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2) Cold Shutdown

The reactor i1s in the cold shutdcewn conditicn when the reactor
has a shutdown margin of at least 1% ilk/kx and reactor ccolant
temperature is <200°F.

3) Refueling Shutdcwn -

.The reactor is in the refueling shutdown condition when the reactor
is subcritical by at least 10% Ak/k and ?avq 1s :140°F. A refueling
shutdown refers to a shutdown to move fuel to and from the reactcor core.

4) Shutdcwn Margin

shutdown margin is the instantaneous amount of reactivity Dy which
the reactor core would be subcritical if all withdrawn control rods
were tripped into the core but the highest worth withdrawn RCCA
remains fully withdrawn. If the reactor is shut down from a power
condition, the hot shutdown temperature should be assumed. 1In
other cases, no change in temperature should be assumed.

Power Operaticn

The reactor 1S in power operating condition when the reactor is eritical
and the averace neutron flux of the power range instrumentation indicaces
greater than 2% of FULL power.

Refueling Crperation

Refueling operation is any operation involving movement of core components
(those that could affect the reactivity of the core) within the contain-
ment when the vessel head 1s unbolted or removed.

Rated Power

Rated power 1s here defined as a steady state reactor core output of
1518.5 MWT.

Thermal Pcwer

Thermal power is defined as the tctal core neat tran



Degree of “edundancy

Degrer of redundancy is defined as the difference Herween tne

oumper of operablae channels and the minimum aumber of channela
which whem tripped will cause an automatic shutdown.

Reaczor Critical

The reactor is said to be critical when the neutron chain reacs<

is self-sustaining and k‘f = 1.0.

£

LV Dower Cperation

The reactor is in the lov powver cperating condition vhen the
reactor is critical and tle average neutron flux of the pover
range instrmentation i{andicates less than or egual %o 2% of

~

FULL power.

Fire Suroression wWater Svstem

A FIRE STPPRESSICN WATER SYSTEM shall consist of: a watzsr source:
Ppump (s); and distributicn piping with associated sectionalizing
conttl or isclaticn valves. Such valves shall include vard scst

indicating valves and the first valve ar<ad of the water flow alarm

device cn each sprinkler, hose st..dpipe or spray evstem riser.

Full Power

Full oower is defined 2s 100X of rated power when the RCS flow is
> 178000 gpm. When RCS total flow is < 173000 gpm, full power
is defined to be 9175 of rated power.




SAPETY LSMITS AND LOMITING SAFETY SYSTEM SETTINGS

28.2.9

' 8.2.3 SAFETY M7, REACTCR &RE

- --

Applicability:

Applies == the limiting compinations of thermal power, reactar coolant

systsm pressurs, and coolant temperature during cperation.

Chieczive:

To maintain the integrity of ths fueal cladding.

Specification:
4 The combination of thermal power level, coolant pressure, and
coolant temperature shall not exceed the limits shown in
Figure 15.2.1-1 when RCS Total Flow rate > 178000 zpm, and
Figure 15.2.1-2 when RCS Tetal Flow rate < 178000 zpm. The
safety limit is exceeded if the point defined by the combination
r level

of reactor coolant system average temperature and powe

is at any time above the appropriate pressure line.



T8 2aiatain the integrity ¢f she fuel cladding and srevent fission sraducs

Teledse, i% 1S necessary =z zrsvent overheating of the csladéding w.cer all

cperating condicions. THhis is accomplished -y sperating =he hct :éqzons

of zhe core within e 2ucleat? S0iling regine of heat =ransfer, wherein

.
=sat cransfer zoeffic.ent .s very large and the zlad surface temperatuce

enly a few degrees Tanrenneit above the coclant saturation temperature. The

ipper boundarv of the nucleate Soiling regine s tarded departure Ircm nucleate

boiling (DNB) and at 2hus point there is a sharp reduction oI =he “eat =zransler
coefficient, which would result in high clad temperatuces and the 2essizil.ty
of clad failure. ONB is not, however, an cobservable parameter Juring reac=ers
cperation. Therefore, the cbservable parametars; thermal pcwer, reacscr
soclant temperature and pressurs have Seen relatad to INB througn the W=-3I ONB
correlation. The W=3 CNB corzelaticn has ceen develcoped o precict the IN3
£lux and ﬁho location of ONB for axially unifsm and non-unifcrm neat f.ux
distributicons. The loccal ONB heat flux ratio, deflined as the matic of tne heat
< shat would cause CNB at a parsicular core location to tne local heat flux,
is indicative of the margin %c ONB. The awinimum value of tne INB racio, ONBR,
dur.ng steady state operation, normal operaticnal transients, anc anticigated
sransients .3 limited =20 1.3C. A ONB ratic of 1.10 correspends =0 a 283
srocanility at a 256 confidence level that ONB will net 3CCur ancd .5 cngsen as

13
an appropriata margin =o ONB for all cperating conditions oY

The curves of Figure 15.2.1-1 and 15.2.1-2 represent the loci Of Dolnts
thermal power, coolant system pressure and average temperature for which the ONB
ratio is not less than 1.20. The area of safe operation 1is below these lines.
The safetv limits curves have heen revised to allow for heat flux peaxina

eccs due to fuel densification and flattened ZIuel ~ladding sections.

"o

o
34



Aduitional peaking factors to account for local peaking due to fuel rod axial
gaps and reduction in fuel pellet stack length have been included in the cal-
culation of the curves shown in Figures 15.2.1-1 and 15.2.1-2. These curves
are based on an FZH o” 1.58, cosine axial flux shape, and a DNB analysis as
described in Section ¢ .3 of WCAP-8050, "Fuei Densification, Point Beach Nuclear
Plant Unit 1 Cycle 2" (including the effects of fuel densification and flattened
cladding).
Figures 15.2.1-1 and 15.2.1-2 also include an allowance for an increase in the
enthalpy rise hot channel factor at reduced power based on the expression:

FZH = 1.58 {1 + 0.2 (1-P)} where P is a fraction of FULL power

when P < 1.0 Fzﬂ = 1.58 when P > 1.0.
The effects of roC bow have been included in the determination of a conserv-
ative value for FZH' Rod bow effects of up to 14.9% DNBR are offset by
credits available from the design limit DNBR, pitch reduction, design thermal
diffusion coefficient and the fuel densification power spike, which were pre-
viously approved.*
The hot channel factors are also sufficiently large to account for the degree of
malpositioning of full-length rods that is allowed before the reactor trip set-
points are reduced and rod withdrawal block and load runback may be required.
Rod withdrawal block and load runback occur before reactor trip setpoints are
reached. The Reactor Control and Protective System is designed to prevent any
anticipated combination of transient conditions that would result in a DNB ratio

of less than 1.30.

* Memorandum from D. F. koss and D. G. Eisenhut, USNRC, to D. B. Vassallo
and K. R. Goller, "Revised Interim Safety Evaluation Report on the
Effects of Fuel Rod Bowing on Thermal Margin Calculations for Light
Water Reactors," dated February 16, 1977.

13813
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25.8.3 2CTNG S

ToY SYSTEM SETTINGS, PROTEICTOVE ST

i
i
1}
1
=

AcolizaBioitY:
App..88 2 toip setoings f2r instmments IONitoring TeactSr ower and TeacT=T
sscl2iT Presgurs. temperature, flow, pressurizer level, and permissives relatec

~s react=T srotaction.

Qhtective:
 ———————— ——
To provide for automatlic PIrotactive acticn in tle event that the principal

srocess variabples approach a safsty llmit.

Spec iSicacion:

) Protective instrmantation for rsactor %Tip settings shall be as follows:

A. Startup protaction
(1) High flux, socurca rance - within span of souwrce [ange

ingerumentation.
(2) Bigh flux, intermediats range = < 40% of FULL dower. I
(3) High flux, power range (low set point) -

8. Core limit protsction
(1) High flux, power range (high setpoint)

< 1088 of TULL power

+

gigh pressurizer prassure - < 1285 cosig.

'4
wn
.
rs
.

1
[



(<)

~SW tressurizer pressure - > 1750 zsig for speration at 2200
$8.a Trinary systam sressura

Jver-amperature AT

<4 79 1Kl - K3 (T=7°) (l+T18) + X. (P=P') = 2(AD))
le228 -
“nere
‘Jv_t '

3To = indicated iT at TULL power,

average temperature, °F

T = $74.2 *?

? = pressurizer prassure, »sig

P' = 2235 psig

Ky < 1.30 for operation at 1000 psia primary system sressure
K+ = 0.0150

K3 = 0.000791

tl = 25 sec.

t2 = ] sec.

and £(AI) is an even functicn of the indicated diZfarence
between top and bottom datectors of the power-range nuclear
ion chambers; witl Jains %o De selected tased on Zeasured

instment response during plant startup test3, wnere I, and

Ly

qy are the percant power in the =Op and bottcm halves of tlhe

core respectively, and 3, * 3 i3 total core Sower .n percent

of FULL power, such that:

(a) for g = qp withun ~-17, +«9 percent, Z(iI) = 2.

