution of the generic issue without undue
risk to the health and safety of the public, The staff will take
appropriate action upon resolution of the generic issue if found to be
warranted,

Small Break LOCA

Smal” break LOCA analyses were performed to demonstrate that the NOTRUMP
smal)l break LOCA evaluation model (WCAP-10054-P-2) calculated lower PCTs
than the WrLASH evaluation model (WCAP-11145.P.A The Farlevy WLFASH

smal) break LOCA analysis remains the analysis o7 re~-»d which calculates

a PCT of about 1°97°F
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The increase in SGTP and the reduction in thermal design flow will result
in a small change in primary pressures and temperatuies. It is concluded
that these changes will have no adverse effect on the Fariey, Unit 1,
small break LOCA analysis margin to the PCT Timit of 2200°F,

Steam Generator Tube Rupture

A sensitivity analysis was performed to determine the impact of the tube
plugging increase and thermal desfon flow reduction on the steam generator
tube rupture (SGTR) analysis. The results of the SGTR analysis indicate
that the primary-to-secondary break flow and atmospheric steam rolease vis
the ruptured steam generator increased when compared to the results of the
current Farley, Unit 1, SGTR analysis.

The incressed mass releases were subsequently utilized by *he licensee in
a radiological analysis to determine the effect of the tube plugging
increase and thermal design flow reduction on the offsite doses. The
licensee used the Farley licensing basic methodology and current fnputs,
The results of the radiological analysis indicate that the site voundary
thyroid and whole-body gamma doses are 3.3 znd 0,14 rem, respectively,
The low population zone thyroid and whole-body gamma doses are 1.4 and
0.05 rem, respectively,

These results show a s)ight increase in the offsite cose over those
presented in the FSAR, The staff has reviewed the methodology and
assumptions used by the licensee to analyze the radiological impact of a
postulated steam generator tube rupture and finds this analysis
apgropriate. The dose increases are smal), and the tota)l dose remains
well within a “small fraction" of the 10 CFR Part 100 exposure guidelines,
Thus, we find the SGTk analysis acceptable.

2.1.2 MNon-LOCA Evaluation

A11 non-LOCA transients were examined to determine the fipact of the
reduced thermal design flow. A penalty in the departure from nucleate
boiling (DNB) margin s assoctated with the reduced flow. However, the
existing DNB margin 1s sufficient to cover the DNB penalty due to reduced
thermal desigr flow. The thermal desi~~ flow reduction is limited to
approximately 1.5%, The licensee used the ex1st1ng flow sensitivities
data to demonstrate that non-DNB safety criteria will also continue to

be met.

The licersee explicitly reanalyzed (1) major rupture of a main feedwater
pipe and (2) uncontrolled rod cluster contro) assembly bank withdrawa)
from subcritical for the reduced therma) design flow. These events

were reanalyzed using current and MRC accepted methodology and computer
codes. Although the results of the analyses have changed, the conclusions
presented in the FSAR remain valid for tle new analyses.
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The output from the bypass loop RTDs provides the signals necessary to
colculate T-average and deita-T. The T-average and delta-T signals are then
input to the reactor protection system. The input of Te-average and delta.T
sfgnels to the plant contro) system are derived from a separate set of bypass
Toop RTDs end T-average and delte-T celculations,

However, as referenced by the licensee, the bypass manifold system created

115 own set of cperationt) problems., Examples presented by the licensee
included plant shutdowns due to primary leakage through valves or flanges

end by interruption of bypess fiow due to valve stem failure, Add1t1onul§y,
the 1icensee stated that the bypass piping contributes to increased racdiation
exposure throughout the loop compartments when maintenarce must be performed in
these areas,

2.2.0 Proposed Svstem

In contrast to the bypass manifold system, the modified system hot leg
temperature measurement for each loop will be obtained using three fast
response, narrow range, dus) element RTDs mounted in thermowells, Where
possible, the hot leg RTDs will be mounted in thermowells within the existing
bypass manifold sco.p penetrations, Fach bypass scoop will be modified such
that reactor coolan’. will flow in through the ex1st1na holes of the bypass
§Co0p pest the RTD, thermowell assembly and out through & new hole machined in
the bypess scoop. 1f structura) comporents interfere with the placement of &
thermowell in an existing scoop, then the tcoop will be capped and an alternate
penetration will be made to accommodate the RTD thermowell, This modified RTD
arrangement will perforin the same sampling/temperature averaging function as
the original bypass menifold system,

The cold ‘eg temperature measurements will be obtained by one fast response,
narrow range, dual element RTD located at the discharge of the reactor coolant
pump. This RTD wil) be mounted in a thermowell witain the existing cold leg
bypass manifold peretration., Because of the mixing action of the reactor
coolant pump, temperature gradients in the cold leg are eliminated and, as a
result, only one RTD 1s necessary for cold leg temperature measurement. As in
the hot leg, the bypass manifold penetration will be modified to accept the RTD
thermowell, Additionally, the bypass menifold return line wil) be capped at
the nozzle on the intermediate leg.

