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1.16 .1 Ts the k-effective calculated assuming the fully or partia
1nserte§ }ull-}ength control element assembly of highest inserted wor

DEFINITION pfully withdrawn. /\‘/\‘/,\‘/\,,z*\_,—f\—/f?

Neury e
MEMBER(S) OF THE PUBLIC

1.16 7MEMBER(S) OF THE PUBLIC shall include all persons who are not
occupationally associated with the plant. This category does not include
employees of the licensee, its contractors, or vendors. Also excluded from
this category are persons who enter the site to service equipment or to make
deliveries. This category does include persons who use portions of the site

for recreational, 6Ccupational, or other purposes not associated with the
plant. B

OFFSITE DOSE CALCULATION MANUAL (0DCM)

1.17@3The OFFSITE DOSE CALCULATION MANUAL shall contain the current methodology
and parameters used in the calculation of offsite doses due to radioactive
gaseous and liquid effluents, in the calculation of gaseous and liquid effluent
monitoring alarm/trip setpoints, and in the conduct of the environmental
radiological monitoring program.

OPERABLE - OPERABILITY

1.189 system, subsystem, train, component, or device shall be OPERABLE or

have OPERABILITY when it is capable of performing its specified function(s),

and when all necessary attendant instrumentation, controls, electrical power,
cooling or seal water, lubrication or other auxiliary equipment that are

required for the system, subsystem, train, component, or device to perform its
function(s) are also capable of performing their related support function(s). (

OPERATIONAL MODE - MODE

1.19xAn OPERATIONAL MODE (i.e. MODE) shall correspond to any one inclusive
combination of core reactivity condition, power level, and cold leg reactor
coolant temperature specified in Table 1.2.

PHYSICS TESTS

1.20°/ PHYSICS TESTS shall be those tests performed to measure the fundamenta}
nuclear characteristic: of the reactor core and related instrumentation and
(1) described in Chapter 14.0 of the FSAR, (2) authorized under the provisions
of 10 CFR 50.59, or (3) otherwise approved by the Commission.

PLANAR RADPIAL PEAKING FACTOR - ny

1.2Y2The PLANAR RADIAL PEAKING FACTOR is the ratio of the peak ‘o plane
average power density of the individual fuel rods in a given horizontal plane,
excluding the effects of azimuthal tilt.

.

PRESSURE BOUNDARY LEAKAGE

1.22'35 PRESSURE BOUNDARY LEAKAGE shall be leakage (except steam generator tube
leakage) through a nonisolable fault in a Reactor Coolant System component
body, pipe wall, or vessel wall. (S

PALO VERDE - UNIT § | : 1-4.

r



DEFINITIONS

PROCESS CONTROL PROGRAM (PCP) “

1.23’4 The PROCESS CONTROL PRO(}RAM shall contain the provisions to assure that

Properties that meet the requirements of 10 CFR Part 61 and of low level
radioactive waste disposal sites. The PCP shall identify process parameters
influencing SOLIDIFICATION such as pH, oil content, H,0 content, solids content
ratio of solidificatien agent to waste and/or necessary additives for each

type of anticipated waste, and the acceptable boundary conditions for the
process parameters shall be identified for each waste type, based on laboratory
scale and full-scale testing or experience. The PCP shall also include an
identification of conditions that must be satisfied, based on full-scale
testing, to assure that dewatering of bead resins, powdered resins, and filter
sludges will result in volumes of free water, at the time of disposal, within
the limits of 10 CFR Part 61 and of low level radioactive waste disposal

Sites.

PURGE - PURGING

1.24 <PURGE or PURGING shall be the controlled process of discharging air or
gas from a confinement to maintain temperature, pressure, humidity, concentra-
tion, or other operating condition, in such 4 manner that repiacement air or
gas is required to purify the confinement.

RATED THERMAL POWER

1.25C RATED THERMAL POWER shall be a total reactor core heat transfer rate to
the reactor coolant of 3800 Mwt.

REACTOR TRIP SYSTEM RESPONSE TIME

1.247’The REACTOR TRIP SYSTEM RESPONSE TIME shall be the time interval from
when the monitored parameter exceeds its trip setpoint at the channel sensor
until electrical power is interrupted to the CEA drive mechanism.

REPORTABLE EVENT

1.Z7Q3A REPORTABLE EVENT shall be any of those conditions specified in
Sections 50.72 and 50.73 to 10 CFR Part 50.

SHUTDOWN MARGIN

1.287 SHUTDOWN MARGIN shall be the instantaneous amount of reactivity by which
the reactor is subcritical or would be subcritical from its present condition

assuming: ¥

a. No change in part-length control element assembly position, and
b. All full-length control element assemblies (shutdown and regulating)

are fully inserted except for the single assembly of highest
reactivity worth which is assumed to be fully withdrawn.

PALO VERDE - UNIT | 1-5
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DEFINITIONS

SITE BOUNDARY

1.292:The SITE BOUNDARY shall be that line beyond which the land is neither
owned, nor leased, nor otherwise controlled by the licensee.

SOFTWARE

SOLIDIFICATION

1.3Y2 SOLIDIFICATION shall be the conversion of radiocactive wastes from liquid
systems to a homogeneous (uniformly distributed), monolithic, .immobilized
solid with definite volume and shape, bounded by a ctable surface of distinct
outline on all sides (free-standing).

SOURCE CHECK

1.323 A SOURCE CHECK shall be the qualitative assessment of channel response
when the channel sensor is exposed to a source of increased radioactivity.

STAGGERED TEST BASIS

1.@3@ A STAGGERED TEST BASIS shall consist of: (

a. A test schedule for n systems, subsystems, trains, or other
designated components obtained by dividing the specified test interval
into n equal subintervals, and

b.  The testing of one system, subsystem, train, or other designated
component at the beginning of each subinterval.

THERMAL POWER

1.345"THERMAL POWER shall be the total reactor core heat transfer rate to the
reactor coolant.

UNIDENTIFIED LEAKAGE

1.354 UNIDENTIFIED LEAKAGE shall be all leakage which does not constitute
either IDENTIFIED LEAKAGE or reactor coolant pump controlled bleed-off flow.

UNRESTRICTED AREA

area within the SITE BOUNDARY used for residential quarters or for industrial,
commercial, institutional, and/or recreational purposes.

PALO VERDE - UNIT é! | 16
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DEFINITIONS

VENTILATION EXHAUST TREATMENT SYSTEM

I.QJQSA VENTILATION EXHAUST TREATMENT SYSTEM shall be any system designed and
installed to reduce gaseous radioiodine or radiocactive material in particulate
form in effluents by passing ventilation or vent exhaust gases through charcoal

VENTING

1.38%’VENTING shall be the controlled process of discharging air or gas from a
confinement to maintain temperature, pressure, humidity, concentration, or
other operating condition, in such a manner that replacement air or gas is not
provided or required during VENTING. Vent, used in system names, does not
imply a VENTING process.

PALO VERDE - UNIT g’t : 1-7 .
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TABLE 2.2-1 (Continued)
REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT LIMITS

FUNCTIONAL UNIT TRIP SETPOINT ALLOWABLE VALUES

-

2. Logarithmic Power Leve] - High (1)

o
P
g
o
<
™m
Pl
o
m
'
c
z
—
—
™
e —_—

€.

D.

Core Protection Calculator System
3
2.
Supplementary Protection System

Pressurizer Pressure - High

a. Startup and Operating

b. Shutdown

CEA Calculators

Core Protection Calculators

RPS LOGIC

OIC\O%
< 8-798% of RATED
THERMAL POWER
0.ACY
< 9:-798% of RATED
THERMAL POWER

Not Applicable

Not Applicable

< 2409 psia

0.01i%,
< -6-895% of RATED
THERMAL POWER

0.0M% |
< B6:-895% of RATED

THERMAL POWER

Not Applicable
Not Applicable

< 2414 psia

Not Applicable

A. Matrix Logic Not Applicable

B. Initiation Logic Not Applicable Not Applicable
II1. RPS ACTUATION DEVICES

A. Reactor Trip Breakers Not Applicable Not Applicable

B. Manual Trip Not Applicable Not Applicable



(1)

(2)

(3)

(4)

(5)

TABLE 2. 2-1 (Continued)
REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT LIMITS

TABLE NOTATIONS

Trip may be manually bypassed above 10-4% of RATED THERMAL POWER; bypass
shall be automatically removed when THERMAL POWER is less than or equal
to 10-%% of RATED THERMAL POWER.

400 psi; the setpoint shall be increased automatically as pressurizer
pressure is increased until the trip setpoint is reached. Trip may be
manually bypassed below 400 psia; bypass shall be automatically removed
whenever pressurizer pressure is greater than or equal to 500 psia.

In MODES 3-4, value may be decreased manually as steam generator pressure
is reduced, provided the margin between the steam generator pressure and
this value is maintained at less than or equal to 200 psi; the setpoint
shall be increased automatically as steam generator pressure is increased
until the trip setpoint is reached.

% of the distance between steam generator upper and lower level wide
range instrument nozzles.

As stored within the Core Protection Calculator (CPC). Calculation of
the trip setpoint includes measurement, calculational and processor uncer=
tainties, and dynamic allowances. Trip may be manually bypassed below I%.10™4¢
of RATED THERMAL POWER; bypass shall be automatically removed when THERMAL
POWER is greater than or equal to g.%f RATED THERMAL POWER.

