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PROPOSED TECHNICAL SPECIFICATIONS CHANGES
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2.0  SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS
Lt L 4 B 5t 5 s 5. Al A R 5 B 8 A A WS AT S

&1 _SAEETY LTS

BEACTOR CORE

2.1.1  The combination of THERMAL POWER, pressurizer pressure, and the highest oparating
loop coolan! temperature (T.vg) shall not exceed the lirits shown in Figures 211" for 3 loop
operation and 2.1-2 and 2.1-3 for 2 loop operation.

APPLICABILITY. MODES 1 and 2

ACTION.

Whenever the point defined by the combination of the highes! operating loop average
temperature and THERMAL POWER has exceeded the appropriate pressurizer pressure hing, be
in HOT STANDBY within 1 hour.

2.1.2 The Reactor Coolant System pressure shall not exceed 2735 psig.

APPLICABILITY. MODES 1,2 3 4and§

ACTION.

MODES 1 and 2
Whenever the Reactor Coolant System pressure has exceeded 2735 psig, be in HOT
STANDBY with the Reactor Coolant Systam pressure within its limit within 1 hour,

MODES 3, 4and §
Whenever the Reactor Coolant System pressure has excecded 2735 psig, reduce the
Reactor Coolant System pressure 1o within its limit within § minutes.

For the period of operation until steam generator replacement, the combination of
THERMAL POWER, pressurizer pressure, and the highest operating loop coolant
lemperature (Tavg) shall not exceed the limits shown in Figure 2.1-1a.
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Nominal Tayg « 566.6°F
Nominal RCS flow = 266,500 GPM

560

0 0.2 04 0.6 0.8 1 12
POWER (fraction of nominal)

14

Figure 2.1-1a REACTOR CORE SAFETY LUMITS FOR THREE LOOP OPERATION FOR THE
PERIOD OF OPERATION UNTIL STEAM GENEFR/ TOR REPLACEMENT
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Discustion of Proposed Changes

Background

North Anna Power Ctation Unit 1 1s currently conduciing a mid-cycle steam generator
ingpeciion outage. An extensive eddy current irspection of the North Anna Unit 1
steam generator tubes is being performed using very conservative analysis quidelines
and plugging criteria. 8 such, a substantial number of tubes are expecixzd to be
plugged.

BascZ on projections ¢! steam generator tube plugging levels, it was projected that the
RCS total flow rate would net meet the current Technical Specifications minimum
requirement of 284 000 gpm. Theref~re, by letter dated January 8, 1992 (Serial No.
92-018), we proposed Technical Srecifications changes to reduce the minimum total
ACS flow rate to 275,200 gpm frr the operating period until the steam gene: ators
could be replaced. This approx.mate 3% reduction in minimum RCS flow rate w2s
intended to bound the effect of (he increased flow resistance for ths projected steam
generator tuhe plugging levels.

According (o Westinghouse estimates of RCS flow/ rates as a function of tube phigoing
o3rcentage. the preposed 275300 gpm minimum RCS flow (ale vorresponds to
aporoximately 32% average steam generator tube plugging. Because measurement
uncertainty may cause measured RCS flow rates to vary by as much as 2% from their
true value, there exists an expected range of steam generator tube plugging over
which the proposed flow rate may be met. This range 18 astimated to be between 28%
and 36% average steam generator tube plugging. However, it shou'd be emohasized
that this is only an estimated range which assumes thai the predictions of tlow versus
plugging are correct. If an inaccuracy in prediction is considered, the range of
lugging over which the 275,300 gpm minimum measured flow might not be met is
rther widened.

As the steam generator tube inspections progressed, the adjustments to the tube
plunging projections indicated that the "C" steam generator may exceed 30%. To
accommodate the effect of additional tube plugging in the "C" steam generator, we
requested a change to the North Anna Unit 1 operating license t¢ limit the maximum
reactor power level 10 95% of rated thermal power for the interim period of operation
until the steam generators could be replaced. This change was requested 'n our letter
¢ ated January 28, 1992 ' “erial No. 92-042). The imposed 85% power restriction will
provide sufficient margin in the large break Loss of Ceolant Accident (LOCA) analysis
to accommodate the interim effects of the increased steam generator tube plugging for
the most restrictive steam generator.

In @as much as the steam generator tube inspections are continuing and the actual tube
plugging levels are not known, prudence requires us tc cover the uncenainty in the
range of possible tube plugging and flow rate measurement results, Therefore, we
supplement our Techr.cal Specification change request, submitted on January 8,
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193Z (Serial No. 92-018), with 2 request to further reduce the minimum total RCS flow
rate 1o 268,500 gpm. This change takes credit for the 5% power reduction discussed
8'43;" request for license amendment, submitted January 28, 1982 (Serial No, 92-

This Technical Specification chanqe request supplemeits our Januaiy 8, 1882
submittal. The attached safety evalugtion builds on the evaluation provided in our
original submittal. Approval of thie supplemental change is conditional on the prior
approval ¢f both the previously discussed change requests, i.e., the January 8, 1802
and the January 28, 1992 Technica! Snecification change submittals.

lolreduction

As required by Technical Specifications 3.2.6 and 4.2.6.2, North Anna Unit 1 performs
reacior coolant system (RCS) flow rate measuremerts subsequent to restart after each
refueling. The North Anna Unit 1 safety analyses are based in part on verifying, via the
Technical Specifications surveillance, that the Reactor Coclant System (RCS) total
flow rate is greater than or equal to 284,000 gallons per minute (gpm). The additional
steam generator tube plugging anticipated during tho current mid-cycle inspection
outage increases the likelihood of violating this Technical Sp «cifications requirement,
Therefore, safety analyses and evaluations have been perfurmed which suppon this
additional reduction in the RCS total flow rate limit to 208,500 gpm at 95% Rated
Thermal Fower. The attuched safety evaluation has been prepared 1o suppon each of
the Tach:lcal Specifications changes associated with this reduction in the RCS total
flow rate limit.