(b) for each fercent that the magnitude of gp-3y exceeds +3
percent the iT tsip set point shall te autcaatically

—yewy v

reduced 2y an equiva.ent of two .ercent of FULL power

TE oA -
- -



(c! for each percent =zhat the magn:tude of 3 - G, exceeds -17
Pexcent tihe LT TIip setpoint shall be autcmatically reduced
Sy an equivalent of :we percent of FULL -ower. .

(1.3. (5)) Overpowe= AT

< 4%, [Xg = Kg T3S T - Kg (T=P') = £ (A)]
‘gw v 4
where

D -

4Te¢ = indicated AT at FULL power,
T = average tamrverature, °F
T = 574.2
K¢ < 1.089 of FULL power
Kg = 0.0262 for increasing 7
= 0.0 for deczesasing 7T

K¢ = 0.00123 for 7

>
—

= Q.0 forT<T

A
w
k&

10 sec.

£ (AI) as definec in (4) above,

(6) 'Inderveltage - > 7358 of nommal veltage

(7) lLow indicatad reactor coolant flow per loop-
2908 of normal indicatsd locp flow

(8) Reac=or coolant pump TOTOr Sreaker Spen

(a) Low Irequency set point >57.5 cps

>
—

(b) Low veltage set int >758 of normal voltage
g -



o
]
J
o
[
n
'
L
L
i
l
|
b4 J
b
:'
{
s |
-
)
o
’0
14}
']
w
s
0
"
d
.
0
!

b

H
)
)
)
1
™
3 )
L

A. The "at Dower” rsactor tITips (low prassurizer sTessure

SAgh Pressurizar lavel, and Low rsaceor coolant fNaow £

Soth locps) shal. ba unblocked when:
|
-/ POwWaer range nuclear flux > 9% (+l%) of ~ :
|
<) Turdine load > 10N of full lcad tur=ine oresssurs
B. Tne single loss of flow t=ip sha’l e unblcocked when =he

()

intarzecdiate range hign flux level =r.~ shall -e untlocked

—— -~

whan powar is < 9% (+ly) of - wer
- - |
- ~e - . L BEL - - - - 19 - .- 1 A
2. The scurce range nigh JluxX rsactor =rip shall be unblocked

whan the intermediats range flux is < 10 agperes,




ige=isuszien, the reactor =Tip Limit, with allowance Ior erTors, 2
.s always Delow tne core salety 1imis as shown on Figure 12.2.1-1. 22
aAX.a. Deaxks ares gSreatar than dasign, as indicatec DV diffprence cetween
=2p ané HotTIiom POVer Tange suclear iZetectass, the Ieactor ILP limic

15 sutcmatically reduced. (6) (7)

e overpower, overtemperature and pressuriies pressuze system SeTPOLnTS
save Deen revisec TO include ef“ect of reduced systam Dressure operat.cn
(ineluding =he effects of fuel densification). The reviseC setpoints as
given above will not exceed the revised core safety limits as snown oo

2 1.2

Figure 1S5.2.1-land 15.2.1-2.

™e overpower lL.mit critaria is =hat core power Se preaventec ¢rom reaching
a vaiue at which fuel pellet ceantarline melting would occur. The reactor
1s prrvented Irom reaching =he overpower l.mit sonditicn by aczion of ne

AuClear overpower anc overpower AT s=zips.

™ e nigh and low pressure IeacTor erips limit the pressure range .o which
reactsr operaticn 1S peaicttecd. e high pPressurizer Sressure 4 1 (34-2+
crip seting is lower %“han the set pressure oy =he safety valves [ I4€S
PSig) such that =he reactar .5 wTipped Defore she safezy valves actuate.
™e low pressurizer 3IIrassurs reac=or TTipP TIPS tThe reacTar i she wnlikely

[ 4
event of a Loss~ocf-coolant acsident. (4)

-
- -

he low £l rsac=or STip Frotects tThe core against °NB .n tne evert
either a daecreasing aceial measured flow in sme locps or a sudden .0SS

of power o one °F beth Ceactor coclant PUNESs. e set Poin: speciliiec

m

.8 consistent witd =@ value usec .n the a cident analysis. ' The .ow

"

loop flow signal is saused =y a zonaditisn <© 1ess =nan 20V flow as measurec

. - 3 & . e L -
by the .ocp flow instTumentation. = Loss 2 sower signa. -5 causec IV



the reactor coolant pump breaker opening as actuated by either high current, low
supply voltage or low electrical frequency, or by a manual control switch. The
significant feature of the breaker trip is the frequency setpoint, 57.5 cps,
which assures a trip signal before the pump inertia is reduced to an unacceptable
value. The high pressurizer water level reactor trip protects the pressurizer
safety valves agains water relief. The specified setpoint allows adequate oper-

(2)

ating instrument error and transient overshoot in level before the reactor

trips.

The low-low steam generator water level reactor trip protects against loss of
feedwater flow accidents. The specified setpoint assures that there will be
sufficient water inventory in the steam generators at the time of trip to allow

for starting delays for the auxiliary feedwater system. (9)

Numerous reactor trips are blocked at low power where they are not required for
protection and would otherwise interfere with normal plant operations. The
prescribed setpoint above which these trips are unblocked assures their avail-
ability in the power range where needed. Specifications 15.2.3.2.A(1) and
15.2.3.2.C have *1% tolerance to allow for a 2% deadband of the P10 bistable
which is used to set the limit of both items.

Sustained operation with only one pump will not be permitted above 10% Full
power. If a pump is lost while operating between 10% and 50% of Full power, an
orderiy and immediate reduction in power level to below 10% of Full power is
allowed. The power-to-flo- ratio will be maintained equal to or less than
unity, whi.ch ensures that the minimum DNB ratio increases at lower flow because
the maximum enthalpy rise does not increase above the maximum enthalpy rise

which occurs during full power and full flow operation.

References

(1) FSAR 14.1.1 (4) FSAR 14.3.1 (7) FSAR 3.2.1
(2) FSAR, Page 14-3 (5) FSAR 14.1.2 (8) FSAR 14.1.9
(3) FSAR 14.2.6 (5) FSAR 7.2, 7.3 (9) FSAR 14.1.11

15.2.3=7
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adsdra REACTCR COQLANT SISTEM

Applocas.__Tv

Applies =0 the cperating status of the Reactor Ccoclant Systam.

Ohcactive
2o specify those limiting conditions for operaticn of the Reac=cr Coclant

System which must De met tO ensure safe rsactor operat.on.

Spec:fication
A. QFERATIONAL CCMPONENTS
Specification:
1. Coclant Pumps
a. At least cne rsactor coclant pump or the residual heat
rencval system shal. be in operation when a reducticn
is made in the boren concentTaticn of the reactcr coclant.
b. When the reactor is critical and above 1V Full sower,
except for natural circulation tasts, at least cne reac:ar

coclant pump shall be in cperat.cn.

c. (1) Reactor power shall not e 3aintained above .0%
of FULL power unless both reactor coolant pumps are

in cperaticn.

(2) If either reac=Or coolant pump Ceaser Sperating,
immediate power reducticn chall De inlit.atecd Jinger
administrative control as necessary T2 recuc:s ooOwer
to lLess =han 108 of TULL pewer.

s Steam Ganerator
a. One steam genaratcr shall De crerasle wnenever The averace
390°F

Ceactor sOoclant tTemperatire 13 aipove

15,3.1=1
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because ¢f the low pressurizer volume and because pressurizer toren
corcentration notmally will be higher than that of the rest o. Zhe

reactor soolant.

Part 1 of the specification requires that a sufficient number of reactcr
coclant pumps be operating to provide core cooling in the event *.‘ut'.a loss of
flow occurs. The flow provided in each case will keep DNBR well above 1.30

as discussed in FFDSAR Section 14.1.9. Therefore, cladding damage and release
of fission products to the reactor coolant will not occur. Heat transfex
analyses (1) show that reactor heat equivalent to 108 of FULL power can oe i

removed with natural circulation only; hence, the specified upper limit of 1%

FULL power without operating pumps provide a substantial safety factor. |

Each of the pressurizer safety valves is designed to relieve 288,000 lbs.

per hr. of saturated steam at setpcint. Below 250°F and 350 psig in the
reactor coolant system, the residual heat removal system can remove decay

ieat and thereby control system temperature and ptCll;rt. If no residual heat
158 removed by any of the means available, the amount of steam which could be
generated at safety valve relief pressure would be less than half the valves'
capacity. One valve therefore provides adequate defense against over-
pressurization. Part 1l c(2) permits an orderly reduction in power 1f a reactor

cooclant pump is lost during operation between 108 and S0% of FULL cower.,

Above 508 FULL power, an automatic reactor trip will occur if either pumc

O

w
el

The power-to-flow ratio will be maintained equal to or less than 1.0 which
ensures that the minimum DNB ratio increases at lower flow since the maximum

enthalpy rise does not increase above its normal full-flow zaximum value. (2)

A PORV is defined as OPERABLE if leakage past the valve is less than that
allowed in Specification 12.3.1.D and the PCRV has met 1%ts most racent
channel test as specified in Table 15.4.1-1. The PORVs operate to relleve,
in a controlled manner, reactor coclant system pressure increases Ddelow

-

15.3:1=3



G. JPERATZONAL LIMITAZZONS

The folilowing DONB related parameters shall e naintainec within the limit
shewn during FULL power operation:
L. Tavg shall be maintained:

578°F when RCS total flow > 178000 gpm

<
< 576.9°F when RCS total flow < 178000 zpm

¢ Reactor coolant svstem pressure shall be mnaintained:
> 1955 psig during operation at 2000 psia
3. Reactor Coolant System Total Flow Rate > (.95) x 178,000

Basis:

Although the operational limitat 'ons above require reactor coclant syr .o
total flow be maintained abcve a minimum rate, no direct means of measuring
absolute flow during operation exist. However, during initial startup
reactor coolant flow was measured and correlated to core AT. Therefore
aonitoring of AT may be used to verify the above minimum flow requirement
is met. If a change in steady state full power AT greater than 3°F is

observed, the actual flow measurements will be taken.