1t
The approved DNBR limit is 1.231 which includes a partial rod bow penalty
compensation. If the fuel burnup exceeds tnat for which an increased rod
bow penalty is required, the DNBR limit shall be adjusted. In this case a
DNBR trip setpoint of 1.231 is allowed provided that the difference is com-
pensated by an increase in the CPC addressable constant BERR1 as follows:

RB - RB
- 0 d (¥ POL)
BERRY pow = SERRY 4 [1 ¢+ —y55 X a(xonery J
where BERRL , 4 s the uncompensated value of BERR1; RB is the fuel rod
bow penalty in % DNBR; RB° is the fuel rod bow penalty in % DNBR already

accounted for in the DNBR limit; POL is the power operating limit; and
d (% POL)/d (% DNBR) 1is the absolute value of the most adverse derivative
of POL with respect to DNBR. ﬂ
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2EACTIVITY CONTROL SYSTEMS

( 3/4.1 REACTIVITY CONTROL SYSTEMS

3/4.1.1 BORATION CONTROL
Gl C&Fs Fecly /ASSRTEL
SHUTDOWN MARGIN - FSTqSREATER-THAN—210°F -

LIMITING CONDITION FOR OPERATION

" /.
3.1.1.1 The SHUTCOWN MARGIN shall be greater than or equal to £.0%
deita k/k.

APPLICABILITY: MODES),/,Z‘: 3% and 4’;",4410 S aw7i Al Fll  LEREC T
C€Es Fal s /aferrez=0

ACTION:

of a solution containing greater than or equal to 4000 ppm boron or equivalent
until the required SHUTDOWN MARGIN is restored.

SURVEILLANCE REQUIREMENTS

4.1.1.1.1 The SHUTDOWN MARGIN shall be determined to be greater than or equal
to 6.0% delta k/k:

/ ~Within 1 hour after detection of an inoperable CEA(s) and at least ,"‘
once~per 12 hours thereafter while the CEA(s) is inoperable. _If the
inoperable~CEA_is immovable as a result of excessive friction or
\ mechanical interference or known to be untrippable, the above re-
, quired SHUTDOWN MARGIN shall-be verified acceptable with an increased

\ allowance for the withdrawn worth of the immovable or untrippable

CEA(s). S

'b.  When ir_MODE~I’6F'MODE 2 with K ff 9reater than or equal to 1.0, .at
: Jeast~once per 12 hours by veri?yfng that CEA group withdrawal js - i

\ ~within the Transient Insergjgn_ijits“g(_§pecification 3.1.3.6. i

p —

éz‘-‘;FEF‘Yﬁ‘MODE~2_uign‘ﬁefg less than 1.0, withi rior to
achieving reactor cri IHity-by verifying that the predicted

¥—""See Special Test Exception 3.10.Y.¢

C
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SURVETLLANCE REQUIREMENTS (Continued)

(

fuel loading—by-consideration of‘fﬁi‘fﬁttors-of-Qu—belowlnyjth the
groups at the Transient Insertion Limits of Specification 3713

1EEL“‘ﬁrTUF‘tU'Tn+t+:*-uperationf;bozg_SX.RATEDTHERMAC’POVER_i?ter each
a— .5

CR &
When in MODE 3 of 4,“at least once per 24 hours by consideration of
at least the following factors:

Reactsr Coolant System boron concentration,

CEA position, 3

Reactor Coolant System average temperature,

Fuel burnup based on gross thermal energy generation,
Xenon concentration, and

Samarium concentration.

o ot o 2d 2

‘ 4.1.1.1.2 The overall core reactivity balance shall be compared to predicted

' values to demonstrate agreement within + 1.0% delta k/k at least once per

\ 31 Effective Full Power Days (EFPD). This comparison shall consider at least

\ those factors stated in Specification 4.1.1.1.1 above. The predicted
reactivity values shall be adjusted (normalized) to correspond to the actual

\ ~ ¢ore conditions prior to exceeding a fuel burnup of 60 EFPD after each fuel
. loading.

[C&{[L L‘O Land 4(1_:’ g}aﬁcﬂ 3k (=)
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REACTIVITY CONTROL SYSTEMS P
Rare) "7 CEA s THOR2mA
SHUTDOWN MARGIN "*:ETE:tESS—THAN-OR-EQUAE—T0'210°F-

LIMITING CONDITION FOR OPERATION

r—:\.l.l.z The
ta k/k.

de
Y - ; LA TECA
APPLICABILITY: MODE 5. $S€€ REVISED AATEE
r 3 eS
CTION: cidbauacllo s o

With the SHUTDOWN MARGIN less than 4.0% de) immediately initiate and
continue boration at m to the reactor coolant
system of a solution i greater than or equal to 4000 ppm boron or
equivalent unti) the required SHUTDOWN MARGIN is restored.

SURVEILLANCE REQUIREMENTS

N

4.1.1.2 The SHUTDOWN MARGIN shall be determined to be greater than or equal
to 4.0% delta k/k: p N

|

least once per 12 heurs thereafter while the CEA(s) is inoperable.

If the inoperable CEA is immovable as a result of excessive friction

or mechanical interference rippable, the above

required SHUTDOWN MARGIN shall be increased by an amount at least

equal to the withdrawn worth of the immovable or untrippable CEA(s). g
J N

& Within 1 hour after detection of an inoperable CEA(s) and at 1

At least once per 24 hours by consideration of the following
factors: by
/ \
Reactor Coolant System boron concentration, \\\\
CEA position,
Reactor Coolant System average temperature,
Fuel burnup based on gross thermal energy generation,
Xenon concentration, and
Samarium concentration.

PALO VERDE - UNIT ¢|
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hew 'Faajt
REACTIVITY CONT20L sveTrue ,

SHUTDCWN MARGIN - Kno1 = ANY CEA WITHDRAWN

LIMITING CINOITION #9% CPE2ATTIAN

3.1.1.2

8. The SHUTDOWN MARGIN shall be greater than or equal to that shown in

Fiqure 3.1-1A,~and

b. For Teo1d less than or equal to 500 ©F, KN shall be less than 0.99.

APPLICABILITY: MODES 1, 2%, 3+, 4*, and 5* with any full-length CEA fully or

partially withdrawn.

ACTION:

a. With the SHUTDOWN MARGIN less than that in Figure 3.1-1A, immediately
initiate and continue boration at greater than or equal to 26 gpm to
the reactor coolant system of a solution containing greater than or
equal to 4000 pom of boron or ecuivalent until the required SHUTDOWN

MARGIN is restored, and

b. With Tealg less than or equal to 500 OF and KN.) greater than or equal
to 0.99, immediately vary CEA positions and/or initiate and continue
boration at greater than or equal to 26 opm to the reactor coolant
system of a solution containing greater tinan or eaual to 4000 ppm of
boron or equivalent until the required Ky_y is restored.

SURVETLLANCE RI0UrasuenTs

4.1.1.2.1 With any full-length CEA fully or partially withdrawn, the SHUTDOWN MARGIN
shall be determined to be greater than or equal to that in Figure 3.1.1A:

a. within 1 hour after detaczieon ¢f an fncceran!
least once per 12 hours thereaftar while the
[f the fncceranle CZA fs immevazle as a resy!

CEA(s) ang at

C3A(s) s fneceranie.

of excessive friceien

or mechanical interferencs or kncwn ta Se untripzacle, the ancve
required SHUTOCWN MARGIN shall e fncreased 5y an asmount a: Teass
equal t3 the witharawn worsh of =ne immovacle or unirippazle CSA(s).

* See Special Test Exceptions 3.10.1 and 3.10.9.
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REACTIVITY CONTROL SYSTEMS
FLOW PATHS - OPERATING
LIMITING CONDITION FOR OPERATION

3.1.2.2 At least two of the following three boron injection flow paths shall
be OPERABLE: o PR

a. A gravity feed flow path from either the refueling water tank or the
spent fuel pool through CH-536 (RWT Gravity Feed Isolation Valve)
and a charging pump to the Reactor Coolant System,

CH-327 (RWT Gravity Feed/Safety Injection System Isolation Valve)
and a charging pump to the Reactor Coolant System,
€. A flow path from either the refueling water tank or the spent fuel
pool through CH-164 (Boric Acid Filter Bypass Valve), utilizing
gravity feed and a charging pump to the Reactor Coolant System.
APPLICABILITY: MODES 1, 2, 3, and 4.

ACTION:

With only one of the above required boron injection flow paths to the Reactor
Coolant System OPERABLE, restore at least two boron injection flow paths to the
Reactor Coolant System to OPERABLE status within 72 hours or be in at least HOT
STANDBY end—borated-to-a-SHUTDOWN~MARGIN-equiva1entmto-a£—4east—GX-dolta—k/k_-
-#L-210°Fwithin the next 6 hours; restore at least two flow paths to OPERABLE
status within the next 7 days or be in COLD SHUTDOWN within the next 30 hours.

SURVETLLANCE REQUIREMENTS

4.1.2.2.1 At least two of the above required flow paths shall be demonstrated
OPERABLE:

a. At least once per 31 days by verifying that each valve (manual,
power-operated, or auvtomatic) in the flow path that is not locked,
sealed, or otherwise secured in position, is in its correct position.

b. At least once per 18 months when the Reactor Coolant System is at
normal operating pressure by verifying that the flow path required
by Specification 3.1.2.2 delivers at least 26 gpm for 1 charging
pump «nd 68 gpm for two charging pumps to the Reactor Coolant System.

’
4.1.2.2.2 The provisions of Specification 4.0.4 are not applicable for entry into
Mode 3 or Mode 4 to pertform the surveillaace testing of Specification 4.1.2.2.b
provided the testing is performed within 24 hours after achieving normal
operating pressure in the Feicwar coolant system,
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CHARGING PUMPS - OPERATING

LIMITING CONDITION FOR CPERATION

3.1.2.4 At least two charging Pumps shall be OPERABLE.
APPLICABILITY: MODES 1, 2, 3, and 4.
ACTION: ks

- -

With only one charging pump OPERABLE, restore at least two charging pumps to
OPERABLE status within 72 hours or be in at least HOT STANDBY and-berated to-a-
»SHUIOOHN-HARGtN—tqufvaIcnt—to~at-!oast.ﬁx delta k/k at.210°F. within the next

6 hours; restore at least two charging pumps to OPERABLE status within the next
7 days or be in COLD SHUTDOWN within the next 30 hours.