Qiscussion of Proposed Changes

These proposed Technical Scecifica.ons changes supplement the changes
discussed 'n our submittal datad January 8, 1992 in support of a reduced RCS total
flow rate requirement to 2268500 gpin, which is an approximate $-1/2% reduction
from the current Technical Specifications requirement. Thesa changes would only be
effective until the North Anna Unit 1 steam generator replacement, which is currently
scheduled to begin in January, 1983,

The proposed Technical Spacifications changes affect Figure 2.1-1, Reactor Core
Safety Limits (Specification 2.1.1), Table 2.2-1, Reactor Trip System Instrumentation
Trip Setpoints (Technical Specification 2.2.1), and Table 3.2-1, DNB Parameters
(Technical Specification 3.2.5).

The proposed Technical Specifications changes will revise Technrical Specitication
2.1.1 by placing a icatnote on the bottom of the page referencing Figure 2.1-1a in ligu
of Figure 2.1-1 for the Neactor Core Safety Limits. A revised reactor cu ¢ safety nits
graph (Figure 2.1-1a) is adJad with the inclusion of a new page - 2-2a. Tha graph is
changed 1o reflect the 268,50C qpm flow limit at 95% of Rated Thermal Power. Both
the footnote and the graph title a:» worded to be effective for the period of operatian
until steéam generator replacement.
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The proposed change, as submitted January 8, 1992, requested a revision 10 the
footnote on the bottom of Table 2.2-1, Reactur Trip System Instrumentation Trip
Setpoints, 10 specily that the “design flow per loop” is "one-third of the minimum
allowable Reactor Coolant System Total Flow Raie as specified in Table 3.2-1."
Several additione! items in Table 2.2-1 are proposed to be changed by this
supplement. They are:

ltem 2, Power Rar je, Neutron Flux, the high trip setpoint is lowered from 109% to
103% Rated Thermal Power and the allowable value for the high trip setpoint (s
lowered from 110% to 104% rated thermal power. Both changes are for the period of
operation until steam generator replacement. These changes revize the trip setpointg
$0 that credit can be taken for the 5% reduction in Rated Thermal Power level
regquested in our January 28, 1992 submittal, The revised setpoints wili allow the
necessary \he' mal margin to lower the total RCS flow rate to 268,500 gpm.

ftern 7, Overtemperature A1, Note 1 (page 2-9), the value for Ky is reduced from 1.264
10 1.132 for the period of operation until steam generator replacement, The change o
thie calcyulation factor revises the Overtemperature AT trip setpoints so that credit can
r - taken for the 5% reduction in Rated Thermal Power level and will ensure reactor
protection with the lower the total RCS flow rate.

tam 8, Overpower AT, Note 2 (page 2-10), the value for K4 is reduced from 1.073 to
1.016 for the period of operation until steam generator replacement. The change to
this calculation factor revises the Overpower AT trip setpoints so that credit can be
taken for the 5% reductinn in Rated Thermal Power level and will ensure reactor
protection with the lower the total RCS flow rate.

Thy remaining reactor trip setpoints specified in Table 2.2-1 will continue to ensure
that tho safely analvais - ‘sumptions will be met at the reduced RCS flow rate and
Rated Thermal Po/ o

The proposed cha «« = submitted January 8, 1992, requested a revision 1o Table
3.2-1, DNB Parame. - 'y adding a footnote which reduces minimum limit for Reactor
Coolant System Total Fiow Rate from 284,000 gpm to 275,300 gpm until the North
Anna Unit 1 stearmn generator replacement. With this supglomumal change, we
request to further lower the minimum limit for Reactor Coolant System Total Flow Rate
to 268,500 gpm. This change takes credit for the 5% reduction in Rated Thermal
Power level requested in our January 28, 1992 submittal. The proposed interim
reduction in the minimum measured reactor coolant system flow is necessary 10
accommodate the expected increase in RCS loop resistance caused by increased
steam generater tube plugging levels. Upon resumption of Cycle 9 power operation,
the RCS total flow rate will be confirned by measurement in accorcance with
Technical Specification 4.2.5.2.

The attached safety evaluation supports the above changes to ‘he Technical
Specifications. The supplemental changes to Specification 2.1.1, Figure 2.1-1, Table
221, and Table 3.2-1 are required on an interim basis until the steam generator
renlacement in 1993, at which time they will no longer apply.
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1 0 INTRODUCTION
1.1 Background

North Anna Power Station Unit 1 is curvently fnvolved in a mid-cycle
steam generator inspection outage. An extensive eddy current inspectlion
of the North Anna Unit 1 «<team generator tubes 1s being performed using
very censervalive analysis guidelines and plugging criteria. As such, a

substantially increased number of tubes are expected to be plugged.