15.3.1=19




The eight main steam safety valves have a total cambined rated capability of
6,664,000 1lbs/hr. The total rated steam flow is 6,620,000 lbs/hr, therefore
eight (8) main steam safety valves will be able to relieve the total full

steam flow if necessary.

In the unlikely event of complete loss of electri~al power to the station, decay
heat removal would continue to be assured for each nit by the availability of
either the steam-driven auxiliary feedwater pump or one of the two motor-driven
auxiliary steam generator feedwater pumps, and steam discharge to the atmosphere
via the main steam safety valves or atmospheric relief valves. One motor-driven
auxiliary feedwater pump can supply sufficient feedwater for removal of decay
heat from a unit. The minimum amount of water in the condensate storage tanks is
the amount needed for 25 minutes of operation/unit, which allows sufficient time

for operator action.

An unlimited supply is available from the lake via either leg of the plant service

water system for an indefinite time period.

15.3.4-2a



INSTROMENTATI

.

SiCna. Safacy Ianstrumentation
Applicapi izv:
APFiies to zlant instrumentation systems,

-

Objectives:

To previde for automatic .nitiaticn of the Engineered Safety Features in the

even: what Srincipal process variable limits are exceeded, and =o delineate

the conditions of the plant instrumentation and safety circuits necessary

to ensure reactor safety.

Specification:

A. The Engineered Safety Features initiation instrumentation set:iing
limits shall be as stated in Table 15.3.5-1.

B. For on-line testing or in the event of a sub-system instrumentation
channel failure, plant operation at FULL power shall be permitted,
to continue in accordance with Tables 15.3.5-2 through 15.3.5-4.

C. In tha event the number of channels of a particular sub-system
in service falls below cthe limits given in the columm entitled
Minimum Operable Channels, or Minimum Degree of Redundancy cannot
be achieved, operation shall be limited according to the reguirement
shown in Tables 15.3.5-2 through 15.3.5-4, Operator Action when

minimum operable channels unavailable.

w

D. The accident monitoring instrumentatiocn channels in Table 15.2.5-
shall be operable. In the event the number of channels in a parti-
cular sub-system falls below the minimum number of operable channels
given in Column 2, operation and subsequent cperatsr ac-ion shall

be in accordance with Column 3.

Instrumentation has been provided To sense accident conditions anc o

initiate operation of the Engineered Safety Features(l).



TABLE 15.3.5-2 (Cont'd)

1 2 3 - 5 :
NO. OF MIN. MINIMUM PERMISSIBLE OPERATOR ACTION
NO.OF CHANNELS OPERABLE DEGREE OF BYPASS IF CONDJTIONS OF
NG. FUNCTIONAL UNIT CHANNELS 10 CHANNEILS REDUNDANCY CONDITIONS COIUMN 3 Ok 4
TRIP CANNOT BE MET
11. Turbine Trip 3 2 2 1 Maintain <50% OEFFULL
power
12, Steam Flow - Feed Water Flow  2/loop 1/1loop 1/loop 1/loop Maintaia hot
mismatch shutdown
13, Lo Lo steam Generator 3/o0p 2/loop  2/loop 1/loop Maintain hot
Water Level shutdown
14. Undervoltage 4 KV Bus 2/bus 1/bus 1/bus - Maintain hot
(both buses) shutdown
15, . Undcrfrequency 4 KV Bus 2/bus 1/bus 1/bus - Maintain hot
(both buses) shutdown
NOTE: When block condition exists, maintain normal operation.
FP. = FULL power
* Hot Applicable
** One edditional channel may be taken out of service for zero power physics testing. "

Page 2 of 2
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*Applies to presently installed combination of auxiliary feedwater pump discharge flow indicators and auxiliary feedwater

TABLE 15 3.5-5

INSTRUMENT OPERATING CONDITIONS FOR INDICATIONS

1 2
MINIMUM

NO. OF OPERABLE
FUNCTIONAL UNIT CHANNELS CHANNEL
PORV Position Indicator 1/Valve 1/Valve
PORV Block Valve Position 1/valve 1/Valve

Indicator

Safety Valve Position Indicator 1/Valve 1/Valve
Reactor Coolant System Subcooling 1 1
Auxiliary Feedwater Flow Rate* 1 1
Control Rod Misalignment as Monitored 1 1

by On-Line Computer

flow to steam generator indicators.

3

OPERATOR ACTION IF CONDITIONS
OF COLUMN 2 CANNOT BE MET

If the operability of the PORV ition indicator
cannot be restored within 48 nour s, shut the
associated PORV Block Valve.

If the operability of the PORV Block valve Position
Indicator cannot be restored within 48 hours,

shut and verify the Block Valve shut by direct
observation or declare the Block Valve inoperable.

If the operability of the Safety Valve Position
Indicator cannot be restored within seven days,
be in at least Hot Shutdown within the next

12 hours.

If the operability of a subcooling monitor
cannot be restored or a backup monitor made
functional within 48 hours, be .n at least
Hot Shutdown within the next 12 hours.

If the operability of the auxiliary feedwater
flow rate indicator cannot be restored within
48 hours, be in hot shutdown within 12 hours.

Log individual rod positions once/hr., af*er a
load change >10% of full power or after >30 inches
of control motion.
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8.1

Under abnormal conditions including Black Plant startup, one reactor

may be made critical providing the following conditions are met:

b.

C.

Be

One 345 KV transmission line is in service; or the gas turbine

is operating.

The 345/13.8 XV and the 13.8/4,16 KV station auxiliary transformers
associated with the unit to be taken critical are in service; or
the associated 13,.8/4,.16 XV station auxiliary transformer is in

service and the gas turbine is operating,

Reactor power level i{s lis‘ted to 503 FULL power until 2 or more

transmission lines are restored to service,

480 Volt buses BO3 and B04 for the unit to be taken critical are

energized.

4160 Volt buses A03, AQ4, A0S, and AO6 for the unit to be taken

critical are energized,

A fuel supply of 11,000 gallons is available; and both diesel

gene-ators are operable.

Both batteries and DC systems are operable.

During power operation of one or both reactors, the requirements of

15.3.7.A.1 may be modified to allow the following arrangements - ° systems

and components:

1f the 345 KV lines are reduced to only 2ne, any operating reactor(s)
must be promptly reduced to, and limited to, S0% FULL sower., 1If 3
345 KV lines are lost, anv operating reactor(s) will be reducad o

supplying its auxiliary load, until one or more 345 XV transmission

lines are again availabie. B e o o

15 2 ] -
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B. 1If both 345/13.8 XV auxiliary transformers are ocut of serrice and

only the gas <urbine is operating, only one reactor will remain

-

operating and it will be limited to 508 FULL power. he secznd resct

will be placed in the hot shutdown conditicn.

€. If the 13.8/4.16 XV auxiliary transformers are reduced toaonly
one, the reactor associated with the out of service transformer
zust be placed in the hot shutdown condition.

d. Either bus AQ03 or A04 may be out of service for a period not exceed-
ing 7 days provided hoth diesel generators are operable and the

associated diesel generator is operating and providing power to the

engineered safequard bus normally supplied by the cut of service bus.

e. Cne diesel generator may be inoperabls for a period not exceeding 7
days provided the other diesel generatocr is tested daily toc ensure
operability and the engineered safsty features associated with this
diesel generator shall be cperabla.

£. One battery may be incperable for a pariod not exceecing 24 hours
provided the other battery and two battery chargers remain cperable
with one charger carrying the DC lcad cof the inoperable battery's

DC supply systen.

Basis

This two unit plant has four 345 XV transmission line intarconnections. A
20 MW gas turbine generator and two 2850 KXW diesel gensrators are installed
at the plant. All of these energy sources will be utilized tc provide
depth and reliability of service to the Engineered Safeguards ecquizment

through redundent station auxiliary power supply systams.