SURVETLLANCE REQUIREMENTS

4.1.2.4 No additional Surveillance Requirements other than those required
by Specification 4.0.5.
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BORATED WATER SOURCES - OPERATING

LIMITING CONDITION FOR OPERATION

3.1.2.6 Each of the following borated water sources shall be OPERABLE:
a. The spent fuel nool with:
1. A minimum borated water volume as specified in Figure 3.1-2, and
2. A boron concentration of between 4000 ppm and 4400 ppm boron, and
3. A solution temperature between 60°F and 180°F.
b.  The refueling water tank with:

1. A minimum contained borated water volume as specified in
Figure 3.1-2, and

2. A boron concentration of between 4000 and 4400 ppm of boron, and
3. A solution temperature between 60°F and 120°F.

APPLICABILITY: MODES 1, 2,* 3,* and 4*.

ACTION:

a. With the above required spent fuel pool inoperable, restore the pool
to OPERABLE status within 72 hours or be in at least HOT STANDBY
within the next 6 hours

_ 5?§estoro the above required spent fuel poo
to OPERABLE status within the next 7 days or be in COLD SHUTDOWN
within the next 30 hours.

b. With the refueling water tank inoperable, restore the tank to OPERABLE
status within 1 hour or be in at least HOT STANDBY within the next
6 hours and in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.1.2.6 Each of the above required borated water sources shall be demonstrated
OPERABLE:

a. At least once per 7 days by:
1. Verifying the boron concentration in the water, and
2. Verifying the contained borated water volume of the water source.

b. At least once per 24 hours by verifying the refueling water tank
temperature when the outside air temperature is outside the 60°F to
120°F range.

€. At least once per 24 hours by verifying the spent fuel pool temperature
when irradiated fuel is present in the pool,

—
See Special Test Exception 3.10.7.
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TABLE 3.3-1 (Continued)
REACTOR PROTECTIVE INSTRUMENTATION
T TABLE NOTATIONS

*With the protective system trip breakers in the closed position, the CEA
drive system capable of CEA withdrawal, and fuel in the reactor vessel.

#The provisions of Specification 3.0.4 are not applicable.
(a) Trip may be manuaii;-bypassed above 10-4% of RATED THERMAL POWER;

bypass shall be automatically removed when THERMAL POWER is less than or
equal to 10-4% of RATED THER%AL POWER.

(b) Trip may be manually byﬁassed below 400 psia: bypass shall be
automatically removed whenever pressurizer pressure is greater than or
equal to 500 psia. -~

0%

(c) Trip may be manually bypassed below 1% of RATED THERMAL POWER:
bypass shall be automaticall removed when THERMAL POWER is greater than
or equal to ‘H gf RATED THERMAL POWER.

o™

(d) ;r{g gay be bypsgsed during testing pursuant to Special Test Exception

(e) See Special Test Exception 3.10.2.

(f) There are four channels, each of which is comprised of one of the four
reactor trip breakers, arranged in a selective two-out-of-four
configuration (i.e., one-out-of-two taken twice).

ACTION STATEMENTS

ACTION 1 =  With the number of channels OPERABLE one less than required by
the Minimum Channels OPERABLE requirement, restore the inoperable
channel to OPERABLE status within 48 hours or be in at least

HOT STANDBY within the next 6 hours and/or open the protective
system trip breakers.

ACTION 2 = With the number of chanrels OPERABLE one less than the Total
Number of Channels, STARTUP and/or POWER ‘OPERATION may continue
provided the inoperable channel is placed in the bypassed or
tripped condition within 1 hour. If the inoperable channel is
bypassed, the desirabilitg of maintaining this channel in the
bypassed condition shall be reviewed in accordance with
Specification 6.5.1.6.9. The channel shall be returned to
OgERABLE status no later than during the next COLD SHUTDOWN.
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3/4.10 SPECIAL TEST EXCEPTIONS

3/3.10.1 SHUTOOWN MARGIN Aup Ay, - €69 aoRTH TESTS

LIMITING CONDITION FOR OPERATION

A Kppey >
3.10.1 The SHUTLOWN MARGIN,requirement of Specification 3.1.1.1 may be
suspended for measurement of CEA worth and shutdown margin provided reactivity
equivalent to at least the highest estimated CEA worth is available for trip
insertion from OPERABLE. CEA(s), or the reactor is subcritical by at least the
reactivity equivalent of the highest CEA worth.

APPLICABILITY: MODES 2, 3* and 4*#.
ACTION:

a. With any full-length CEA not fully inserted and with less than the
above reactivity equivalent available for trip insertion, immedi-
ately initiate and continue boration at greater than or equal to
26 gpm of a solution containing greater than or equal to 4000 ppm
boron or its equivalent until the SHUTDOWN MARGIN“required by
Specification 3.1.1.,1’,+abrestored. RYC Ky,

With all full-length TEAs fully inserted and the reactor subcritical

by less than the above reactivity equivalent, immediately initiate and
continue boration at greater than or equal to 26 gpm of a solution
containing greater than or equal to 4000 ppm boron or its equivalent
until the SAUTDOWN MARGIN required by Specification 3.1.1.1 is restored.

SURVETLLANCE REQUIREMENTS

4.10.1.1 The position of each full-length and part-length CEA required either
partially or fully withdrawn shall be determined at least once per 2 hours.

4.10.1.2 Each CEA not fully inserted shall be demonstrated capable of ful)
insertion when tripped from at least the S0% withdrawn position within 24 hours
prior to reducing the SHUTDOWN MARGIN to less than the limits of Specification
il

4.10.1.3 When in MODE 3 or MODE 4, the reactor shall be determined to be
subcritical by at least the reactivity equivalent of the highest estimated CEA
worth or the reactivity equivalent of the highest estimated CEA worth is avail-
able for trip insertion from OPERABLE CEAs at least once per 2 hours by con-
sideration of at least the following factors:

a. Reactor Coolant System boron concentration,
CEA position,
Reactor Coolant System average temperature,
Fuel burnup based on gross thermal energy genération.
Xenon concentration, and
Samarium concentration,

.Operation in MODE 3 and MODE 4 shall be limited to 6 consecutive hours.
*Linited to Yow power PHYSICS TESTING at the 320°F plateau.
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3/4.10 SPECTAL TEST zxcs:r;ggg
!/4.10.2 SHUTTCWN MARGTN AND KN=1 - CEDMS TESTING

LIMITING conorTION FOR QpPeEzATION

3.10.9 The SHUTDOWN MARGIN requirement of Specification 3.1.1.1 and the
SHUTDONN MARGIN and KN-1 requirements of Specification 3,1.1.2 may be suspended
for pre-startup tests to demonstrate the OPERABILITY of the control element
drive mechanism System provided:

a. No more than one CEA is withdrawn at any time.

b. No CEA is withdrawn more than 7 inches.

c. The Ky.1 requirement of Specification 5.1.1.2 is met prigr to
the start of testing.

d. All other operations involving positive reactivity changes are
Suspended during the testing.

APPLICABILITY: MODES 4 and §.

ACTION: With any of the above requirements not met, suspend testing and
comply with the requirements of Specification 3.1.1.1 or J3.1.1.2, a8 applicalble.

SURVETLLANCE R€2yr2sments

eillance Requirements 4.1.1 2.1.e and 4.1.1.2.2 shall be conducted
within one hour prior to the start of testing, and at least once per 12 hours
during testing.
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< » .. _CONTROLLED BY USZR

SPECIAL TEST EXCEPTTIONS

3/4. 10.? NATURAL CIRCULATTION TESTING PROGRAM

LIMITING CONDITION FoR OPERATTON

0
3.10.9 The limitations
suspended during the per
Program* provided:

of Specifications 3.4.1.2,

3.4.1.3, and 3.7.1.5 may be
formance of the Startup Nat

ural Circulation Testing

a. Operations invalving a reduction in boron concentration of the Reactor
Coolant System are suspended. B

b. Core outlet temperature is maintained at least 10°F below Saturation
temperature.

€. A reactor coolant pump shall n

Reactar Coolant System cold
255°F during cooldow ;

water temperature (s

generator pressure) of each steam generator is less than 100°F above
each of the Reactor Coolant System

APPLICABILITY:

N or equal to

MODES 3 and 4 during Natural Circulation Testing.
ACTION:

With the Reactor Coolant
least one reactor coolant
pump.

System saturation margin less than

10°F, place at
loop in operation, with

at least one reactor coolant

SURVETLLANCE REQUIREMENTS

10

4.10.9.1 The saturation margin shall be
limits by continuous monitoring
by Table 3.3-10 or, by calculati
30 minutes.

determined to be within the above
with the saturation margin monitors required
ng the saturation margin at least once per

*Startup Natura) Circulation Testing Program: '

Natural Circulation Cooldown Test at 80% power,
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3/4.1 REACTIVITY CONTROL SYSTEMS

( BASES

3/4.1.1 BORATION CONTROL

3/4.1.1.1 and 3/4.1.1.2 SHUTDOWN MARGIN AND Ku-i
M e

A sufficient SHUTDOWN MARGIN ensures that (1) the reactor can be made L
subcritical from all operating conditions, (2) the reactivity transients b
associated with postulated accident conditions are.controllable within accept-
able limits assuming the insertion of the regulating CEAs are within the
limits of Specification 3.1.3.6, and (3) the reactor will be maintained
sufficiently suberitical to preclude inadvertent criticality in the shutdown
condition, S RESED s 2o S

-~

' et It(lﬁ_, .
| SHUTDOWN MARGIN requirements vary through ut~core life as a function of

fuel depletion, RCS boron concentration, and RCS Tcof&’ The most restrictive

1 condition occurs at EOL, with Tcold at no loqd operating temperature, and is

fassociated with a postulated steam line break accident and resulting uncon-
' trolled RCS cooldown. In the analysis-of this accident, a minimum SHUTDOWN
;HARGIN of 6.0% delta k/k is required to control the reactivity transient.