The licensee will replace the bypass manitold direct-inmersion RTDs with Weed
instrument Co., Inc., dua! element RTDs mounted in thermowells. The spare
element of each RTD will be termineted at the 7300 process system electronics
rack input terminals fn the control room, This arrangement 15 intended to
8110w on-1ine accessibility to the RTD spare elements in the event of an RTD
element failure,

The 'icensee states that the new thermowell mounted RTDs have a response time
eouel to or faster than the maximum &1lowed time for the old bypass piping
transport, thermal lag and direct immersion RTD (about 4 seconds). The
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4-second response time of the Weed RTD 1s ¢ conservative value that is
supported by industry experience., The RTD manufacturer will perform response
time testing of each RTD and thermowell prior to installation te ensure the
RTD/thermowell response time fs bounded by the values referenced in Technica)
Specification Table 2.1-1. The licensee will also verify the response time of
the new RTDs after installation in the plant., The acditional electronic delays
of the new thermowell mounted RTD system are such that the response time of the
modified RTD system will continue t. meet the rec:’rements (6 seconds)
currently referenced in the Technica) Specification Table 2.1.1.

These modifications will not affect the single existing wide range RTDs
installed in each hot and cold leg of the reactor coolant system, These PTDs
will continue to provide hot and cold leg temperature information for resctor
startup, shutdown, or post-accident monitoring,

To accomplish the hot leg temparature averaging function prev1ous1{ done by the
bypass manifold system, the modified hot leg RTD temperature signals (three per
loez) will be electronically dveraged in the reactor protection system, The
averaged T-hot signal will then be used with the T-cold signa) to calculate
reactor coolant system loop delta-T and T-average values for use in the reactor
protection and contro) systems. The averaging functior will be accomplished by
additions to existing 7300 reactor protection equipment,

The present bypass system uses separate dedicated RTDs for the contro? and
protection systems, However, the modified system thermowel) mounted RTDs

are used for both protection snd control. This Class I[ to Non-Class If
interface requires the use of isolation devices for the control system
T-average and delta-T signals derived from the reacte« protection system,

The licensee has stated that the isolation devices utilized in the Lypass
menifold modification are 7300 (NLP-3) “evices and were previoutly reviewed
under WCAP-8B892-A. The T-average and . .1ta-T signals used in the contro) grade
logic are input into a median signal selector (MSS) in 1ieu of the high
suctioneered T-average or delta-T signal used by the present plant control
system. The MSS selects the signal that is between the highest and lowest
values of the three T.average and delta-T loop inputs. By selecting the median
value, the MSS provides the plant contro) system with » .l4d T-average and
delta-T value. The MSS also preserves the functiona) nu:pendence between
control and protection systems that now share common sensors within the RPS by
preventing spurious contre’ <ystem responses caused by a single signal failure,

To ensure proper operation of the MSs, the ex1st1n? manyal switches that defeat
@ T-average or delta-T signal from a s1n?1e loop will be eliminated. Also, the
conversion to thermowell mounted RTDs will result in the elimination of the

control grade RTDs and their associated control board indicators. The
protection system channels will now provide inputs to the contro) system
through isolators and the MSS. The existing control board alarms, indicators
and T-average and delta-T deviation alarms will continue to provide the means
to detect RTD failures.
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An RTD failure in the cold leo can be handled by using the spare cold leg

RTD element provided within each loop. A fatlure of a hot leg RTD can be
managed in two ways, The first method disconnects the failed element and
reconnects the spare element of the same RTD. The second method requires plant
personnel to manua)ly defeat the fatled signa) and rescale the electronics to
aversoe the remaining two hot leg RTD inputs, A bias value 1s then added to
the T-hot average signa® to compensate for the failed RTD and meintain 8 velue
comoarable with the previous three RTD average. The bias value is developed
per procedure/Technical Specification requirements using data recorded at 100
percent power and during normal protectiun system survei)lances.

The 1icensec stated that following the inftia) thermowe!l RTD cross
calibration, the calibration reference will consist of the average of the

RTD temperatures. The staff is concerned that the use of an average PTD valye
as & reference during cross calibration insteud of a calib ated reference may
Tead te 2 net drift of the average temperature velue indicated by the RTDs over
time, should the installed RTDs drift systematicelly. 'The licensee indicated
that RTD orift 1s random and with & total uncertainty less than s 1.2 degrees
specified in the submitta), Pased on the above, the Yicensee felt that the
cross calibration methodology utilized by the p*ant fs acceptable. The staff
concurred with the Yicensee's justification but will continue to evaluate this
issue on a generic basis,

For LOCA events, the elimination of the NTO bypass system impacts the
uncertainties associated with RCS temperature and flow measurement . The
magnitude of the uncertainties are such that RCS inlet and outlet cemperatures,
thermal design flow rate and the steam generator gerfornance data used in the
LOCA analyses will be affected slightly, The evaluation of the slignt increase
in the T-average uncertainty has resulted in an estimated increase of 3°F for the
Targe break LOCA PCT and a 2°F increase for the small break LOCA PCT. There is
sufficient margin to 2200°F for both LOCA analyses to offset the estimeted
increase due to RTD bypass elimination,

For no.-L20* transients, only those transients which assume overtemperature~
delta-T prot ction are potentially affected by changes in the RTD response
time, As fnjicated in the Technical Specification Table 2.1«1, the overal)
response *ime remains unchanged from that assumed in previous safety analyses,
Consequently, the conclusion of the safety analyses for these transients
remains valid, The effects of the increase in T-average uncertainty by 0.3°F
for the transients have been evalusted for all nen-LOCA transients. The zero
power transients are not affected by the change, The DNB related transients
have been shown to be acceptable by using existing "NB margin., The FSAR safety
analyses conclusions are unchanged and all applicable non=LOCA safety analysis
acceptance criteria continue to be met,

¢.3 Technical Specification Changes

The licensee proposed changes to the Technica) Specifications which involve
approval W& in7.ease the ecuivalent tube pluggine Vimit from the current
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