If only one 345KV transmission Line is in service to the olant switchyars, 3
temporary Lcss of this Line would result in a reactor trip(s) if the reactor(s)
power Level were greater than 50% FULL power. Therefore, in orcer to maintain !
continuity 2% service and the possibility of self-sustaining operations, 1¢

only one 345KV transmission Line is in service to any operaticn reactar(s), the

power level of the affectec reactor(s) will be limited to S0% FULL power. '

If both 345/13.8KV station auxiliary transformers are out of service, only one
reactor will be operated. The gas turbine will be supplying power to operate

the safeguards auxiliaries of the operating reactor and acts as a backup supply
for the unit's normal auxiliaries. Therefore, to prevent overloading the gas
turbine in the event of a reactnr trip, the maximum power level for the operating
reactor will be Llimited to S0% FULL power. These conservative Limits 3re set !
to improve transmission system reliability only and are not dictatec by safety

system requirements.

References

FSAR Sec.ion 8



25.3.40 CONTRCL ROD AND POWER DISTRISUTION LIMITS

Applicability

e ———

Applies to the cperation of the control rods and to core power distributicn

limits.

Ob*e;;;vd

Te insure (1) core subcriticality after a reacIor erip, (2) a lamiz oa potential
reactivity Lnsertions ¢rom a hypothetical rod eluster control assembly (RCCA)

ejection, and (3) an acceptable core power distribution during power cperaticn.

Specification

A. Bank Insertinn Limits

p i when the reactor 1is crivical, except for physics tests and control
rod exercises, tne shutdown banks shall be fully withdrawn.

&a wWwhen the reactor 1is critical, the control banks shall be inserted no
further than the limits shown by the lines on Figure 15.3.10=1,
Exceptions £o the insertion limit are permatted for physics tests
and control rod exercises.

3 e shutdown margin shall exceed the applicable value as snown an
Figure 15.3.10-2 under all steady-state cperating condizions from
150°F to FULL power. An exception to the stuck RCCA component of
the shutdown margin requirement 1S permitted for pnysics tests.

4. Except for physics rests a shutdown margin of at least .V k/Kk sShd..
be maintained when the reactor coolant temperature .s .ess tnan 350°T

o Wwhen the reactor is in the hot shutdown condition Or during any
appreoach to criticality, except for pnysics rests, the criticad
rod position srall not be lower than rhe insertion Llimit for Zerc
power. That is, 1€ =he control rods were withdrawrn .n normas
sequence wita no other reactiVvity change, the reactor wouid neT

pe critical until the control ~anks were abcve <tnhe ingersion .amt.

15.3.10=~1



b a. Excert iuring .cw Fewer FRYSics tests, tle ot Shannel
Zac=crs definec = tihe zasis 2u a8er the following LiRmies:
Pal(S)«<(2.32) x X{(3) s N . &
" o~ e . 4 RXCE Tsrall
P - -:-—' dCda
TA(2)<4.84 x X(2) for 2 < .3 Tlowrate
-l - L> ' $8000
L~ - A -3 » \ e e
000 = (2.32) = R(2) tor P » .S
P RCS Total
$ Tlowrate
v .02 < - ei” - &
.le) < 3.06 x X(2) for P < .5 < 178000

<2 .58 x {1 » 0.2 (1-?}

wnere ? is the fraczica of FULL pcwer at wnica tile IcSfe .3

cperating, K(Z) is the functicn in Figure 15.3.10-2 and Z s

the core height loca::cﬁ of ?Q.

5. Following a cefuesling shutdown prior %o exceeding 20% of FULL
power and at effective FULL power aonthly intervals thereaicter,
power distributicn 2aps using the mOVveable incsre Jetectdr system
shall be made %o confizm that the hot channel factor li=m:cs
are satisfied. The 3easured hot channel fac=2rs shall De
increased in the following way:

(1) The measuremen:z of total peaking factar, ?%“’, shal. =e
increased by =hiree gercent =3 accsunt ISr zanulacturing
tolerances and further increased -y Iive fercent IJ account
for measurement 2rTOr.

(2) The measurement =% enthalpy rise not channel factsr, TN
shall be increased 5y four zercent =2 account ISr feasure-
;ent error.

e If a measured not channel factor exceeds the FULL power __nut
of Specificaticn 15.3..0.3.1.a, the reactor pcwer and sCwer Tance
high setroints snall ce reduced until Incse Limivy ATe WeT. B
subsecuent flux =apping canncot, within J4 tcurs, lamgnstracte thac

e ' " - - Y. - - - - -~ ey -
sne full sower ot chamnel factSr Li3it3 are JeT, tne Ivergowes




ané cvertesperature .7 TILP SeIFCLNTS sfa.. e siz_.ar.y seduced
ané reac=cr sower ..=uted such that Speciiizazicn 2.2..0.3...a3
acove s oex.

The target flux difference as definec in the Sasis snall Ze
measured at least guarterly. A targes flux i fference zéate
value shall be determined menthly Sy Jeasurement, or Iy Linear
interpolation DetwWween tie last Teasured value and 2y at end of
cyele Life (tzat is when the DoOIon concentIaticn Lt Lne IS 1ant .8
zero rpm), or Dy extrapclaticn of the last Tnree msasurecd points.
The zarzet flux difference and 1tS associated alarm seTpolints
need not be updated if the update value Ior FULL power target
flux difference is within +0.3% cf e sresenzly employed FULL
power targez flux difference value.

Except for pnysics testing, excore detecIor calibraticn (ineluding

-

recovery), or as modifled Delow, e indicated axial flux
difference shall be maintained wizhin a rance of +6 anc -3
percent of the target flux differance. ™.s .s defined as e

target sand.
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At a power level greater than 20 percent °©
indicated ax:al flux difference deviates IIcm 15 Tazgec sand,
she flux difference snall De returmed tTO Tne Targes zand
mmediately Or reactor power shall be reducec =T a .eve.l ncC
W
greater than 30 percent of FULL power.
At a power .evel nc greater than 30 percent sf FULL pewer,
(1) The indicated axzal flux differenc: may ceviac oo WS B
o =9\ targe:z zand for a maxizum oI cne nour sumilative
i any <+ ncur cericc szovided tne flux i2iilersnce “Oe€S "ot

exceed an envel.cpe counced 2y -1l fercent anc -- FeIc




TULL fower Helow 90%. 1If the cumulative tize avceeds one \

maus .o ARy 24 AouT sericd, tnen tie IRacTe scwer sha.. ce

- — wmes

recuced -mmediately 2 20 greater =han S0W FULL power and the

.

“:am =@uTreon Slux setyoint recduced =0 no greater Tman 29

e e

of FULL power.

(2) A power iLncTease T2 a level sreater =nan 0% af FULL -ower \

§ -

.8 csncingent igen = indicated axzal flux dif%erence Ceing
within its zarget zanc.

At a power level 0O greater Than 80 perzent of FULL power, \

(1) The indicated axial flux diffarence zay deviate fzcm %

rarget 2and.

2) A power:increase 3 a level greater than s08s of TULL power ‘
is csntingent upon ehe indicated axzal flux di £%grence nCT

peing cutside 1t3 zarget dand for 3I0TE =™ —40 nours (cumi_ative!)

sut of =ne preceding 24 hour pericd. Cne walf of =he xe

she indicated axial £1ux difference 1S Qut of i%s target
sand up =o 30 of FULL power 1is toO he counted as cont

so mhe one nour cumulative saxizum whe flux difference may

dgviate from LTS targec mand at a scwer level Less ==an

or equal =o 30% of FULL rower.

Alarms snall ~ormal.y e used =0 indicace ncn-conformance 4ith

che flux diZference requirement =# 15.3.10.3.2.c o e £ au

10.83.2.4(1)., IZ2 =he

A1 ffarence-t2€ requisement af 15.3.36.,

alarms are cempCrarily suz=-gf-service, Toe axaal flax 2.

shal. be noted and zanfsrmance 4150 e limacs assessec 2very Soul
éar =ne ILIST 24 =mcurs, ancé taili-ncwx.y snermaiter.

15.3.10-4
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34 IASBET I3 34YSLS3 T38T3, ~LEnAVAT L2 LNSLTATAC TLALSALT rOwerl

si.c exceeds 2V thne =i.t ssndisicn snall se elizinatec WiTinin TWC

acuzZs ST whe following aczisns shal. Se taken:

a. =Xecduce core power .evel and tnhe PoOwer Tance Iigh 2lux sespoint
=4c perczent of rated values fIcr every jpercent of ;:éz:a:cd
suadzant power Tilt.

B. 1If =he =:lt is not corrected within 24 houss, Sut The ROt channel
factars for rated Sower are not exceecec, an evaLuation as o wie
cause of the discrepancy snall Se mace and repcrtec tc e NucLear
Reculatory Commissicon. Return 0 FULL power .s permizted, praviéing |
she hot channel factors are not exceeced.

c. 1f the design hot channel factors for FULL power are exceeced of '
not determined within 24 hours, the Nuclear Reculatory Commissicn
shall be notified and the overpower 1T and cvertesperaturs AT eip ses~
points snall be reduced Dy the equivalent of 2% FULL power for every
percent of guadrant power tilt. .