' Accordingly, the SHUTDOWN MARGIN “requirement is based upon this limiting
fcondition and is consistent with the criteria used to establish the power

(:- | dependent CEA insertioq_limits and with the assumptions used in the FSAR
l
|

Safety Analysis. .
: With T old’T:;:/:;an or equal to 210°F, the reactivity transientsvresulting

from uncontrolied RCS cooldown are minimal and a 4% Ak/k SHUTDOWN MARGIN )
requirement is set to ensure that reactivity transients resulting from an
;lpadiertent single CEA withdrawal event are minimal.

3/4.1.1.3 MODERATOR TEMPERATURE COEFFICIENT (MTC)

The Timitations on moderator temperature coefficient (MTC) are provided
to ensure that the assumptions used in the accident and transient analysis
remain valid through each fuel cycle. The surveillance requirements for
measurement of the MTC during each fue) Cycle are adequate to confirm the MTC
value since this coefficient changes slowly due Principally to the reduction

f in RCS boron concentration associated with fuel burnup. The confirmation that
\ the measured MTC value is within its 1imit provides assurances that the coef-
ficient will be maintained within acceptable values throughout each fuel
cycle.

r 4
_..——’/

Ceé(e,({/.’ Moyed o (Iba.)._qf' b 3/“1 - e
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The function of SHUTDOWN MARGIN is to ensure that the reactor remains
subcritical following a design basis accident Or anticipated operational
occurrence. The function of KN-1 15 to maintain sufficient subcriticality to
preclude inadvertent criticality following ejection of a single control element
assembly (CEA). During overation in MODES 1 and 2, with Keff greater than or
equal to 1.0, the transient insertion limits of Soecification 3.1.3.5 ensure
that sufficient SHUTOOWN MARGIN is available.

SHUTDOWN MARGIN is the amcunt by which the core is subcritical, or
would be subcritical immediately following a reacsar trie, considering a single
malfunction resulting in the highest worth CEA failing to insert. Ky-1 15 a
measure of the core's reactivity, censidering a single malfunction resulting
in the highest worth insertad CEA being ejected.

SHUTDCUN MARGIN requirements vary throughout the core life as a
function of fuel depietion and reacsar ccolant system (RCS) cold leg temoeratyre
(Teor4). The most restrictive condition occurs at EOL, with T.n14 2t no-load
operating temperature,and is asscciatad with a postulatad stean ?ine break
accident and the resulting uncontrelled RCS ccoldewn. In the analysis of this
accident, the specifiad SHUTCONN MARGIN 1s required to contral the reactivity
transient and ensyre that the fuel performance and offsite dose criteria are
satisfied. As (initial) Tcold decreases, the potential RCS cooldown and the
resulting reactivity transient are less severe and, therefore, the required
SHUTOOWN MARGIN also decreases. Eelow Tenla Of about 210 CF, the inadvertent
deboration event becomes limiting with respect to the SHUTDOWN MARGIN
requirements. Below 210 OF, the specified SHUTDOWN MARGIN ansures that
sufficient time for operator actions exists between the initial indication of
the deboration and the total Toss of shutdown margin. Accordingly, with at least
one CEA partially or fully withdrawn, the SHUTDOMH MARGIN requirements are
based upon these limiting conditions.

Additional events considered in establishing requirements on SHUTCOWN
MARGIN that are not limiting with respect to the Specification 1imiss are
single CEA withdrawal and startup of an inactive reactor ccolant pump,

KN-1 requirements vary with the amount of oositive reactivity that
would be introducad assuming the CEA with the highest inserted worth ejects from
the core. In the analvsis of the CEA ejection event, the Ky.1 requirement
énsures that the racially dveraced enthalpy acceptance criterion is satisfied
considering power redistribution effacts, Above Teq14 of 500 OF, Dopoler
reactivity feedback is sufficient to preclude the need faor 3 specific Ky,
requirement. With all CEAs fully inserted, Ky.1 and SHUTDOWN MARGIN requirements
are equivalent in terms of minimum acceptable core boran concentration.

PALY vE3ZE - uniT 3 3/4 11




3/8.1 EICTIVITY £awTI sretmue : .

3/4 1.1 30maTIoN CINTRAL  (cont.)

3/8.1.1.1 3p¢ 37811, 27 s5uTIowN Masgty AND Kn.1 (conmt.)

Other technical specifications that reference the Specifications on
SHUTCOWN MARGIN or Ky_1 are: 3/4.1.2, BORATION SYSTEMS, 3/4.1.3, M 13
CONTROL ASSEMBLIES, 3/1.9.1, REFUELING OPERATIONS- BORON CCNCENTRATION,
3/4.10.1, SHUTDOWN MARGIN AND Kn.1 - CEA WORTH TESTS, and 3/4.10.9, SHUTDOWN
MARGIN AND KN-1 = CEDMS TESTING.