The physical consequences of extended SGTP are primarily (a) increased
RCS loop resistance, resulting in a lower RCS flow rate, (b) decreascd
steam generator tube heat transfer ares, resulting in lower steam
yenerator cutlet steam pressure, and (c¢) a decreased total RCS volume.
The impact »f these changes with respect to previouily analyzed design
conditions must be fully assessed for both norma)l operating and accident
conditions. This assessment is performed following & steam generator
inspection outage usually concurrent with a new reload safety evaluation,
wWhen required, revised sarety aniiyses are performed ana a Core Operating
Limits Report (COLR) is prepared as required by Te.hnical Specification
6.9.1.7.

In many cases, the incorporation of revised safety analyses into the
North Anna des’gn basis could be accomplished via Virginia Power processes
employed to assess change per 10 CFR 50,59, However, based on current
steam generator plugring projections, it 1s expected that the current
North Anna 1 Technica. Specification RCS flow limit (284,000 gpm) could

be violated. This could potentially occur at average SGTP levels of
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approximataly 20%. To address this concern & separate Technical
Specification Amendment request to reduce the RCS toval ‘low rate limic

by approximately 3% was submitted for review and approval (1,2).

. 7 Summary of Analyses and “va vations to Date

In Reference 1, YVirginia Power proposed a Technical Specification
minimum measured flow of 275,300 gpm, which 1s approximately a 3%
reduction from the currently licensed limit of 284,000 gpm. Because this
flov rate 1s a critical input assumption in the UFSAR Chapter 15 analyses,
ft was necessary to evaluate all Chapter !5 analyses to support the
implementation of extendec SOTP at North Anna Unit 1.  As a rosult,
reanalyses of 5 UFSAR Chapter 15 non-LOCA accidents were preseated (1).

Accidents which were reanalyzod were:

Loss of Externa: Load

Loss of Normal Feedwater
Rod Bank Withdrawal at Po er
Complete Loss of Flow

Locked Reacter Coolant Pump Rotor

For the balance of accidents, evaluations vere performed on the basis
of parameter sensitivities ard available thermal margins. These accident
reanalyses and reevaluations were based on assumed operation at full rated
thermal power. Supplemental information relating to this evaluation was

provided in Reference 2.



Reference 3 presented a Large Break voss of Coolant Accident (LBLOCA)
reanalysis which supports operacion of Unit 4 with maximum Steam Generator
Tube Plugging (SGTP) level of up to 358 in any steam generator, That
analysis was performed based on an assumed power leve)l of 958 of rated

thermal power.

1.3 Purpose of this Evaluation

This evaluation is being provided to supplement and extend References
1 and 7 to support a further reduction in RCS flow to 268,500 gpm. In
this extension, operation at less than or equal to 95% of rated thermal

puwer 15 assumed,

According to Westinghouse estimates of RCS flow rate as a function of
tube plugging percentage, the Reference 1 proposed RCS flow rate of
275,200 gpm corresponds to approximately 32% average tube plugging. This
estimate is based on an extrapolation of previous measured RCS flow data.
decause RCS flow measurement uncertainty may cause wmeasured flow rates
“0 vary by as much as 2% from their true value, there exists an expected
riange of steam generator tube plugging over «lick the proposed tlow rate
may be met. This range is estimated to be betwean 28% and 36%. However,
it should be emphasized that this is only an estimated range which does
not explicitiy account for inaccuracy in the predictien of flow versus
pligaing. If flow prediction accuracy is considered, the rcange of

plugging over which the 275,300 gpm minimum neasured flow rate requirement

might not De met is further widened.




-

To provide for an increased confidence level that the Technical
Svecification flow limit will be met, Virginia Power has performed an
additional evaluation which suspports operation of North Anna Unit 1 at
a therma!l power level not to exceed 95% of rated thermal power, peak steam
generator tube p ugging levels of up to 358, and a revised minimum reactor
coolant system total measured flow rate of 268,500 gpm. Note that the
Reference J submittal assumed a maximum power level of 958 of rated

thermal power,

This evaluavion provides an updated assessment of all of the UFSAR
Chapter 15 accidents at the conditions stated in Table 1. To support
operatfon at the 268,500 gpm measurud flow rate, revised Core Thermal
Limits (Technical Specificativas Figure 2.1«1) have been developed,
These revised 1imits have been used in turn to develop new Overtemperature
and Overpower AV scipoints, Section 2.1.1 discusses this development,
Consistent with established practice, confirmatory analyses of the
uncontrolled rod withdrawal at power have been performed to verify ONB
protection over a wide range of core thermal/hydraulic conditions. These

analyses are discussed in Section 2.1.2.

The evaluations for the balance of the non-LOCA accidents are presented
in Saction 2.2. The impact of the reduced flow value on balance of plant
and support systems iv reviewed in Section 3.0. Conclusions and references

are presented in Section 4.0 and 5.0, respectively.
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2.0 EVALUATION
2.1 Impact of Flow Reduction on Core Thermal Limits

An evaluation has been performed to assess the impact of the proposed
reduction in minfmum measured flow rate on North Anna Unit 1 core thermal
Timits, Overtemperature and Overpower AT trip setpoints, and the f(al)

function.

Trs current Core Thermal Limits in Figure 2.1-]1 of the Technical
Srecifications consist of two distinct limits, The DNBR portions of the
limit 1ines are based on a minimum measured flow of 289,200 gpm and bound
a design DNBR 1imit of 1.46 (as opposed to a statistica) DNBR 1imit of
1.26). The vessel exit perticns of the 1imit lines are based on a thermal

design flow of 278,400 gpm.