4. The excore nuclear instrumentaticn system serves as the primary
quadrant power tilt alarm. I¢ whe alarm is nct func=ional fox TwWC
aours, backup methods of assuring that the guadrant power 1.t .S
acceptaple shall be used. These sethods include hand calculaticns,
incore -"hermocouples using elther a computel or manual ca.culaticns
or incore detectors.

e. Wen cne power rance channel 1S incperacle and thermal power .5
greater than 758 of TFULL power, the quadrant power tilt
shall be confirmed as acceptadble Dy use of =he movacle Lncore
detac=ors at least once per 11 hours.

-~

Incperacle Red Cluster Centrol Assemoly ROTN

: An 3C2n shall be considered .ncperac.e if one or mOre

- T~
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D.

E.

Misaligned or Dropped RCCA

RCCA

[f the rod position indicator charnel is functional and the associated
RCCA is more than 7.5 inches indicated out of alignment with its bank
and cannot be aligned when the bank is between 215 steps and 30 steps,
then unless the hot channel factors are she to be within design limits
as specified in Section 15.3.10.8-1 within eight (8) hours, power shall
be reduced to less than 75% of FULL power. When the bank position is
greater than or equal to 215 steps, or, less than or equal to 30 steps,

the allowable indicated misalignment is 15 inches.

To increase power above 75% Full power with an RCCA mo.e than 7.5 inches
indicated out of alignment with its bank when the bank position is between
215 steps and 30 steps, an analysis shall first be made to deternine the
hot channel factors and the resulting allowable power level based on
Section 15.3.10.B. When the bank position is greater chan or equal to

215 steps, or, less than or equal to 30 steps, the allowable indicated

misalignment is 15 inches.

If it is determined that the apparent misalignement or dropped RCCA indi-
cation was caused by rod position indicator channel failure, sustained

power operation may be continued if the following conditions are met:

a. For operation between 10% power and FULL power, the position of the
RCCA(s) with the failed rod position indicator channel(s) wili be
checked indirectly by core instrumentation (excore detectors, and/or
thermocouples, and/or moveable incore detectors) every shift and
after associated bank motion exceeding 24 steps in one direction.

b. For operation below 10% of FULL Power, no special monitoring is ,

required.

Drop Times

At operating temperature and full flow, the drop time of each RCCA shall
be no greater than 1.8 seconds from the loss of stationary gripper coil

voltage to dashpot entry.

15.3.10~7
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anomalies wnich would, otherwise, affect these -ases.

Axial Power Distributicn

The procedures for axial power distribution control are designed to minimizZe R
effects of xenon redistribution on the axial power distribution du:zqg loacd

ssllow maneuvers. @sically, control of flux difference is requz:ed.:o limit the
d*!tc}cnca between the current value of flux difference (iI)and a reference

value which corresponds to the FULL power equilibrium value of axial offiset |
axial offset = AI/fracticaal power) .

The FULL power target flux difference i3 defined as that indicated flux

difference of the core in the following conditicn: equilibrium xencn Qittle cz
no oscillation) and with the full-length rod control rod bank meore than 120 steps
withdrawn G.e., the normal full power positicn . values for all cther core PoOwer
levels are obtained by multiplying the FULL power value by the facticnal power. [
At zero power the target flux differance is O%. S ince the indicated eqguilibrium
value was noted, no allowances for axcore detector error are necessary and
indicated deviaticn of +6 and -9 percent AZ are permitted from the indicated
reference value. During pericds wherse axtensive lcad following is required,

it may be impractical to establish the required cores conditions for measuring

the target flux difference every menth. Por this reascn, the specification provices
three methods for updating the target £lux difference.

Serict control of the flux difference and rod positicn) is not as necessary

during reduced power cperaticn. This is because xencn distributicn sontrol at
reduced power 1S nNot as significant as the centrol at FULL pcower and allowance

has been made in predicting the heat £lux peaking facters for less strict

control at reduced power. Strict conezol of the flux difference is not possible
during certain physics tests oOr during required periodic excore cal.bra

which require larsg flux differences than germaitted. mherefore, the specifi-

-



cazicns on power distribution control are not applied during Paysics tests or
excore calibrations. This 1s acteptable due to the increased core monitoring

performed as part of the tests and low probadility of a sicnificant accident

occurring during these cperations.
In scme instances of rapid plant power reduction, automatic rod motion will

cause the flux difference to deviate from the target bancé wnen the reduced power
level is reached. This does not necessarily affect the xencn distributicn
sufficiently to change the envelope of peaking factors whnich can De reached on

a subsequent retusm to full power within the target band. However, o simplily
the specification for operaticn up to 908 of FULL power, a limitation of one

hour in any period of 24 hours is placed oncperation outside the zand. This
insures that the resulting xenon distributicns are not significantly different
from these resulting from operation within the target band.

For normal operation and anticipated transients, the core is protected Ifrom
overpower and minimum DNER of 1.30 by an automatic protecticon system. Compliance
with operazing procedures is assumec as a pre=condition; however, Sperator error
and equipment malfunctions ar® separately assumec O lead to the cause of the
transients considered.

Quadrant Tils

The excore detectsrs are scmewhat insensitive to disturbances near the core
center such as misaligned inner control rods, It is
therefore possible that a five percent tilt might actually De present in tne

core wnen the excore detectors respond with a two percent indicated guadrant
cilt. On the other hand, they are overly respensive tc disturbances near tne

perighery.



An A SeLileTate DANNEr WATIOUT uUncue FTessure on the cperating perscanel tecause
of the unusual techniques to be used to accommodate the reactivity changes
asscciated with the shutdown.

Misalogned RCCAS

The various contrcl rod banks (shutdown banks and control banks, A, B, C, and D)
are each to be moved as a bank; that is, with all rods in the bank yithin cne step
(5/8 inch) of the bank positicn. Direct informaticn on rod position indication :is
provided by two methods: A digital count of actuating pulses which shows ™t
demand pesition of the banks and a linear position indicator (ILVDPT) which indi-
cates the actual rod position. The rod pesiticn indicator channel has a demon-
strated accuracy of 5% of span (+7.2 inches). Therefore, an analysis has been
performed to show that a misalignment of 15 inches cannct cause design not channel
factors to be exceeded. A single fully misaligned RCCA, that is, an RCCA 12 feet
out of alignment with its bank, Coes not result in exceeding core limits in
steady-state operation at power levels less than or equal to rated pcwer. In
other words, a single dropped RCCA is allrwable from a core power distribution
viewpoint. If the misalignment condition cannot be readily cocrrected, the
specified riduction in power tc 75% of FULL power will insure that design margins
to core lirmits will be maintained unier both steady-state and anticipatec tran-
sient conditions. The eight (8) hour permissitle limit on roc misalignment at
rated power is short with respect to the probability of an independent accident.
Because the rod positicn indicator system xmay have a 7.5 inch error when a

misalignment of 15 inches is occurring, the Specificaticn allows only a 7.5

inch indicated misalignment. However, when the bank demand pesition is Greater

than or equal to 21S steps, or, less than or equal o 30 steps, the consequences
of a misalignment are much less severe. The different.al worth of individual

RCCA i1s less, and the resultant purturbaticn on power distributions is less
than <~hen the bank is in its high differential worth region. At the o and

bottom of the core, an indicated 1S5 inch misalignment may De representing arn

4

&S -

The failure of an LVDT in itself does not reduce the shutiown capability of the

15.3.10-1
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‘rods, zut it Sces recuce e Operator’'s capapillity for Jdeterm’iing e POSItIc

sf =haz 2 2y dizect =esans. TRe OpeTatir tas avallatle T2 N3 Tle axcore

ietecssr Tecsraings, Lncsre thermocsuple readings and periodic incore Ilux

=races for indirec=ly determining zod rosition and flux =ilts should tThe o

with %the incperable LVDT become aalpositicned. The excore and incore instrumenta-
=ion wild not necessar:ly recognize a :isal.gnment of 1S inches tecause tle
soncormitant Lacrease Ln sower density will normally Se less than 1% for a 1I nen
aisalignment. The excore and inceore instIumentacion will, howevar, detect any c=d
misalignment wnich i3 sufficient %0 cause a significant increase in ncc channel
factors and/eor any sicnificant loss in shutdown capabilitT The incseased surveil-
tance of the core if one or meors rod pesiticn indicator channels is ocut-ef-servic
serves %2 guard against any significant loss o shutdown 2Arsin oF Rargin o <ore
chermal limicts.

The history of malpositicned RCCA's indicates tiat .=n nearly all such cases, <

o7
"

malpesitioning occcurred during tank dovement. Checking rod pesiticn after Dank
zotion exceeds 24 steps will ve-ify that the RCIA with tle incperable LVET is
soving properly with it3 bank and the Dank step counter. Malpositicning of an
RCZA in a stat.cnary Sank .s very rars, and if it doces oczur, it is usually gToss
slippage wnich will Ce seen Dy axternal detsctors. Should iz go undetected, tnhe
~:me between =he rod fosition checks pericrmed every shift is short w7ith res;ect
to> =he probability of scTurTence a2f ancther inda_endent undetecTed 3ituaticn
Jnich would furthes reduce the shutdcwn capability of the rods.