32 1.1.3 MOnEIaTiz reucesytias SSITITIIINT rurey

~~~~~

e limitasicas an TCCaratir lamzaraturs csef’igians (MT2) 2re srsvigse
82 ensure sna: cme Issumsticns usag ia sme dcsizant zac STInsTant amalyvsis
remain valig SArSUgY 23¢n fuel S/ela. The survetilanecs TcLiremenss for
Tedsurament of tng MTC curing 2a¢n flel Cyele are zcesuaza %3 S3afism ome w7
value sinca shisg Csarfigians Shanges sicwly cue sringizally 22 sma FRuCeI SN
in RCS zcran Sencantriticn asscciatas ofsy ‘uel Surays, The ciafireatizn wmas

the measyres MTC value 1s withnia 5 1fait gravizas &S5Ur2ngas nas ke ssaf-
ficient will e Ta1ntaines witnia dc3zctasle valyss SAPINENIUT g22n flel
cysla.

3/8.1.1.&8 mMIuDy TIMN2E2ATUR

i

£33 CRITICALITY

This specificasian ensures that the reactsr will nes =@ mace critica) wisy
the Reactsr Cigline Systam ¢alg leg tamcarature less Shan S3239F, Thais limizacisn
s requireqd 2o ensure (1) the mecarzcar tamterature czafficiane fs witain i3
dnalyzad tamperasyre range, (2) the prasacsive fastrumentasizn g withia isg
neraal ccerating range, ane (1) %2 ensure S3nsistancy wity the 732z salazy
analysis,
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S

REACTIVITY CONTROL SYSTEMS

BASES

3/4.1.1.4 MINIMUM TEMPERATURE FOR CRITICALITY

the Reactor Coolant System cold leg temperature less than 552°F. This limitation
is required to ensure (1) the moderator temperature coefficient is within its
analyzed temperature range, (2) the protective instrumentation is within its
normal operating range,~and (3) to ensure consistency with the FSAR safety

analysis. —— . —
4 o0 e A& 4, ™
3/4.1.2 BORATION SYSTEMS ) 0dded o 0&% :7:/:?- [‘5:12

The boron injection system ensures that negative reactivity contro) is
available during each mode of facility operation. The components required to
perform this function include (1) borated water sources, (2) charging pumps,
(3) separate flow paths, (4) an emergency power supply from OPERABLE diesel
generators, and (5) the volume control tank (VCT) outlet valve CH-uv-501,
capable of isolating the VCT from the charging pump suction line. The nominal
capacity of each charging pump is 44 gpm at its discharge. Up to 16 gpm of

redundant boron injection systems are provided to ensure single functional
capability in the event an assumed failure renders one of the systems inoper-
able. Allowable out-of-service periods ensure that minor component repair or
corrective action may be completed without undue risk to overgll facility

f from injection system failures during the repair eriod.
“';}Zd :fsfz‘}’r /s c;d»'zecc' o~ /’rfbi/'orvt‘-g&pr&af/gvu é%iw CRLRT TO 4

Iho_bo:ation_capability.otﬂeixhar.system.is.sufficient to provide a—_

SHUTDOWN MARGIN Eromexpecte perating-conditions-of 4% delta k/k after xenon
decay and cooldown to 210°F A’ The maximum expected boration Capability require-
ment occurs at EOL from full/power equilibrium xenon conditions and requires
23,800 gallons of 4000 Ppm borated water from either the refueling water tank

or the spent fuel pool. .‘/:r; 1 (See Aext ps)

With the RCS temperature below 210°F one injection system is acceptable
without single failure consideration on the basis of the stable reactivity

ALTERATIONS and positive reactivity changes in the event the single injection
system becomes inoperable. The restrictions of one and only one operable
charging pump whenever reactor coolant level is below the battom of the pressur-
izer is based on the assumptions used in the analysis of the boron dilution
'::Efiuz n‘**?%\ ¢
4\-¥he-boronwcapabilityvrequired below 210°F.is based upon providing a 4%
deita-k/k-SHUTDOWN MARGIN -after xenon decay and cooldown from 210°F to 120°F.
This condition requires 9,700 gallons of 4000 ppm borated water from either
the refueling water tank or the spent fuel pool.
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3/4.10 SPECIAL TEST EXCEPTIONS

BASES

3/4.10.6 SAFETY INJECTION TANKS

This special test exception permits testing the low pressure safety
injection system check valves. The pressure in the injection header must be
reduced below the head of the low pressure injection pump in order to get flow
through the check valves. The safety injection tank (SIT) isolation valve
must be closed in order to accomplish this. The SIT isolation valve is still
capable of automatic operation in the event of an SIAS; therefore, system
capability should not be affected.

3/4.10.7 SPENT FUEL POOL LEVEL

This special test exception permits loading of the initial core with the
spent fuel pool dry.

3/4.10.8 SAFETY INJECTION TANK PRESSURE

This special test exception allows the performance of PHYSICS TESTS at
low pressure/low temperature (600 psig, 320°F) conditions which are required
to verify the low temperature pPhysics predictions and to ensure the adequacy
of design codes for reduced temperature conditions.
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1.16 :H' is the k-effective calculated assuming the fully or partial’

insert ull-tength control element assemdly of highest inserted wortt
DEFINITIONSP FuT1Y withdrawn. o mastiir s
in e ‘:
MEMBER(S) OF THE PUBLIC

1.16 7MEMBER(S) OF THE PUBLIC shall include all persons who are not
occupationally associated with the plant. This category does not include
employees of the licensee, its contractors, or vendors. Also excluded from
this category are persons who enter the site to service equipment or to make
deliveries. This category does include persons who use portions of the site
f?r recreational, occupational, or other purposes not associated with the
plant.

- -

OFFSITE DOSE CALCULATION MANUAL (0DCM)

1.172 The OFFSITE DOSE CALCULATION MANUAL shall contain the current methodology
and parameters used in the calculation of offsite doses due to radioactive
gaseous and liquid effluents, in the calculation of gaseous and liquid effluent
monitoring alarm/trip setpoints, and in the conduct of the environmental
radiological monitoring program.

OPERABLE - OPERABILITY

1.187A system, subsystem, train, component, or device shall be OPERABLE or

have OPERABILITY when it is Capable of performing its specified function(s),

and when all necessary attendant instrumentation, controls, electrical power,
cooling or seal water, lubrication or other auxiliary equipment that are

required for the system, subsystem, train, component, or device to perform its
function(s) are also capable of performing their related support function(s). (:

OPERATIONAL MODE - MODE

1.19_:An OPERATIONAL MODE (i.e. MODE) shall correspond to any one inclusive
combination of core reactivity condition, power level, and cold leg reactor
coolant temperature specified in Table % A

PHYSICS TESTS

1.20°/ PHYSICS TESTS shall be those tests performed to measure the fundamental
nuclear characteristics of the reactor core and related instrumentation and
(1) described in Chapter 14.0 of the FSAR, (2) authorized under the provisions
of 10 CFR 50.59, or (3) otherwise approved by the Commission.

PLANAR RADIAL PEAKING FACTOR = ny

1.2 2The PLANAR RADIAL PEAKING FACTOR is the ratio of the peak to plane
average power density of the individual fuel rods in a given horizontal plane,
excluding the effects of azimuthal tilt.

PRESSURE BOUNDARY LEAKAGE

1.22 5 PRESSURE BOUNDARY LEAKAGE shall be leakage (except steam generator tube
leakage) through a nonisolable fault in a Reactor Coolant System component
body, pipe wall, or vessel wall. <EE
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DEFINITIONS

PROCESS CONTROL PROGRAM (PCP)

1.239 The PROCESS CONTROL PROGRAM shall contain the provisions to assure that
the SOLIDIFICATION of wet radioactive wastes results in a waste form with
properties that meet the requirements of 10 CFR Part 61 and of low Tevel
radioactive waste disposal sites. The PCP shall identify process parameters
influencing SOLIDIFICATIUN such as PH, 0il content, H,0 content, solids content,
ratio of solidification agent to waste and/or necessary additives for each

type of anticipated waste, and the acceptable boundary conditions for the
process parameters shall be identified for each waste type, based on laboratory
scale and full-scale testing or experience. The PCP shall also include an
identification of conditions that must be satisfied, based on full-scale
testing, to assure that dewatering of bead resins, powdered resins, and filter
sludges will result in volumes of free water, at the time of disposal, within
the limits of 10 CFR Part 61 and of low level radioactive waste disposal

sites.

PURGE - PURGING

1.24 5"PURGE or PURGING shall be the controlled process of discharging air or
gas' rom a confinement to maintain temperature, pressure, humidity, concentra-
tion, or other operating condition, in such a manner that replacement air or
gas is required to purify the confinement.

RATED THERMAL POWER

1.25C RATED THERMAL POWER shall be a total reactor core heat transfer rate to
the reactor coolant of 3800 Mwt.

REACTOR TRIP SYSTEM RESPONSE TIME

1.2‘7’The REACTOR TRIP SYSTEM RESPONSE TIME shall be the time interval from
when the monitored parameter exceeds its trip setpoint at the channel sensor
until electrical power is interrupted to the CEA drive mechanism.

REPORTABLE EVENT

1.27€A REPORTABLE EVENT shall be any of those conditions specified in
Sections 50.72 and 50.73 to 10 CFR Part 50.

SHUTDOWN MARGIN

1.287 SHUTDOWN MARGIN shall be the instantaneous amount of reactivity by which
the reactor is subcritical or would be subcritical from its present condition

assuming:

a. No change in part-length control element assembly position, and
b. All full-length control element assemblies (shutdown and regulating)

are fully inserted except for the single assembly of highest
reactivity worth which is assumed to be fully withdrawn.

PALO VERDE - UNIT 2 1-5
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DEFINITIONS

SITE_BOUNDARY (

1529;$Thc SITE BOUNDARY shall be that line beyond which the land is neither
owned, nor leased, nor otherwise centrolled by the licensee.

SOFTWARE

1.30°/ The digital computer SOFTWARE for the reactor protection system shall be
the program codes including their associated data, documentation, and procedures.

SOLIDIFICATION

1.3Y2 SOLIDIFICATION shall be the conversion of radicactive wastes from liquid
systems to a homogeneous (uniformly distributed), monolithic, . immobilized
solid with definite volume and shape, bounded by a stable surface of distinct
outline on all sides (free-standing).

SOURCE CHECK

1.3Z3 A SOURCE CHECK shall be the qualitative assessment of channel response
when the channel sensor is exposed to a source of increased radioactivity.

STAGGERED TEST BASIS

1.33@ A STAGGERED TEST BASIS shall consist of: <:
a. A test schedule for n systems, subsystems, trains, or other
designated components obtained by dividing the specified test interval
into n equal subintervals, and

b. The testing of one system, subsystem, train, or other designated
component at the beginning of each subinterval,