. Reference 1, an assessment was made of operation at a tota)l measured
RCS flow rate of 275,300 gpm and the current Coe Thurmal Limits,
Operation was shown to be acceptable based on the use of available

retained DNBR margins.

For the proposed additional reduction in minimum measured RCS flow rate
to 268,500 gpm, revised thermal limit lires have been generated based on
this reduced flow and a design DNBR limit of 1.46. In this way, no flow
reduction penalty need be assessed against the generic retained ONBR
margin for operation at 268,500 gpm. The definition and application of
retained DNBR margin in Virginia Power design analyses is described in

References 1 and 2.
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The vesse) exit boiling limited portions of the core thermal limits
were evaluated with the proposed reduced non-statistical (deterministic)

thermal design flow rate of 263,130 gpm (which corresponds to a minimum

measured flow rate limit of 268,500 gpm). The revised Thermal Limits are

shown in Figure 1.




FIGURE 1

CORE THERMAL L(IM]TS

Nominal T." » 586.8'F
Nominal RCS flow « 268,500 GPM
680
660
640 |
-
L .
600 }
580 ¢
560 g : X
0 02 04 0.6 08 1 12 1.4
POWER (fraction of nominal)
R W
Figure 2.1.1a nmmomzmwmmmmmrmmm
PERIOD OF OPERATION UNTIL STEAM GENERATOR REPLACEMENT
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2.1.1 Generation of New OTAT and OTAT Setpoints

New Technical Specifications OTAT and OPAT setpoints were generated
from the Figure 1 Thermal Limits using the Methodology of WCAP-8746
(Reference 4)., The revised setpoint equations are compared to the

existing equations in Tables 2 and 3.

For the OTAT function, the f(Al) function currently in the Technical
Specifications was demonstrated to provide bounding protection for the
p osed reduced minimum measured flow rate. This evaluation was
performed by the standard approach of demonstrating that the static power
reduction asscciated with the f(Al) function maintains the DNBR above the
design 1imit (1.46) for a range of positively and negatively skewed power

shapes at the reduced flow rate.

Confirmatory analyses of the rod withdrawal at power accident were
performed which demonstrate that the thermal limits are not exceeded over
the entire range of achievable system conditions for operation with the
revised protection setpoints. The results of these analyses are presented

in the next section,




R e

TABLE 2

Revised Overtemperature Al Setpoint Equation

AT(Setpoint)
1+tauls
= AT(Nom) x |K] = KZewewvones (Tave=10) + K3(P=PD) + f(Al)]
1+tau?s
where CURRENT PROPOSED
K] = 1.264 1.132
K2 = 0.0220 0.0220
K3 = 0.001152 0.001152
taul = 25 sec 25 sec
tau2 = 4 sec 4 sec
10 = 586.8 °F 586.8 °F
PO = 2235 psig 2235 psig
f(al) = 0.0167x(=44%-a1), a4l «<-44% No change
B 0.0, ~44% <al<+3% No change
= 0.020x(Al-3%), Al » +3% N~ change
Tave = Average temperature, °F
P = Pressurizer pressure, psig
TABLE 3
Revised Overpower AT Setpoint Equation
AT(Setpoint)
tauls
= AT(Nom) x [K4 = K§=ermomsees Tave + K6(Tave=T10)}
l+tauls
where CURRENT PROPOSED
K4 -~ 1.079 1.016
¥ 0.02/°F, Tave increasing 0.02
) 0.0 Tave decreasing 0.0
Ky 0.00164 0.00164
taul = 10 sec 10 sec
10 = $86.8 °F 586.8 °F
f(al) = 0.0, all al

Tave = Average temperature, °F

11



fooud Conf

Jon sovses 0 saontroited Rod Withdrawa)l at Power

v+ Rod Witk ' 34 ¢ “ower (RWAP) Accident has been reanalyzed to

asues: M v . oninimum meas.ed flow of 268,500 gpm
assuc wi . [he sed T/ s+ oints described above
wers i Cysis, P o, 0 gtion in the high nuclear
flux trip was o - ;  consistent with our proposed interim operation.
2 osilatistica. tre i i key .ralysis uncerteinties was utilized in

Crp ekt s with %sotn Anica implementaticn i che wethodology described
.1 Reference & A discussion of the analysis is presented in the

fo! iowing tections.

¢.1.2.1 Accident + “ription

The uncontro)lled rod cluster contrel assembly (RCCA) withdrawal at
power is a postulated ZTuondition 1] event initiated by operator action or
coatrol system malfunction. The transient s characterized by an  crease
in core heat flux, resulting in a mismatch betweun core power generation
and power removil Dy the steim generator. This power mismatch, which
pertists until the steam generator pressure reaches the relief or safety
valve satpoint, causcs an iacrease in the primary coolant temperature.
The transient wou'ld result in viclation of the care thermal limits if not
cerminated by either manual or automatic action. The reactor prutection
syster is designed to terminate the transient prior to exceeding core

thermal 1°mits.



2.1.2.2 Method of Analysi.

The rod withdrawal at power event was reanalyzed with the RETRAN (6)
system transient analysis code. A1l assumptions were consistent with or
conservative with respect to those in the previously approved analyses.

é” The RETRAN code provided transient pressures, core inlet temperatures,
heat fluxes and core flows which were used as input to a detailed
thermal /hydraulic statepoint analysis using the COBRA (7) code. The WRB-]

eritical heat flux correlation (8) was used.