Any compination of misaligned rods below 108 FULL power will not exceed tae

O
y

design lizmats. Fer <i3 reason, i= i3 neot necassary tc -neck the DOsition
~ads with iacperable LVDT's celow 1OV power: slus, the incore LnstIuzentation LS
aor affecmiva for determining rod poOsit.on antil =he scwer level .5 accve

approxaiately SW.



15.3.11 MOVARLE IN-CORE INSTRUMENTATIC

eggl;cab;l;:vz

Applies to the operability of the movable detector instrumantation system.

Cbiective:

To specify functional requiremants on the use of the in-core Lnltxu?cn tion

systems for the ~ecalibration of the excore axial off-get detecticn system.

SEgcitication:

A. A minimum of 2 thimbles per quadrant and sufficient movable in-core
detectors shall be operable during re-calibration of the excore axial
off-set detecticn system. .

B. DPower shall be limited %o 908 of FULL pows: if the calibration
requirements for excore axial off-set detaction system, identified in

Table 15.4.1-1, are not met.
Basis:

The Movable In-Core Instrumantation JYltll(l) has four drives, four detectors,
and 36 thimbles in the cors. The A and B detectors can be routed to

eighteen thimbles. The C and D detectors can be routed to twenty-seven
thimbles. Conseguantly, the full system has a great deal more capability

than would be needed for the calibraticn of the ex-core detectors.

Te calibrate the axcore detectors channels, it is only necessary that the
Movable In-Core Systam be used to detarmine the gross power digtribution
in the core as indicated by the power balance between the top and bottom

halves of the cors.

19.3.13=%



ATTACHMENT A
SAFETY EVALUATION FOR
REDUCED THERMAL DESIGN

FLOW STUDY

POINT BEACH NUCLEAR PLANT
UNIT 1



I. INTRODUCT ION AND PURPOSE

This c.fety evaluation has been performed to address the non-LOCA safety
considerations in allowing Point Beach Unit No. 1 to operate with
significant steam generator tube plugging. Tube plugging in sufficient
nunbers may result in three effects:

- Reactor coolant flow is reduced due to increased steam generator
flow resistance.

- The primary flow and steam generator heat transfer area are
reduced. Thus to maintain guaranteed steam flow, Tavg must be

increased or steam pressure reduced.

- Primary reactor coolant mass 1nvent_ory is reduced.

The impact of higher steam generator.tube plugging levels of up to 24
percent on the non-LOCA accident analyses presented in Chapter 14 of the
FOSAR has been assessed. The basic 3ppro°ach used was to identify the
important parameters for each accident, determine which of these param-
eters were affected by the higher steam generator tube plugging levels,
and then determine how the impacted parameters affected the accident
analysis. The resulting impacts were determined by either evaluating
the accident to qualitatively demonstrate that the accident is not
limiting or by reanalyzing the affected accident (if the acidenmt was
found to b2 limiting or very sensitive to the impact of higher steam
generator tube plugging levels). The evaluations were consistemt with
the following assumptions:

Maximum core thermal power, MWt 1381.8
Thermal design flow, gpm/loop 84,500
S.G. tube plugging level, percent 24
Tavg at 100 percent of maximum allowed power, °F £72.86
aT at 100 percent of maximum allowed power, °F §5.5
RCS pressure, psia 2000
F oM 1.58
Tr;oioad' °F 547

Fo maximum 2.52



ii. ~CCIDENT ANALYSIS

The impact of reduced power and flow with respect to operation at 2000
psia, on the non-LOCA accident analyses presented in the Point 3each
FSAR has been assessed. In general, all of the transients are sensitive
to initial power level, steady state primary flow, and changes in system
temperature and pressure. A study was made of each currently applicable
accident analysis to identify margins to safety limits which could be
used to offset penalties due to reduced primary flow. Reduction in
system power is a penefit in DNB calculations and more than offsets the

flow and Ta (relative to reduced power) penalties.

vg

The most recently applicable analysis used in this report is indicated
by the reference number after each title.

Uncontrolled RCCA Withdrawal From o Subcritical Condition‘l)

A control rod assembly withdrawal incident when the reactor is subcrit-
ical results in an uncontrolled addition of reactivity leading tc a
power excursion (Section 14.1.1 of the FSAR). The nuclear power
response is characterized by a very fast rise terminated by the nejative
reactivity feedback of the Doppler power coefficient. The power excur-
sion causes a heatup of the moderator. However, since the power rise is
rapid and is followed by an immediate reactor trip, the moderator temper-
ature rise is small. Thus, nuclear power response is primarily a
function of the Doppler power coefficient.

The reduction in primary coolant flow is the primary impact which
influences this accident. The reduced primary coclant flow results in a
decreased core neat transfer coefficient which ir turn resuits in a
faster fuel temperature increase than reported in the most recent analy-
sis.(l) The fast temperature increase would result in more Doppler

feedback thus reducing the nuclear power heat flux excursion, as pre-

sentad in Reference 1, which would partially compensate for the flow
reduction. Therefore, the nuclear transient is only mederata2ly sensi-
tive to the impact of steam generator tube plugging.



The most recent analysis(l) shows that for a 90 x 10'5

Ak/sec reactivity
insertion rate, the peak heat flux achieved is 76 percent of nominal. This is
conservative for the higher plugging situation for the reasons stated above.
The resultant peak fuel average temperature was 772°F. A 5 percent reduction
in flow and the associated reduction in core heat transfer coefficient would
degrade heat transfer from the fuel by a maximum 5 percent and increase the
rise in peak fuel and clad temperature by a maximum of 5 percent. Therefore,
the fuel and clad temperat ~es would be less than ~784°F and ~617°F, respec-
tively, for the present evaluation. These values are still significantly below
fuel melt (4900°F) and zirconium-HZO reaction (1800°F) limits, and the impact of
increased steam generator tube plugging, up to 24 percent would not result in a
violation of safety limits.

Uncontrolled RCCA Withdrawal at Power(z)

An uncontrolled control rod assembly withdrawal at power produces a mismatch
in steam flow and core power, resulting in an increase ir reactor coolant
temperature (Section 14.1.2 of FSAR). Reduced flows result in less margin to
ONB. Reauced thermal power results in more margin to DNB. In addition, the
reduced primary flow will increase loop transit time which could require new
values of lead/lag time constants to be determined for the overtemperature AT
set point equation. Thus to assure adequate core protection the Reactor Core
Thermal and Hydraulic Safety Limits have been recalculated consistent with the
requction in RCS flow and thermal power. The resulting overtemperature AT
protection limits were essentially unchanged. Based on the curreit overtemp-
erature AT limits, new core limits, reduced RCS flow and reduced rated power,
the accident has been reanalyzed to verify the adequacy of protection setpoints
and the lead/lag time constants.

Method of Analysis

The transient was reanalyzed employing the same digital computer code and
assumptions regarding ‘nitial conditions and instrumentaticn and setpont errors
used for the FSAR, including:



1. Power levels aqual to 102 percent, 62 percent, and 12 percent of
1381.8 MdT;

2. Average temperature 4°F above T
power level;

avg corresponding to the initial

3. Pressure (1970 psia) 30 psi below nominal;

4. Reactor trip on high nuclear flux at 118 percent of 1381.8 MWT with
trip delay of 0.5 seconds; and

5. The setpoints for the overtemperature aT reactor trip function are
those which presently appear in the Technical Specification cur-
rently for 2000 psia operation, with allowances for instrumentation
errors. " trip delay time of 2.0 seconds was used.

6. Nominal flow is 84,500 gpm/ioop.

Pe No credit is taken for the high pressurizer water level and high
pressure reactor trips.

Results

Figures 1 through 3 show the minimum ONBR as 1 function of reactivity
insertion rate for 102 percent, 62 percent and 12 percent of full power.

Conclusions

These results demonstrate that the conclusions presented in the FSAR are
still valid. That is, the core and reactor coolant system are not
adversely affectud since nuclear flux and overtemperature &7 trips pre-
vent the minimum ONB ratio from falling below 1.20 for this incident.
Thus the current setpoint 2quation and reduction in rated power Compen-

sate for the reduction in thermal design flow.



Malpositioning of the Part Length Rods (2

A malposiitiong of a part length rod accident need not be addressed since the
part length rods have been removed from the core.

Rod Cluster Control Assembly (RCCA) Drop(3)

The drop of a Control Rod Assembly results in a step decrease in reactivity which
produces a similar reduction in core power, thus reducing the coolant average
temperature. The highly negative moderator temperature coefficient (=40 pcm/°F)
assumed in the analysis results in a power increase (overshoot) above the tur-
bine power runback value causing a temporary imbalance between core power and
secondary power extraction capability. The effect of 5 percent reduction in
initial RCS flow would be a smaller reduction in coolant average temperature

and less of a power overshoct. Statepoints were evaluated consistent with a

5 percent -eduction in flow and a 9 percent reduction in power. The reduction

in power results in additional DNB margin. The resulting DNB evaluation showed
that the DNBR 1imit of 1.30 can be more than accommodated with margin in the cur-
rent cycle. The conclusions in the FSAR remain valid.