THERMAL POWER

1. 345 THERMAL POWER shall be the total reactor core heat transfer rate to the
reactor coolant.

UNIDENTIFIED LEAKAGE

I.JSQ,UNIDENTIFIED LEAKAGE shall be all leakage which does not constitute
either IDENTIFIED LEAKAGE or reactor coolant pump controlled bleed-off flow.

UNRESTRICTED AREA

1.36"7An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY
access to which is not controlled by the licensee for purposes of protection
of individuals from exposure to radiation and radiocactive materials, or any
area within the SITE BOUNDARY used for residential quarters or for industrial,
commercial, institutional, and/or recreational purposes.

PALO VERDE - UNIT 2 1-6
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DEFINITIONS

VENTTLATION EXHAUST TREATMENT SYSTEM

1.3]’3 A VENTILATION EXHAUST TREATMENT SYSTEM shall be any system designed and
installed to reduce gaseous radiciodine or radioactive material in particulate
form in effluents by passing ventilation or vent exhaust gases through charcoal
adsorbers and/or HEPA filters for the purpose of removing iodines or partic-
ulates from the gaseous exhaust stream prior to the release to the environment.
Such a system is not considered to have any effect on noble gas effluents.
Engineered Safety Feature (ESF) atmospheric cleanup systems are not considered
to be VENTILATION EXHAUST TREATMENT SYSTEM components.

VENTING

1.387 VENTING shall be the controlled process of discharging air or gas from a
confinement to maintain temperature, pressure, humidity, concentration, or
other operating condition, in such a manner that replacement air or gas is not
provided or required during VENTING. Vent, used in system names, does not
imply a VENTING process.

PALO VERDE - UNIT 2 7 .
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. A1

I1.

II1.

FUNCTIONAL UNIT

2. Llogarithmic Power Level - High (1)
a. Startup and Operating

b. Shutdown

C. Core Protection Calculator System
1. CEA Calculators
2. Core Protection Calculators
D. Supplementary Protection System

Pressurizer Pressure - High

RPS LOGIC
A. Matrix Logic

8. Initiation Logic
RPS ACTUATION DEVICES

A. Reactor Trip Breakers

B. Manual Trip

TABLE 2.2-1 (Continued)
REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT LIMITS

TRIP SETPOINT

O,c0%
< 8-798% of RATED
THERMAL POWER
0.A0%
< €-798% of RATED
THERMAL POWER

Not Applicable
Not Applicable

< 2409 psia

Not Applicable
Not Applicable

Not Applicable
Not Applicable

ALLOWABLE VALUES

o.o1l
< &aos}of RATED

THERMAL POWER

o0.0u%
< 8-895% of RATED

THERMAL POWER

Not Applicable
Not Applicable

< 2414 psia

Not Applicable
Not Applicable

Not Applicable
Not Applicable



TABLE 2.2-1 (Continued)
( ; REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT LIMITS

TABLE NOTATIONS

(1) Trip may be manually bypassed above 10-4% of RATED THERMAL POWER; bypass
shall be automatically removed when THERMAL POWER is less than or equal
to 10-*% of RATED THERMAL POWER.

(2) 1In MODES 3-4, value may be decreased manually, to a minimum of 100 psia,
as pressurizer pressure is reduced, provided the margin between the pres-
surizer pressure and this value is maintained at less than or equal to
400 psi; the setpoint shall be increased automatically as pressurizer
pressure is increased until the trip setpoint is reached. Trip may be
manually bypassed below 400 psia; bypass shall be automatically removed
whenever pressurizer pressure is greater than or equal to 500 psia.

(3) 1In MODES 3-4, value may be decreased manually as steam generator pre;sure
is reduced, provided the margin between the steam generator pressure and
this value is maintained at less than or equal to 200 psi; the setpoint
shall be increased automatically as steam generator pressure is increased
until the trip setpoint is reached.

(4) X of the distance between steam generator upper and lower level wide
( range instrument nozzles.

(5) As stored within the Core Protection Calculator (CPC). Calculation of
the trip setpoint includes measurement, calculational and processor uncer- %
tainties, and dynamic allowances. Trip may be manually bypassed below I%I0™4Y
of RATED THERMAL POWER; bypass shall be automatically removed when THERMAL
POWER is greater than or equal to Ix.%f RATED THERMAL POWER.

1~

The approved ONBR 1imit is 1.231 which includes a partial rod bow penalty
compensation. If the fuel burnup exceeds that for which an increased rod
bow penalty is required, the DNBR limit shall be adjusted. In this case a
ONBR trip setpoint of 1.231 is allowed provided that the difference is com-
pensated by an increase in the CPC addressable constant BERR1 as follows:

RB - RB
0 d (¥ POL)
aERRanV = BERRlold [1+ - s 3 NBR) ]
where BERRIO,d is the uncompensated value of BERRL; RB is the fuel rod
bow penalty in ¥ DNBR; Rao is the fuel rod bow penalty in % DNBR already

accounted for in the DNBR limit; POL is the power operating limit; and
d (% POL)/d (% DNBR) 1is the absolute value of the most adverse derivative
of POL with respect to DNBR. ‘
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REACTIVITY CONTROL SYS
/8.1 REACTIVITY CONTROL SYSTEMS

3/4.1.1 BORATION CONTROL
Gl Cls FLcky” /MSERTEL
SHUTDOWN MARGIN - P Ta-GREATER-FHAN-210°F -

LIMITING CONDITION FOR OPERATION

‘ &,
3.1.1.1 The SHUTDOWN MARGIN shall be greater than or equal to §.0%
delta k/k.

APPLICABILITY: MODES X247 3%-and 4% w0 S anzty Ace Fine - i 7w
ACTION: CcEA S el /mf’&'b

/
With the SHUTDOWN MARGIN less thanlﬂfoz delta k/k, immediately initiate and
continue boration at greater than or equal to 26 gpm to reactor coolant system
of a solution containing greater than or equal to 4000 ppm boron or equivalent
until the required SHUTDOWN MARGIN is restored.

SURVEILLANCE REQUIREMENTS

4.1.1.1.1 The SHUTDOWN MARGIN shall be determined to be greater than or equal
to §.0% delta k/k:

/r1n;;;!jth1n 1 hour after detection of an inoperable CEA(s) and at least
once-per 12 hours thereafter while the CEA(s) is inoperable. Af the
fnoperable~CEA_is immovable as a result of excessive friction or
mechanical interference or known to be untrippable, the above re-
Quired SHUTOOWN MARGIN shall-be verified acceptahle with an increased
allowance for the withdrawn worth of the_immovable or untrippable
CEA(s). g
,/
‘b, When in MODE-I"0r MODE 2 with K f¢ Greater than or equal to 1.0, .at
! least-once per 12 hours by vcri,yfng that CEA group withdrawal §s -

L=__within the Transient Insergiqn_leits~g(~§g:cif1cation 3.1.3.6.

E K less than 1.0, within 4 heurs prior to
achieving reactor cr ‘ er1fyihg that the predicted
critical CEA within the TTffts-of Specification 3.1.3.6.

r \\

¥""See Special Test Exception 3.10. .9

PALO VERDE - UNIT g\ ‘ /4 1-1
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SURVEILLANCE REQUIREMENTS (Continued)

T PrTOr-tu-tnittat-operation_above 5X_RATED THERMAL POWER after each
zggl_Jpanino;-by-cunsi&i?htion of the factors-of-e.-below, with the
L= &/ groups at the Transient Insertion Limits of Specification 371:3.

- —

oR &
@ P When in MODE 3 of 4 Aat least once per 24 hours by consideration of
at least the following factors:

- Reactor Coolant System boron concentration,
CEA position, a
Reactor Coolant System average temperature,

Fuel burnup based on gross thermal energy generation,
Xenon concentration, and

Samarium concentration.

e

4.1.1.1.2 The overall core reactivity balance shall be compared to predicted
[ values to demonstrate agreement within + 1.0% delta k/k at least once per
\ 31 Effective Full Power Days (EFPD). This comparison shall consider at least
\ those factors stated in Specification 4.1.1.1.1.  above. The predicted
\ reactivity values shall be adjusted (normalized) to correspond to the actual
\\ core conditinns prior to exceeding a fuel burnup of 60 EFPD after each fuel

=X s

add b end db P 3k (-~
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REACTIVITY CONTROL SYSTEMS
SHUTDOWN MARGIN - > ESS-THAN-OR - EQUAL-TO -210°F-

LIMITING CONDITION FOR OPERATION

[—té;%iz':/kTh. SHUTDOWN MARGIN shall be greater than or equal to 4.0!}
mhumm: MODE 5. $¢E REVISED WATEES
ACTION: e o o
With the SHUTDOWN MARGIN less than 4.0% delta k/k, immediately initiate and

| continue boration at greater than or equal to 26 gpm to the reactor coolant
- system of a solution containing greater than or equal to 4000 ppm boron or
equivalent until the required SHUTDOWN MARGIN is restored.

N\

b

.
\

SURVEILLANCE REQUIREMENTS

¥
( 4.1.1.2 The SHUTDOWN MARGIN shall be determined to be greater than or equal
to 4.0% delta k/k: ) ‘

a. Within 1 hour after detection of an inoperable CEA(s) and at
least once per 12 hours thereafter while the CEA(s) is inoperable.
If the inoperable CEA is immovable as a result of excessive friction
or mechanical interference or known to be untrippable, the above
required SHUTDOWN MARGIN shall be increased by an amount at least
equal to the withdrawn worth of the immovable or untrippable CEA(s).

' b. At least once per 24 hours by consideration of the following
factors: ‘

| F N\

' Reactor Coolant System boron concentration, \
CEA position, Y
Reactor Coolant System average temperature, '
Fuel burnup based on gross thermal energy generation,
Xenon concentration, and

Samarium concentration,

OUOU.NH
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ACTIVITY CONT! ¥ST

‘!ﬂ:ﬂi!ﬁ MARGIN - Ku 1 = ANY CEA WITHDRAWN
LIMITING CINOITION £08 gpesarraw

3.3.3.2

8. The SHUTDOWN MARGIN shall be greater than or equal to that shown in
Figure 3.1-1A, and

b. For Teo1q less than or equal to 500 oF, KN-1 shall be less than 0.99.

APPLICABILITY: MODES 1, 2%, 3+, 4+, and 5* with any full-length CEA fully or
partially withdrawn.

ACTION:
a

With the SHUTDOWN MARGIN less than that in Figure 3.1-1A, immediately
fnitiate and continue boration at greater than or equal to 26 gqpm to
the reactor coolant system of a solution containing greater than or
equal to 4000 ppm of boron or equivalent until the required SHUTDOWN
MARGIN 1s restored, and

b. With Ten14 Tess than or eaqual to 500 Of and KnN.) greater than or equal
to 0.98. 9mmediately vary CEA positions and/or initiate and continue
boration at greater than or ecual to 26 opm to the reactor coolant
system of a solution containing greater than or eaual to 4000 ppm of
boron or equivalent until the reauired KN.y 1S restored.

SURVEILLANCE R23uraguents

4.1.1.2.1 With any full-length CEA fully or partially withdrawn, the SHUTDOWN MARGIN
shall be determined to be greater than or equal to that in Figure 3.1.1A:

d&.  Within 1 heur after cetacsicn of an fneceracie CEA(s) ang at
least once per 12 nours thersaftar while the C2A(s) {s {noperanle.
If the fneceranle CZA fs immovasie as d result of excessive frizeicn
er mechanical {nterference or known to Be untripoatle, the atcve
required SHUTOCWN MARGIN shall Be fncrsased Sy an amount at leass
equal t3 the witharawn worsh af the immevacle or unirippasle CEA(s).

* See Special Test Exceptions 3.10.1 and 3.10.9.