< Tu fully evaluate the RWAP event, a wide range of initial plant
conditions are analyzed to determine those which are most limiting.
Previous anaiyses showed that the transients initiated from hot full
power were limiting (1). Therefore the revised setpoints were reconfirmed
by analyzing a range of reactivity insertion rates frow an initial power

1 level of 95% of rated thermal puwer.

I is assumed in the analysis that © s .am Aump and rod control
% systems 40 not function during the RWAP event. However cradit is taken
for pressurizer PORV's and safe'y valwes, steam generator atmospheric
relief valves and safety valves, as well as pressurizer spray (full flow

from both valves is assumed), since studies have shown that this provides

more limiting ONBR's.
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2.1.2.3 Results and Conclusions

The reanalysis of the rod withdraval at power event demonstrated that
the minimum DNBR will remain above the ONBR design limit for operation
with reduced minimum measured flow associated with extended steam

generator tube plugging.

Figure 2, on the following page, presents the minimum RWAP DNBR result
as & function of reactivity insertion rate. The lower graph (labelled
1008 Power) shows the Ref. 1 analysis results assuming the 275,300 gpm
minimum measured flowrate, 1008 power and the current Technical
Specification OTAT setpoints. The upper graph (labellec “5% power) shows
the results from the revised analysis with reduced minimur measured
“lowraie, 958 power, the preposed Technical “pecification OTAT setpoints,
and a reduction in the power range high flux trip setpoint. These
results demonstrate that the combination of Overtemperature AT and high
flex reactor trips act together to provid: core DNB protection over the

range uf acheivable thermal conditions.

T



FIGURE 2

Effect of lontiivit‘ 'raartion Rote oe Minimum DNBR
1008 Power vo 893 Power, Ninimum Foadboctk
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2.2 Summary of Accident Evaluations
2.2.1 Overview of Assessment Process

As discusse” 'n Reference 2, the ,rocess of evaluating the accidents
for the effects of reduced flow is aided by what is essentially a
screening process which suojects the individual accidents to the

following tests:

1) Is the acciden: invacted by neither RCS flow nor steam generator
tube pluggirg? In some casvs (e.g., waste gas decay tank rupture), there

is no impact and thus the event need not pe considered furiner,

2) 1s the accident impacted by plugning bul not by flow? These events
(e.g. chemical and volume control system maifunciion at power, which is
sensitive to RCS volume but not tlow) will be addressed under 17 (7n 50 59
to support unit restart with extended plugging butl have not been addressed
; here since they are not impacted by the proposed RCY flow Technical

) Specification Change.

3) Is the accident imoacted by RCS YFlow alone (i.e. and not by othar
;“ tube plugging phenomena)? In some cases tha dynamics of the event are
not impacted by plugging effects, and the impact is limited to the direct
effect of RCS flow on the DNBR. An example 15 accidental depressuriration
of the reactor coolant system, Accidents 1in this category were
dispositioned via application of 2 generic ONBR evaluation which shows

that the effects of a 5% power reducrien more than offset the impact of

16
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the proposed additional flow reduction (i.e. with respect to the Reference

1 proposed value). This evalration is discussed in Section 2.2.2, below,

4) ls the accident potentially impacted by both RCS flow and steam
generatur tube plugging effects? These are accidents which, in addition

to the direct flow effect on DNBR, may be sensitive to

a) steam generator hydraulic resistance (i.e. pressure drop)

h) steam generator heatv transfor area and/o. secondary side
initial condition.

c) reactor coulant system volume

d) instrumentatioa effects (i.e. OTAT trip)
Accidents in this categury must be evaluated, not only fur the direct

DNBR effects, as in Category 3) above, but alse for the additional dvnamic

effocts.

17
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2.2.2 Assessment of Net Flow/ Therma! Power Impact on DNBR

Accidents in Category 3 above have been assessed using a generic
evaluation of the net effect on calculated ONBR's of the proposed (a)
reduction in core thermal power te 558 of rated thermal power and the
associated increase in allowable radial power peaking, end (b) reduction
in thermal design flow from 275,300 gpm (91,767 gpm/loop) to 268,500 gpm
(89,500 gpm/loop). The analyses presented in Reference (1) support the

gestablishment of a 275,300 gpm minimum measured RCS Total Flow Rate.

Yo perform this evaluation, & series of thermal/hydravlic tatepoints
which represent norma’ operation and limit'ag accident conditions were
percurbed to determine the DNBR effect of margin21 changes in flow, power,

and Fa¥M, The following statepoints were considered:

1) Nominal desiyn hot full power conditions.

2) The statepoint corresponding to minimum DNBx following
the complete loss of RCS flow event.

3) The limiting ONIR statepoint for the uncontrolled RCCA

withdrawal event.

The worst~case sensitivities developed from each of these statepoints
w3re then used to perform a conservative overall assessment of the net
effect of 1 reduction *n design flow trom 275,300 gpm (the Refereirve 1
basis) to 268,500 gpm (approximately a 2.5% reduction) coincident with a

5% reduction in core thermal power and the associates increase in the

18
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2.2.3 Discussion of Accidents By Grouping

Group 1: No Flow/No Plugging Impact

Accidents which are impacted by neither flow nor plugging are those
which are insensitive to RCS thermal/hydraulic conditions or have been
demonstrated not to be credible (e.g. inactive loop start at power) for
North Anna Unit 1. These events may be excluded from further
consideration as discussed in Reference 1, and are as follows (UFSAR

section number is provided below):

* Inactive Loop Startup (15.C.6)

* Misloaded Fuel Assembly (15.3.3)

* Waste Gas Decay Tank Rupture (15.3.5)

* Volume Control Tank Rupture (15.3.6)

* Fuel Handling Accident Outside Containment (15.4.5)
* fuel Handiing Accident Inside Containment (15.4.7)

*  Steam Generator Tube Rupture (15 a 2}

As discussed above, the inactive loop start at power is not considered
credible based on current Technical Specifications. RCS flow rate is not
an analysis input parameter for the misloaded fuel assembly event, the
tank rupture accidents or the fuel handling accidents. Further discussion

of this category of events may be found in Reference (1).