Chemical and Volume Control System Malfunction(z)

For a boron dilution incident during refueling or startup, while the reactor is
subcritical, Section 14.1.4 of the FSAR shows that the operator has sufficient
time to identify the problem and terminate the dilution before the reactor
becomes critical. Tube plugging has no effect on the analysis at refueling
conditions or cold shutdown conditions since only the reactor vessel and RHR
system volumes are considered. For a dilution during startup, the effective
volume of primary coolant in the steam generator tubes has been reduced by
~24% (~323 ft3). Thus the volume of the reactor coolant (excluding the pres-
surizers) is reduced from 5253 ft3 to 4930 ft3‘ However, the minimum dilution
time has been recalculated for refueling and startup assuming a minimum boron
concentration of 1800 ppm, as opposed to 2000 ppm assumed in the FSAR. This will

result in a shorter time to dilute to the maximum critical boron concentration of



1130 ppm at refueling and 1600 ppm at startup. The minimum time
required for the reactor to become critical at refueling and startup has
been calculated to he 74 minutes and 23.9 minutes respectively. Thus
adequate time is available for the operator to recognize and terminate
the dilution flow from refueling and startup conditions.

For dilution at power, it s necessary that the time %o lose shutdown
margin be sufficient to allow identification of the problem and termina-
tion of the dilution. As in the dilution during startup case, the RCS
volume reduction due to steam generator tube plugging must be con-
sidered. The effective reactivity addition rate is a function of the
reactor coolant temperature and boron concentration. The reactivity
insertion rate calculated is based on a conservatively high value for
the expected boron concentration at power (1400 ppm) as well as a con-
servatively high charging flow rate capacity (181.5 gpm). The reactor
is assumed to have all rods out in efther automatic or manual control.
With the reactor in manual contral and no operator action to terminate
the transient, the power and temperature rise will cause the reactor to
reach the Overtemperature iT trip setpoint resulting in a reactor trip.
After reactor trip there is at least 15.1 minutes for operatcr acticn
prior to return to criticality. The boron dilution transient in this
case is essentially the equivalent to an uncontrolled rod withdrawal at
power. The maximum reactivity insertion rate for 1 boron dilution
transient is conservatively estimated to be 1.15 pcm/sec and is within
the range of insertion rates analyzed for uncontrolled rod withdrawal at
power. Prior to reaching the Overtemperature aT reactor trip the opera-
tor will nave received an alarm on Overtemperature o7 and turbine run-
back.

With the reactor ‘n automatic control, a boron dflution will result in a
power and temperature increase such that the rod controller will attempt
to compensate by slow insertion of the control rods. This action Ly the
contraoller will result in rod insertion 1init and axial flux alarms,

The minimum time %0 lose the | percent :k/k shuldown margin required at

beginning-of-1ife would be greater than 15.1 minutes, he time wouid e



significantly longer at end-of-1ife due to the low initial bdoron concen-
tration and 2.77 percent :k/k shutdown margin.

[
Rupcure of a Steam ?ipe‘Z)

The steamline break transient is analyzed for hot zero power, end of
1ife conditions {(Section 14.2.5 of the FSAR) for the following cases:

- Hypothetical B8reak (steam pipe rupture)
Inside Containment with and without power
Outside Containment with and without power

- Credible Break (Safety valve opening)

A steamline break results in a rapid depressurization of the steam gen-
erators which causes a large reactivity insertion to the core via
primary cooldown. The acceptance criteria for this accident is that no
ONB must occur following a return to power. This limit, however, is
highly conservative since steam line break is classified 2s a Condition
IV event. As such, the occurrence of DNB in small regions of the core
(~5 percent) would not violate NRC acceptance criteria.

The impact of increased levels of steam generator tube piugging would
affect the accident principally due to the reduced flow, reduced RCS
inventory, and reduced heat transfer coefficient. These impacts would
result in changed ccoldown and feedback reactivity characteristics such
that the return to power as shown in the previous 2nalysis would be
slightly conservative with respect to the lower initial flow condi-
tions. In addition, the time of Safety Injection actuation would be
unaffected by flow conditions for the Hypothetical 8reaks. This coupled
with the slightly slower return to power would result in a reduction in

peak average power for the cases with and without power and indicate

3
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However, as this is a limiting accident with respect to available ONB
margin at reduced pressure, the limiting cases were reanalyzed and
1imiting statepoints evaluated.

Method of Analysis

Analysis methods and assumptions used in the reanalysis were consistent
with those employed in the most recent safety analysis. These assump-
tions included:

1) Minimum shutdown margin equal to 2.77 percent.

2) The most negative moderator temperature coefficient for the rodded
core at end of life.

The rod having the most reactivity stuck in its fully withdrawn

L
—

position.
3) One train of safety injection fails to functicn as designed.
Results

The minimum value of the DNBR fcor the hypothetical breaks was greater
than the 1.30 limit. Results for the credible break confirmed that the
core remained subcritical throughout the transient. Table I presents
the cora parameters for the 4 hypothetical break cases used in DN
avaluations. Figures 4 through 7 present the transient results for
those cases summarized in Table I. Figure 8 presents the transient

results for the credible break.

Conclusions

The steamline rupture accident has been shown to meet the DNB design
basis for the hypothetical breaks and remains subcritical for the ¢redi-

ble breaks for the 24 percent tube plugging.



Startup of an Inactive Rezctor Coolant Looo‘Z)

Startup of an idle reactor coolant pump results in the injection of
relatively cold water into the core. This accident need not de
addressed due to Technical Specifications restrictions which prohibit
power operation with a loop out of service. However, a brief discussion
of the impact of the new operating conditions is included. The anmalysis
in FSAR Section 14.1.5 shows that the reactor does not trip and reaches
a peak power of 21 percent full power. The lower loop flow would resul®:
in a slightly lower reactivity insertion rate, resulting in a lower peak
heat flux. Therefore results presented in the FSAR would be conserva-
tive.

Reduction in Feedwater Enthalpy Incident(Z)

The addition of excessive feedwater and inadvertent opening of the feed-
water Dypass valve are excessive heat removal incidents which result in
a power increase due to moderator feedback. Increased levels of steam
generator tube plugging would impact this analysis principally due to
the reduced flow.

Section 14.1.6 of the FSAR presents two cases. The first case assumes a
zero moderator coefficient, which is used to demonstrate inherent tran-
sient attenuation capability during a feedwater reduction. A reduction
in flow will have a negligible effect on stability since the reactivity
insertion is identical to the FSAR case due to the zero modarator tem-
perature coefficient. DONB is not a consideration for this case since
ONBR's do not fall below the steady state value. This is due to the

relatively large reduction in T The reduction in flow is more

avg’
than compensated by the reducticon in nominal power, resulting in an
increase in the initial steady state ONBR. In addition, as discussed in

the FSAR, the reactor will trip on low pressure trip.
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therefore the reactivity inserticn rate will be less than in the F3AR



analysis. The integral reactivity insertion due to moderator temperature
reduction will be less than the FSAR case, thus producing a lower peak
nuclear power. The reduction in nominal power results in a net increase
in steady state DNBR.

Protection for this accident is provided by the overpower-overtemperature AT

protection. The adequacy of this protection was verified in the rod withdrawal
at power reanalysis.

Excessive Load Increase Incident(z)

An excessive load increase incident is defined as a rapid increase in steam
generator flow that causes a power mismatch between the reactor core power
and the steam generator load demand. Four cases were analyzed in the FSAR,
Section 14.1.7. A 10 percent step load increase was analyzed for manual and
automatic contrcl, at beginning of 1ife (BOL) and end of life (EOL). As in
the Feedwater Malfunction Accident, reduced flow is the principal impact on
this accident due to increased levels of steam generator tube plugging.

The worst case results (automatic control-EOL) indicate that with no

trip actuation, steady state conditions are reached with a minimum DNBR

of > 1.30. The reduction in thermal design flow will result in a slower -
cooldown, and therefore a lower reactivity insertion rate. The integral
reactivity insertion due to moderator temperature will be less than the
FSAR case, thus producing a lower peak nuclear power. The reduction in
nominal power results in a net increase in steady state DNBR.

Protection for this accident is provided by the overpower-overtemperature bT
protection. The adequacy of this protection was verif:~d in the rod with-

drawal at power reanalysis.

Loss of Reactor Coolant Flow/Locked Rotor(z)

As demonstrated in the FSAR, Section 14.1.8, the most severe loss of

flow transient is caused by the simultaneous loss of electrical power to



both reactor coclant pumps. The reduced thermal power results in a net
increase in initial steady state ONB ratio. The increased steam jenera-
tor tube bundle resistance has an extremely small impact on the flow
coastdown during the critical first few seconds of the transient.
Therefore, the reactor trip on low reactor coolant flow will be gen-
erated at approximately the same time in the transient. With the higher
initial DNB ratio and same time to trip, a loss of flow event from these
conditions will result in more margin to the ONB 1imit. This was veri-
fiad by evaluation of the statepoints consistent with a 5 percent reduc-
tion in flow and 9 percent reduction in power. The resulting ONB
evaluation showed that the ONBR limit of 1.20 can be more than accommo-
dated with the margin in the current cycle. The conclusions in the FSAR
remain valid.