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SHUTDOWN MARGIN (X DELTA K/K)
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When fn MOCE 1 or MOOE 2 with K se STRATEF tR2N or ecual %2 1.0, a2
Teass onca zer 12 neuss Sy veriTying shat C2A greus wismarawal i
within the Transient insersizn Limiss of Specificasien 3.1.3.8.

When in MCCE 2 with X_,, Tess tnan 1.0, witatn 4 neurs srigr %2
achieving reacize srilizalisy vy verifying tnat the zrecictag
eritical C2A zesisisn fs within the limiss of Specificasisn 3.1.2.8.

Pricr t2 inftia! coerasisn azove $% RATED THERMAL PCWER aftar sacs
fuel loaging, oy csnsiceraticn of the faciars of e. Selcw, with e
EA greuss at the Transient Insertisn Limiss of Specificasian 3.1.3.6.

when fa MCOE 3, 4, or § at least once ner 24 hours by censideration of
4t Teast tha f3llowing facsars:

Reactsr Caslant $ystam scr2n ssngansraticn,

CEA sesicien,

Reactsr Cicians Syssam dverage tamseratyre,

Fual Burmus saseac 2n $T83 tlermal energy gemerazicn
Xenen gsncantriticn, ane

Samarium gancantrasisn,

’

When fn IMOCE 3, 4, or §, with any full-length CEA fully or partially
withdrawn, and Tepld 1ess than or equal to 500 9, Ky-1 shall be
detarmined to be less than 0.99 at least once per 24 nours by
consideration of at leass the follewina factors:

Reactzr Caelans Systam ssren ssngentraticn,

CEA sesisicn,

Reacisr Cz2lans Systam average tamsericire,

Fuel suraus zasec 2n §TTss Wermal enerqyy stneratiza,
Xensn gancensratiza, ane

Samariua ssmceantrasiza,

4.1.1.2.3 The overa!! cars "eactivity balance small ne ceme
values 2 cemensiraza dgreement witafa « 1,.0% cels2 k/k
31 Effacsive Pull Power Qays (2720). THRis csmzarisen sh
these faciars statad in Scectficasia edicted
reactivity values snall se acjus 22) %2 esrmesagns ta the aesial

€ere canaitions pricr %2 excaesing a fuel Surug of 50 270 aftar gacs fuel
leacing,

ared 3 gregicsas
a% Tedst cnce ser
all csnsicer g+ Teass
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REACTIVITY CONTROL SYSTEMS

FLOW PATHS - OPERATING (
LIMITING CONDITION FOR OPERATION

3.1.2.2 At least two of the following three boron injection flow paths shall
be OPERABLE:

a. A gravity feed flow path from either the rofuolin? water tank or the
spent fuel pool through CH-536 (RWT Gravity Feed Isolation Valve)
and a charging pump to the Reactor Coolant System,

n A gravlt{w;oﬁd flow path from the rQIUQling water tank through
CH=327 ( Gravity Feed/Safety Injection ystem Isolation Valve)
and a charging pump to the Reactor Coolant System,

€. A flow path from either the refueling water tank or the spent fuel
pool through CH-164 (Boric Acid Filter Bypass Valve), utilizing
gravity feed and a charging pump to the Reactor Coolant System.

APPLICABILITY: MODES 1, 2, 3, and 4.

ACTION:

Coolant System OPERABLE, restore at least two boron injection flow paths to the
Reactor Coolant System to OPERABLE status within 72 hours or be in at least HOT
STANDBY and-borntod-to~a-SHUTDOHN~HARGIN—oqu$valont—&o—ot—4o¢st—é!-dcl&o~k/k—
aL-210°F-within the next 6 hours; restore at least two flow paths to OPERABLE
status within the next 7 days or be in COLD SHUTDOWN within the next 30 hours.

With only one of the above required boron injection flow paths to the Reactor <:

SURVEILLANCE REQUIREMENTS

4.1.2.2.1 At least two of the above required flow paths shall be demonstrated
OPERABLE:

a. At least once ,er 31 days by verifying that eicch valve (manual,
power=operated, or automatic) in the flow path that is not locked,
sealed, or otherwise secured in position, is in its correct position,

b. At ieast once per 18 months when the Reactor Coolant System is at
normal operating pressure by verifying that the flow path required
by Specification 3.1.2.2 delivers at least 26 gpm for 1 charging
pump and 68 gpm for two charging pumps to the Reactor Coolant System.

4.1.2.2.2 The provisions of Specification 4.0.4 are not applicable for entry into
Mode 3 or Mode 4 to perform the surveillance testing of Specification 4.1.2.2.b

provided the testing is performed within 24 hours after achieving normal
operating pressure in the reactar coolant system,

PALO VERDE - UNIT 2 3/4 1-8
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RGING PUMPS - OPERATING

LIMITING CONDITION FOR OPERATION

3.1.2.4 At least two charging pumps shall be OPERABLE.

APPLICABILITY: MODES 1, 2, 3, and 4.

With only one charging pump OPERABLE, restore at least two charging pumps to
OPERABLE status within 72 hours or be in at least WOT STANDBY ted to-
-SNUIDOUN-HARGlN-oqcfvalont-to-at-loast.sz delta k/k at. 210°F. within the next
6 hours; restore at least two charging pumps to OPERABLE status within the next
7 days or be in COLD SHUTDOWN within the next 30 hours.

SURVEILLANCE REQUIREMENTS

4.1.2.4 No additional Surveillance Requirements other than those required
by Specification 4.0.5.
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BORATED WATER SOURCES - OPERATING
LIMITING CONDITION FOR OPERATION

3.1.2.6 Each of the following borated water sources shall be OPERABLE:
a. The spent fuel pool with:
1. A minimum borated water volume as specified in Figure 3.1-2, and
2. A boron concentration of between 4000 ppm and 4400 ppm boron, and
3. A solution temperature between 60°F and 180°F,
b. The refueling water tank with:

1. A minimum contained borated water volume as specified in
Figure 3.1-2, and

2. A boron concentration of between 4000 and 4400 ppm of boron, and
3 A solution temperature between 60°F and 120°F,

APPLICABILITY: MODES 1, 2,* 3,* and 4*,
ACTION:

a. With the above required spent fuel pool inoperable, restore the pool
to OPERABLE status within 72 hours or be in at least HOT STANDBY

within the next 6 hours and-bore
(: yprestore the above required spent fuel poo.

to OPERABLE status within the next 7 days or be in COLD SHUTDOWN
within the next 30 hours.

b.  With the refueling water tank inoperable, restore the tank to OPERABLE
status within 1 hour or be in at least HOT STANDBY within the next
6 hours and in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.1.2.6 Each of the above required borated water sources shall be demonstrated
OPERABLE:

a. At least once per 7 days by:
1. Verifying the boron concentration in the water, and
2. Verifying the contained borated water volume of the water source,

b. At least once per 24 hours by verifying the refueling water tank
temperature when the outside afr temperature fs outside the 60°F to
120°F range.

€. At least once per 24 hours by verifying the spent fuel pool temperature
when irradiated fuel is present in the pool.

-
( See Special Test Exception 3..0.7.
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TABLE 3.3-1 ‘Continuod)

REACTOR PROTECTIVE INSTRUMENTATION

% domicTE TABLE NOTATIONS

*With the protective system trip breakers in the closed position, the CEA
drive system capable of CEA withdrawal, and fuel in the reactor vessel.

#The provisions of Specification 3.0.4 are not applicable.

(a) Trip may be nanuaTT; bypassed above 10-4% of RATED THERMAL POWER;

bypass shall be lulOHOth11A‘Artlovtd when THERMAL POWER is less than or
equal to 10-*% of RATED THERMAL POWER.

(b) Trip mc¥ be manually bypassed below 400 psia: bypass shall be
automatically removed whenever pressurizer pressure is greater than or
equal to 500 psia. oy

[} .

(c) Trip may be manually bypassed below IX of RATED THERMAL POWER;
bypass shall be automatically removed when THERMAL POWER is greater than
or equal to ‘g {f RATED THERMAL POWER.

(d) ;rig gay be bypassed during testing pursuant to Special Test Exception

(e) See Special Test Exception 3.10.2.

(f) There are four channels, each of which is comprised of one of the four
reactor trip breakers, arranged in a selective two-out=of=four
configuration (i.e., one-out-of-two taken twice).

ACTION STATEMENTS

ACTION 1 = With the number of channels OPERABLE one less than required by
the Minimum Channels OPERABLE requirement, restore the inoperable
channel to OPERABLE status within 48 hours or be in at least
HOT STANDBY within the next 6 hours and/or open the protective
system trip breakers,

ACTION 2 = With the number of channels OPERABLE one less than the Total
Number of Channels, STARTUP and/or POWER OPERATION may continue
provided the inoperable channel is placed in the bypassed or
tripped condition within 1 hour. If the fnoperable channel is
bypassed, the dnsirabilitg of maintaining this channel in the
bypassed condition shall be reviewed in accordance with
Specification 6.5.1,6.g. The channel shall be returned to
OgERABLE status no later than during the next COLD SHUTDOWN.

PALO VERDE = UNIT 2 3/4 35
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4.10 SPECIAL TEST EXCEPTIONS

3/4.10.1 SHUTDOWN MARGIN e0 Ky~ * €@ MORTH TESTS
LIMITING CONDITION FOR OPERATION

N Kgpey ?
3.10.1 The SHUTUOWN MARGIN,requirement of Specification 3.1.1.1 may be
suspended for measurement of CEA worth and shutdown margin provided reactivity
equivalent to at least the highest estimated CEA worth is available for trip
insertion from OPERABLE CEA(s), or the reactor is subcritical by at least the

reactivity equivalent of the highest CEA worth.

APPLICABILITY: MODES 2, 3* and 4*#.
ACTION:

a. With any full-length CEA not fully inserted and with less than the
above reactivity equivalent available for trip insertion, immedi=
ately initiate and continue boration at greater than or equal to
26 gpm of a solution containing greater than or equal to 4000 ppm
boron or fts equivalent until the SHUTDOWN MARGINvrequired by
Specification 3.1.1.)',1-‘.~rutorod. RO Kyey

b. With al full-lonqth'EEAs fully inserted and the reactor subcritical
by less than the above reactivity equivalent, immediately initiate and
continue boration at greater than or equal to 26 gpm of a solution
containing greater than or equal to 4000 ppm boron or its equivalent
until the SHUTDOWN MARGIN required by Specification 3.1.1.1 is restored.

SURVEILLANCE REQUIREMENTS

4.10.1.1 The position of each full=length and part-length CEA required either
partially or fully withdrawn shall be determined at least once per 2 hours.

4.10.1.2 Each CEA not fully inserted shall be demonstrated capable of full
insertion when tripped from at least the 50% withdrawn position within 24 hours
prior to reducing the SHUTDOWN MARGIN to less than the limits of Specification
J.3.1.1.

4.10.1.3 When in MODE 3 or MODE 4, the reactor shall be determined to be
subcritical by at least the reactivity equivalent of the highest estimated CEA
worth or “he reactivity equivalent of the highest estimated CEA worth is avail-
able for *rip insertion from OPERABLE CEAs at least once per 2 hours by con-
sideration of at least the following factors:

a. Reactor Coolant System boron concentration,

CEA position,

Reactor Coolant System average temperature,

Fuel burnup based on gross thermal energy qenération,
Xenon concentration, and

o B8 B B B

Samarium concentration.

—
Operation in MIDE 3 and MODE 4 shal) be limited to 6 consecutive hours,