20
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Steam Generator Tube Rupture

The steam gensrator tube rupture event has been placed in this categury
because extended steam generator tube plung:ng and its accompanying
effect on RCS flow, primary to secondary heat transfer, and RCS loop
resistance would have insignificant impact on the analysis results of the

*
steam gererator tube rupture transient, as discussed in Reference 1.

21
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Group 2: Accidents Impacted by lube Pluaging But Not RCS Flow Rate

Evziits which are insensitive to RCS flow but which tan be impacted by

SGTM levels are as tollows (UFSAR section number is provided below):

»  CVCS Malfunction (Boron Dilution) (15.2.3)
* Smail Beeak LOCA (15.3.1)
* lLarge Break |0OCA (15.4.1)

In general, these are event. wh.ch are nnt assessed against the minimum
NBR criterion fur moderate freq ency events but rather by alternate
¢ri.tesfa such as available opera‘or response time (e.g. to avoid loss of

shutdown margin for boron diiution ~v.uris, .

Boron Dilutron

A feaueition in the minimum measured flow rate has no direct
consequences on the anaiysis of the boron dilution event.. This ha. been
discussed fullv in Reference 1. The impact on the boron dilution at power
analysis of the reduction in RCS volum associated with extended SGTP will
be considered as part of the analysis supporti&g North Anna 1 Cycle 9
rastart. Therefore, no reanalysis of this event is required to support

the proposed Technical Specifications changes.

22
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Groun 3: Accistents Impacted by RCS Flow Alune

Acclidents which are impacted by RCS flow onl, (and not by other tube
plugging phenomena) are those where primary to secondary side heat
trancfer and/or sieam yenerator primary side pressure drop, which are the
two major impacts of SGTP apart from flow, d3 not impac* the dynamics of
the accident. For example, reactivity excursion transients which are
rapid with respect to the therma! respon.o time of the steam generators
are placed into this category. Group 3 accidents in this category are

(UFSAR section nuwber is provided below).

* Control Rod Drop/Misalignment (15.2.3)
* hoti Withdrawa) from Subcritical (15.2.1)

* Contro' Rod Ejection (15.4.6)

“ Control Rod Drep

The Virginia Power methodology for analysis of control rod drop was
| discussed in Reference 1. Reference 1 discussed the development of new
dropred rod DNBR 1°mi% linwes applicable to the 275,300 gpm tota) measured
flow condition. These (ines were based on a design DNBR limit which
exceeded the statistical DNBR limit and therefore contained retained
margin, This margin is nore than encugh to offset the reduction from the

275,300 gpm to the 268,500 gpm flow condition. Therefure the dropped rod

Timit lines Referencesd in (1) are adeguate to assess restart of Unit 1

at either the 275,300 gpm or the 268 500 gpm reasured flow limit.

24
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Rod Withdrawal From Subcritical

This event is assumed to be initiated from hot zero power. It is a
nen-Timiting tranmsient from a UNBR standpoint. The current analysis
yields a peak heat flux well below the hot full power steady state value.
The peak heat flux statepoint from the UFSAR analysis was resxamined at
the proposed flow limit and the Technical Specifications radial peaking
factor 'imit fer hot zero power, The DNBk remains well above the limit
2vd the conclusions of the UFSAR remain valid at the proposed flow iimit

for this s ent.

Gontrol Kad fiection

The control rod ejection evaluation in Reference 1 showed a small but
acceptable increase in peak clad temperature for the limiting case based
on appiicaticn of flow sersitivity studizs, [xtending this assessment
to the current proposed flow rate shows that the analysis limit for peak
clad temperature is still wet with substantial margin for the limiting

case,

Other Events Assessed for DNB

Far those evenls assessed against the ONBR criterion for moderate
frequency events, the assessment in Section (.2.2 applies. As noted

therein, the impact of a 5% reduction in reactor power and the associated

25






Group 4: Accidents Potentially Impacted by RCS Flow and Plugging
Accidente potentially affected by both tube plugging and RCS flow are as

follows {UFSAR secticn number is provided below):

* Partial Less of Flow (15.2.5)

* Loss of Externa) Load (15.2.7)

* Loss of Normal feedwater (loss of Offsite AC) (15.2.8/15.2.9)
* Accidental Depressurizetion of the Main Steam System (15.2.13)
* Minor Secondary Steam Fipe Breaks (UFSAR Section 1f . 3.2)

* Complete Loss of RCS Flow (15.3 4)

* Single Rod Withdrawal at Power (15.3.7)

* Major Secondarv Syster Pipe Ruptures (Main Steam Line Break)
(15.4.2.1)

' Rupture of a Main Feedwater Pipe (Main Fezuline Break)
(15.4.2.1)

* lLocked Reactor Coolant Pump Rutor/ Sheared Shaft (15.4.4)

Partial Loty of Flow, Small Steam Pipe Breaks

The uartial loss of flow event is bounded by the complete loss of flow
event and its assessment is inciuded within the scope ot the evaluation
for the more limiting event. Likewise the accidental denressurization
of the main steam system and minor secondary steam pipe breaks are bounded
by the main steam 1ine break event and their assessments are included

within the scope of the evaluation of the more limiting event.