The FSAR shows that the most severe Locked Rotor Accident is an instan-
taneous seizure of a reactor coolant pump rotor at 100 percent power.
Following the incident, reactor coolant system temperature rises until
shortly after reactor trip.

The impact on the Locked Rotor Accident of increased steam generator
tube plugging will be primarily due to the reduced flow. These impacts
will not affect the time to DNB since ONB8 is conservatively assumed to
occur at the beginning of the transient. The flow coastlown in the
affected loop due to the Locked Rotor is so ripid that the time of
reactor trip (low flow setpoint is reached) is essentially identical %o

]
]

most recent analyses. The nuclear power and heat flux responses wi oe
somewhat lower due to redusced thermal power. The reduction in power
also results in reduced initial hot spot values. This wculd offset the
slight increase in fuel and clad temperatures effect of reduced flow.
Consequently, the expected peak fuel and clad temperatures would remain

the same as results of the currently applicable analysis.

It is estimated that the peak sressure will not increase above the pre-

vicus value due to reduced power, however the maximum calculatad value .
was 2778 psia based on 2250 psia cperation plus 20 psia uncartainty.

This is significantly below the pressure at which vess2l stress }imitls

» e



are exceeded. In addition, this is conservative as noted by the con-
clusions of the FSAR. The 24 percent reduction in steam generator tubes
would result in approximataiy a 8 percent reducticn in primary mass
wnich decreasss the heat capacity of the RCS by the same amount. This
would not result in higher peak temperatures or pressures since the peak
values are reached in considerably less than one loop transport time
constant.

Thus operation at reduced flow wi.1 not cause safety limits to be
excee ied for 3 locked rotor accident.

Loss of External Electrical Laad(Z)

The result of a loss of 1oad is a core power level which momentarily
exceeds the secondary system power extraction causing an increase in
core water temperature.

The impact of increased levels of steam generator tube plugging would be
again principally due to the reduced flow and the decreased RCS mass
inventory. Two cases, analyzed for both beginning and end of 1ife con-
ditions, are presented in Section 14.1.9 Jf the FSAR:

a. Reactor in automatic rcd control with operation of the pressurizer
spray and the pressurizer power operataed relief valves; and

b. Reactor in manual rod control with no credit for pressurizer spray
or power operated relief valves.

The FSAR analysis results in a peak prassurizer pressure of 2518 psia
following reactor trip. A reduction in loocp flow and RC3 mass inventory
will result in a more rapid pressure rise than is currently shown. The
effect will be minor, however, since the reactor is tripped on high
pressurizer precsure. Thus, the time to trip will be decreased wnich

will resuylt in a ‘ower total energy input to the coolant.

.



The minimum transient DNBR evaluated at reduced pressures of 2000 psia
minus 30 psia uncertainty (DNBR is more limiting at reduced pressure)
will result in a net increase due to reduced power. However, this tran-
sient is bounded by the Uncontrolled Rod Withdrawal at Power transient.

Lcss af Normal Feedwater,Station BIAckout(Z) '

This transient is analyzed to determine that the peak RCS pressure does
not exceed allowable 1imits and that the core remains covered with
water. These criteria are assured by applying the more stringent
requirement that the pressurizer must not be filled with water. The
effect of reducing initial core flow would be a larger and more r2pid
heatup of the primary system. The resulting coolant density chunge
would increase the volume of water in the pressurizer. The a alyses in FSAR
Section 14.1.10 and 14.1.11 show that the peak pressurizer vol ime
reached is 780 ft3 on an approximate 250 ft3 change in volume. This
result was due to a = 26°F change in coolant average temperature. Using
the highly conservative assumption that the average temperature would
increase 50 percent due to flow reductions, this would result in a maxi-
wum increase of less than 125 f13 in liquid volume. This is still

below the 1000 ft3 capacity of the pressurizer, thus no reanalysis is
necessary. In addition, due to the relatively long duration of the
transient following trip, the results are highly sensitive to residual
(decay) heat generation. Residual heat generation is directly propor-
tional to initial power level preceding the trip. At reduced power, the
total energy input to the system be likewise reduced.

Rupture of a Control Rod Orive Mechanism Housing, RCCA Ejection(l)

The rupture of a con:rol rod mechanism housing which allowed a control
rod assembiy to be rapidiy ejected from the core would result in a core
thermal power excursion. This power excursion would be limited by the
Doppler reactivity effect as a result of the increased fuel temperature
and would be terminated by a reactor trip activated by high nuclear
power signals.

-13-



The rod ejecticn transient is analyzed at full power and hot zerc power
for both beginning and end of 1ife conditions (Secticn 14.2.5 of the
FSAR). Reduced core flow is the primary impact resulting from increased
levels of steam generator tube plugging. This impact weuld resuit in a
reduction in heat transfer to the coolant which would increase clad and

-

fuel peak temperatures.

Reanalysis was performed using the conservative ejected rod worths and
post ejecticn peaking factors assumed in the latest analyses which are
above the calculated Point Beach reload values. Reanalysis was per-
formed to show that the increase in initial FO from 2.47 in the pre-
vious analysis to 2.52 is still acceptable.

Method of Analysis

Analysis methods and assumptions used in the reanalysis were consistent
with those employed in the most recent analysis and FSAR 14.2.6. The
calculation of the transient is performed in two stages, first an aver-
age core calculation and then a hot region calculation. The average
core is analyzed to determine the average power generation with time
including the various total core feedback effects, 1.e. Doppler reactiv-
ity and moderator density reactivity. Enthalpy and temperature tran-
sients in the hot spot are determined by addinj & multiple of the aver-
age core energy generation to the hotter rcds and performing a transient
heat-transfer calculation. The asymptotic power distribution calculated
without feedback is pessimistically assumed to persist throughout the
transient. The ONB time i3 not calculated. DNB is conservatively
assumed to occur near the start of the transient.

Results
The analysis results and inputs are summarized in Table Il. The condi-
tions at the hot spot fuel rod do not exceed the limiting fuel Cri-

. (4) - \ . o e o
:e*1a‘a : he canclusions of the FSAR, therefor2 are stil] valid.

- ihe



[IT Conclusions

To assess the effect of non-LOCA accident analyses on operation of Point
Beach Unit 1, with significant levels of steam generator tube plugging,
a safety evaluation was performed.

The transients and/or statepoints were analyzed for rod ejection, steam-
lire break, boron dilution, dropped rod and loss of flow. In addition,
an evaluation was performed to identify the effect of the reduced
operating conditions (power, flow and pressure; on tiie remaining tran-
sients and tc quantify margins available to affect penalties. Those
accidents that are sensitive to nigher operating pressures were
addressed also. Based on this evaluation, operation at these reduced
conditions and a maximum 24 percent effective steam generator tube plug-
ging level will not result in violation of safety limits for the tran-
sients evaluated at either 2000 psia or 2250 psia operation.

18
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Dutside Break With Power

Time (Sec.) 72.4  15.2

Core Inlet
Temperature (F)

Loop A 403 401
Loop B 454 451
RCS Flow 100 100
{percent of

nominal)

Heat Flux 21.8 22.9
{percent of

1381.8 Mwt)

RCS pressure 295 694

(psia)

78.4

399
448

24.2

691

8l.6

198
446

100

18.5

689

TABLE |

CORE PARAME TERS USED IN STEAM LINE BREAK DNB ANALYSIS

Outside Break Without Power

104.8 108.0
36! 357
489 489
10.1 9.8
10.4 10.5
1039 1045

111.2

355
488

9.6

1053

114.0

352
487

10.5

1061

Inside Break With Power

58.4

356
436

100

9.3

656

61.2

355
434

100

41.0

656

64.8

353
430

42.9

655

67.6

351
427

100

4.6

653

Inside Break Without Power

94.4

295
509

10.9

17.0

97.6

292
508

10.6

1020

102.4

288
07

10.2

17.3

107.2

285
507

16.9

i030



TABLE Il
SUMMARY OF RQOD ZJECTION ANALYSIS PARAMETERS AND RESULTS

a0 goL L EoL
Power Level, percent 0 102 0 : 102
Zjected rod worth, percent ap 0.91 0.34 0.95 0.42
Delayed neutron fraction, percent 0.0049 0.0049 0.0046 0.0046
Fq before rod ejection 2.52 - 2.52 -
FO after rod ejection 11.2 5.03 13.7 5.10
Number of operating pumps 1 2 i 2
Maximum fuel pellet center 3504 4543 3719 4458
temperature, °F
Maximum fuel pellet average 2095 3492 3289 3392
temperature, °F
aximum clad average temperature, °F 2440 2129 2550 2071
Fuel Pellet Melting, percent 0.0 0.0 0.0 0.0

“Maximum fuel anthalpy (btu/1bd) 231.4 266.7 248.7 257.8



Figure 1
ROD WITHDRAWAL FROM 102% POWER
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FIGURE 2
ROD WITHDRAWAL FROM 62% POWER

e v

S R -

HISH-HUCLEAR-FLUL-JRR o b

P (S —TUv——" ESS—

e aatA My

MINIMUM FEEDBACRH




MINIMUM DNBR
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FIGURE 3
ROD WITHDPAWAL FROM 12% POWER
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