27
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Loss of External Electrical Load

The Loss of External Load event was reanalyzed for 5GTP levels up to
40% and a reduced RCS minimum measured flow rate of 275,300 gpm (1). The
analysis demonstrated that the transient doe: "ot chatlen~~ RCS and main
steam system overpressure safety limits, nor does it approach DNB

conditions,

the evaluation of Section 2.2.2 shows that che ONBR results of
Reference (1) will remain bounding for the proposed condition. With
respect to primary side overpressurizal ion concerns, the reduction in RCS
flow rate does not significantly affect primary or secondary side
overpressurization results. Because the proposed revised design
conditions also include a pe:. power level of 93%, the decreased load
rejection would be expected to result in lower primary and secondary

pressures than in the previous analysis.
It may be concluded that the effects of the proposed reduction in

minimum measured RCS flow rate are bounded by the both the ONBR and

overpressurization analysis results presented in Reference (1).

28



Less of Normal Fexdwater

The Loss of Normal Feeawater arcident wa. reanalyzed as documented in
Refevence 1. The analysis demonstrated that ste .. generator tube
plugging levels up to 40% (uniform) and a Tech Spec minimum measured RCS
flow rate of 275,300 gpm do not adv.rsely tmpact the ability of the
auxiliary feedwater system to deliver adequate feedwater to prevent the
relief of reactor coolant water through the pressurizar relief or safety
valves, and to prevent system overpressurization. For the cases with and
without continued operation of reactor coolant pumps, the feedwater flow
rates recuired to provide adeguate conling were demonstrated Lo be well

below actual deliverable pump (low rates.

Because this transieat essentially evaluates the capability of the
steam generators to vemove core dec.y heat, the resui.. of the analysis
are primarily impacted by the ‘evel of SGTP rather than the reactor
conlant system flow rate. The RCS flow rate impacts the nominal AV across
the core, but does not significantly impact the steady state (or
transient) removal of heat in such a loag~term heat removal transient.
The results of the loss nf norma)l feedwater analysi. therefore are
insignificantly impacted by a further reduction of this minipnum measured
flow rate to 268,500 gpm. Furthermore, the 5% reduction in initial power
level reduces both the initial stored energy and the post trip decay heat
levels by an amount which more than offsets any small decrease in energy
removal cupability due to reduced RCS flow. Therefore the Reference 1

analysis remains bounding. Sixilar reasoning leads te the conclusion that

29
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the Reference 1 evaluation for rupture of a main feedwaler pipe remains

bounding for the propcsed cendition,

Complite Loss of Flow

The complete loss of flow event has been reassessed ‘or the proposed
conditions by hoth applying the ONBR se sitivity stud.es discussed in
Section 2.2.2 «nd examining the potential effects of hkigher loop
resistance on the normalized RCS fiow coastdown vs, time curve for this
event, The latter effect was evaluated by assuming that the additional
azcrease in loop flow from Reference 1 to the proposed condition is
entirely due to loop resistance efferts. This effect .5 modelled in the
flow coastdown analysis and the normalized (i.e. tu time zero) coastdown
curve wa¢ compared *o the previous result. Baseu on this comparison and
the DNHR sensitivities ot Section 2.2.2, an estimate of the net effect
of flow, poerr and redial peaking on min.mum ODRBR et the proposed
condition was made. Note that the ONBR sensitivities developed in
Section 2.2.2 enveloped the flow coastdown statepoint. It was concluded
that the overall impact of the proposed flow Timit at 958 power will
result in a DNBK benefit with respect to the Reference 1 analysis. The

Reference 1 analysis tharefore bounds the proposed condi.ions,

Single Rod Withdrawal at Power

The Single Rod Withdrawal at Power event produces a system transient
response which is similar te the uncontrolied control bank assembly

withdrawal; thac i3, it results in an increase ... core heat flux aud a
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mismatch between core power generation and power removal by the steam
genervators. Thiy power mismatch, which persists unti]l the st :am generator
pressure reaches the relief or safety valve setpuint, causes an increase
in the primary coolant temperature, The transient would result in a
violation uf @he analysis limits f not terminated by either manual or

automatic action.

The rearalysis presented in Section 2.1.2 for the uncontr-1led control
bank withdrawal at power demonstrates that the oroposed protection
setpoints in combination with the proposed RCS flow 1imit provide adequate
DN8 protection for the full ~ange of applicable thermal hydraulic
conditivas. The reload evaluaticn process demoanstraves that less thee
5% of the core wil: experience hot chacnel fa.ters in sxcess of the steady
state design limit for any sirgle withdrawn RCCA. In this manner it can
be demonstrated that less than 5% of the core will experience ONBR less
than the design limit during a single RCCA withdrawal event, consistent
with the conclusions of the UFSAR. This conclusion will be reconfirmed

prior to Unit 1 startup.

Main Steamline Break

The main steamline break analysis is performed tu ‘damonstrate that
there would be no cor damage due to the vnset of DN, and that the energy
release to contairment does not cause failure of the containment

strusture,
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keference 1 demonstrated that the consequences of a main steamline
break event under conditions of extended SGIP and reduced RCS flow rate
would not exceed the analysis criteria as presented above. This was
F demonstrated on the basis that extended S5GTP reduces the steam generator's
capacity to remove ennrgy frc i the RCS. Because the primary effect on
the RCS of & wain steamline break is to decrease RCS temperature and
pressure, And to increase core power (yiven an and-of-cycle negative
moderator temperature coefficiert), a reduced capacity to remove energy
fromn the RCS du¢ to extended SGTP is an analysis benefit, It was
conciuded that that the calculited transient DNBR under conditions of
extended steam generator tube piugging would be less limiting than th:

current licensing analysis.

; for an additicnal reductic in RCS flow rete from 275,300 gpm to
268,500 gpm (a reduction of 2.5%), an additional penalty to be taken out
of retained margin was developed. Utilizing a bounding viow sensitivity
(+1.4% DNSR/Z flow), the additiosal flow vaduction translates to a 3.5%
penalty to be assessed against available main steamline break analysis
% ' retaired margin. This penalty fully accounts fer the impact of the

| reduced RCS flow rate on MSLB DNB® aralysis results.
bucked Reactor Coolant Pumo Rotor
The locked reactor coolant pumy rotor avent was analyzed in Reference

hot full power operatien. The results showed that less than 133 of lhe

rods in the core experience DNBR les: than the design limit, crnsistent

|
|
|
|
l
|
{ 1 for a fiow rate corresponding to a measurament limit 275,300 7pv and
f
g .

i v e BTy Al s A etk T b e A it Al sk T . I I R . R R B N I R R N R R R T T R R T T ORI



] A A b e 4 A B e b e e e b e e e 1 e e e e e R L e T P v me—— T P TR e S ——

with the UFSAR. Also, the peak RCS pressure remained well within the

acceptance limit,

For the cise of an additioral reduction of 2.5% in RCS flow and a 5%
ceduction in nower, use of the DNBR sensitivities in Section 2.2.2 shows
that the fractior of rods experiencing DNER less than the design limit
would be reduced. Also for the oyarpressure protection case, the effects
of a4 5% reduction in thermal power will more than offset the flow
reduction effects. Since the dominant resistance to flow during the event
is the iocked rotor itself, the normalized (i.e. to time zerc) flow
~oastduwn curve for lockeud rotor is expectcd to remiin essentially
unchanged for the revised condition. The Reference 1 wnalysis remains

bounding.
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3.0 NSSS and Balance of Plart Systems and Components

3.1 NSSS Systems and Components

As documented in Reference 1, Westinghouse Electric Corporation
performed reviews of the following NSSS components and systems to confirm
that operation within the proposed conditions remains in compliance with
the applicable codes and standards.

~ Reactor Vessel and Internals

~ Control Rod Drive Mechanisms

= Main Loov Isclation Valves

* Reactur Coolant Pump and Motor

- Pressurizer

= Steam Generator

= Auxiliary Systems Components (tanks, valves, heat exchangers)
- Fluid Systems

~ Reactor Protection* and Control Systems

*See Section 2.1 for an assessment of new protection setpoints
for the proposed cenditions.

A raview of the Reference 1 evaluation shows that the Westinghouse

studies envelope operation at the proposed design flow rate of 268, 500

gpm,

3.c Balance of Plant Systems and Components

Stone and Webster Engineering Corporation has evaluated the effects
of operating North Anna Unit 1 with reduced RCS flow and extended SGIP
upon the balance ¢f plant systems and components. The changes of
significance for this assessment involve reductions in RCS flow, RCS
volume, steam temperature and steam pressure. Engineering evaluations

have been performed to demonstraie that these parameter changes and
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resulting effects on plant systems and components will be bounded by

existing analyses and will continue .o meet applicable design criteria,

These major balance of plant design areas were evaluated (1):
~ Accident Analyses
- Balance ¢f Plant (BOP) Systems and Components

= Class 1 Piping
- glectrical Distribution System

A review of the Reference 1 assessment shows that the evaluation bounds

the proposed operation at 95% of rated thermal power with an RCS total
flow rate of 268,500 gpm.

35



W--u et A

i S |

i A T el L R e A A e e mas e o e e e e A T Y Y Te—— I — S ——

4.0 CONCLUSIONS

A review of the accident analyses presenteu in UFSAR Chapter 15 has
demonstrated that a reduction in minimum measured flowrate fo: North Anna
Unit 1 to 268,500 gpm at 95% of rated thermal power is accommodated by
current thermal margins or by the assessment of a penalty against
available retained DNBR margins for all accidents. Explicit reanalyses
were performed for ' rod withdrawal at power :svent to confirm the
adequacy of proposed revisions to the Overtemperature AT and high flux
trip setpoints to be implemented for the balance of Unit 1 Cycle 9
operation. In addition, the remaining Engineered Safety Features and
Reactor Protection System setpoints set forth in the Unit 1 Technical
Specifications have been demonstrated to provide adequate piant

protection at the reduced flow condition.

The evaluation showed that all of the acceptance criteria previously
established in the UFSAR continue to be met for all of the events analyzed
in Chapter 15, This conclusion will be reinforced by continued
verification that core physics characteristics for operation with a
reduced RCS flowrate remain within the envelope established by the reload
safety evaluation to be performed prior to resumption of Cycle 9

operation.

The proposed temporary Core Thermal Limits have been verified to bound

Urit 1 Cycle 9 operation with the new RCS flow rate.
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