"

Limited to low power PHYSICS TESTING at the 320°F plateau.
PALO VERDE =« UNIT 2 3/4 10-1
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4.2 £TA T EXCESTIONS

MIT NOITION FOR PEIATION

3.10.9 The SHUTDOWN MARGIN requirement of Specification 3.1.1.1 and the
SHUTDOWN MARGIN and KN.1 requirements of Specification 3.1.1.2 may be suspended
for pre-startup tests to demonstrate the OPERABILITY of the control element
drive mechanism system provided:

. No more than one CEA is withdrawn at any time,

. No CEA is withdrawn more than 7 inches.

. The Ky.1 requirement of Specification 3.1.1.2 is met prior to
the start of testing,

. ATl other operations fnvolving positive reactivity changes are
suspended during the testing.

APPLICABILITY: MODES 4 and §,

ACTION: With any of the above requirements not met. suspend testing and
comply with the requirements of Specification 3.1.1.1 or 3.1.1.2, as applicalble.

SURVEILLANCE R€2urasuenTs

4.10.9 Surveillance Requirements 4.1.) 2.1.e¢ and 4.1.1.2.2 shall be conducted
within one hour prior to the start of testing, and at least once per 12 hours
during testing,

PALO VERSE - UNIT 1) ; /4 10+9




3/4.1 REACTIVITY CONTROL SYSTEMS

C

3/4.1.1 BORATION CONTROL

3/4.1.1.1 and 3/4.1.1.2 SHUTDOWN
—_——————— -

A sufficient SHUTDOWN MARGIN
subcritical from all operating con
associated with postulated acciden
able limits assuming the insertion
limits of Specification 3.1.3.6, »
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SHUTDOWN MARGIN requirements
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3/4.1.1.3 MODERATOR TEMPERATURE ¢
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The function of SHUTDOWN MARGIN is to ensure that the reactor remains
subcritical following a design basis accident or anticipated operational
occurrence. The function of KN-1 1s to maintain sufficient subcriticality to
preclude inadvertent criticality following ejection of a single control element
assembly (CEA). During overaticn in MODES 1 and 2, with kKefe greater than or
equal to 1.0, the transient insertion limits of Soecification 3.1.3.6 ensure
that sufficient SHUTDOWN MARGIN 1s available.

SHUTDOWN MARGIN is the amount by which the core is subcritical, or
would be subcritical immediately following a reactor tris, considering a single
malfunction resulting in the highest worth CEA failing to insere. Kne1 18 a
measure of the core's reactivity, considering a single malfunction resulting
in the highest worth inserted CZA being ejected.

SHUTDOUN MARGIN requirements vary throughout the core 1ife as a
function of fuel depletion and reactor colant system (RCS) cold leg temoeratyre
(Tco;g). The most restrictive condition occurs at EOL, with T.n14 2t no-load
operating temperature,and {s dssocfated with a postulated steid ?fne Sreak
accident and the resulting uncontrolled ACS ccoldewn. In the analysis of this
accident, the specified SHUTOOWN MARGIN 1s required to contral the reactivity
transient and ensure that the fuel performance and offsite dose criteria ara
satisfied. As (initial) Tegld decreases, the potential RCS csoldewn and the
resulting reactivity transient are less severe and, therefore, the required
SHUTDOWN MARGIN also decreases. Below Tony4 Of about 210 OF, the fnadvertent
deboration event becomes limiting with respect to the SHUTDOWN MARGIN
requirements. Below 210 OF, the specified SHUTDOWN MARGIN ensures that
sufficient time for operator actions exists between the fnftial indication of
the deboration and the total loss of shutdown margin. Accerdingly, with at least
one CEA partially or fully withdrawn, the SHUTDOMWN MARGIN requirements are
based upon these limiting conditions.

Additional events considered in establishing recuirements on SHUTCOWN
MARGIN that are not limiting with respect to the Specification 1imies are
single CEA withdrawa! and'startup of an fnactive reactar coolant pump,

KN.1 requirements vary with the amount of positive reactivity that
would be introduced assuming the CEA with the highest fnserted worth ejects from
the core. In the analysis of the CEA ejection event, the KNe1 requirement
ensures that the radially dveraged enthalpy acceptance criterion 1s satisfied,
considering power redistribution effects. Above Teald of 800 OF, Dopoler
reactivity feedback s sufficient to preclude the need faor 3 specifice KNt
requirement. With all CEAs fully inserted, KNe1 and SHUTDOWN MARGIN requirements
are equivalent in terms of minimum dcceptadble core boran concentration.

PALY VERZE » uniT 21 834 11
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3/8.1 QEICTIVITY conTIOL SYSTING

ELEES = ——— o e
3/8.1.1 90RATIAN CaNTIOL (cont.) o A A

4111 and 3/4.1.1.2 ssyTmony PR D Knet (comt).._ . e A

Other technical specifications that refarence the Specifications on
SHUTCOWN MARGIN or Kn.1 are: 3/4.1.2, BORATION SYSTEMS, 3/4.1.3, MOVABLE
CONTROL ASSEMBLIES, 3/ .9.1, REFUELING CPERATIONS- BORON CONCENTRATION,
3/4.10.1, SHUTDOWN MARGIN AND KN-1 = CEA WORTH TESTS, and 3/4.10.9, SHUTDOWN
MARGIN AND KN-1 - CEDMS TESTING.

’

3/3.1.1.3 mecssartss TSMBEIATUIE cozzeracayy (W72

|
I
:'
|
i

The limitazicas oa = CBrFITIr lamtarature czeffiziaas CITC) are zeavicze
$3 ensure 2n3s ne issimsticns usag ia sme acizant 3ac sTIngtant amalvsis
remain valic thraugs sacs fuel <yela. The surveillimea Tiqulramenss fo-
measurament of cme MTC Suring 2acn flel eyele ars 8C22U3%2 13 gaafirm wma MTS
value sinca shis ccefficiant enangas sicwly cue sringizaily 3 wma reguesisn
in RCS z2ran SIncantration asseciazac .isn ‘el Burays., The ceafirsmatisn smas
the measures MTC value is withia g 1iaie Br3vicas assurascas snas e 2safe
ficient will ne TFaintaines wisnia allzactasle values SArSugneus e22n fiel
cvele,
3/8.1.1.& MINDMUY TSNS23ATURS =19 CRITICALITY e e G R - . i
This speci#izasian ensures tRat the reacisr will nes se mace Critica) wis=s
the Reactsr Ciclane Systam caig T2 tamperaturs less snan S32°F. This limitasisn
fs recuired %3 ensyrs (1) tha mocarazar tamserature czefficiang is within ics
analyzad tamperasyrs range, (2) the pratacsive fnstrumentatiza is wicsia {ss
neraal egerating range, and (3) 2 ensure Siasistancy wisn the 73AR salazy

analysis,
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REACTIVITY CONTROL SYSTEMS

BASES

ettt e —
3/4.1.1.4 MINIMUM TEMPERATURE FOR CRITICALITY

This specification énsures that the reactor will not be made critical with

the Reactor Coolant System cold leg temperature less than 552°F. This limitation

is required to ensure (1) the moderator temperature coefficient is within its
analyzed temperature range, (2) the protective instrumentation is within its
nermal operating range, and (3) to ensure consistency with the FSAR safety
analysis. e —

A \
jz P I P 3 : ol ( i ~—
3/4.1.2 BORATION SYSTEMS ‘<') 479

The boron injection system ensures that negative reactivity control is
available during each mode of facility operation. The components required to
perform this function include (1) borated water sources, (2) charging pumps,
(3) separate flow paths, (4) an emergency power supply from OPERABLE diesel
generators, and (5) the volume control tank (VCT) outlet valve CH-Uv-501,
capable of isolating the VCT from the charging pump suction line. The nominal
capacity of each charging pump is 44 gpm at its discharge. Up to 16 gpm of
this may be diverted to the volume control tank via the RCP control bleedoff.

able. Allowable out-of-service periods ensure that minor compcnent repair or
corrective action may be completed without undue risk to oversll facility
injecti ilures during the repair period.
saf;,gﬂf '::og‘:s rlcn;]/e (it:sl 2.21/5'3223? r.raa:' Fro A/’D/A/'(_-g 0rir 773.,\/ éPQw CRLCRST TO 4
Ihe-boaation_capability_oi.eixher_system is sufficient to provide a___
SHUTDOWN MARGIN £rom~expectgg7npenaLing_conditions-of 4% delta k/k after xenon
decay and cooldown to 210°F “A'The maximum expected boration capability require-
ment occurs at EOL from ful]/power equilibrium xenon conditions and requires
23,800 gallons of 4000 ppm borated water from either the refueling water tank

/
or the spent fuel pool. et 5 (neys P7§3

With the RCS temperature below 210°F one injection system is acceptable
without single failure consideration on the basis of the stable reactivity
condition of the reactor and the additional restrictions prohibiting CORE
ALTERATIONS and positive reactivity changes in the event the single injection
system becomes inoperable. The restrictions of one and only one operable
charging pump whenever reactor coolant level is below the bottom of the pressyr-
izer is based on the assumptions used in the analysis of the boron dilution
event. \ -

FILNT QYD ) L

A —Fhe-boron-capabitity required below 210°F -is based upon providing a 4%
delta-k/k -SHUTDOWN MARGIN-after xenon decay and cooldown from 210°F to 120°F.
This condition requires 9,700 gallons of 4000 ppm borated water from either
the refueling water iank or the spent fua] pool.
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3/4.10 SPECIAL TEST EXCEPTIONS

BASES

3/4.10.6 SAFETY INJECTION TANKS

This special test exception permits testing the low pressure safety
injection system check valves. The pressure in the injection header must be
reduced below the head of the low pressure injection pump in order to get flow
through the check valves. The safety injection tank (SIT) isolation valve
must be closed in order to accomplish this. The SIT isolation valve is still
capable of automatic operation in the event of an SIAS; therefore, system
capability should not be affected.

3/4.10.7 SPENT FUEL POOL LEVEL

This special test exception permits loading of the initial core with the
spent fuel pool dry.

3/4.10.8 SAFETY INJECTION TANK PRESSURE

This special test exception allows the performance of PHYSICS TESTS at
low pressure/low temperature (600 psig, 320°F) conditions which are required
to verify the low temperature physics predictions and to ensure the adequacy
of design codes for reduced temperature conditions.
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H. Supporting Analyses for the Technical Specification Amendment Request:

1. STEAM SYSTEM PIPING FAILURES INSIDE AND OUTSIDE
CONTAINMENT - MODE 3 OPERATION: Tg <500°F

1.1 Identification of Event and Causes

Refer to CESSAR Section 15.1.4, except that steam line break events during
Mode 3 operation for reactor cold leg temperature (Tcold) less than 500°F
are analyzed to demonstrate the adequacy of the shutdown margin as specified
by Technical Specifications 3.1.1.1 and 3.1.1.2, to prevent degradation in
fuel performance as a result of post trip return tc power. The results show
that the shutdown margin is sufficiently large to prevent a post trip return

to power. The steam line breaks presented are:

A. A large steam line break inside containment during Mode 3 operation with
concurrent loss of offsite power in combination with a single failure and

technical specification shutdown margin.

B. A large steam line break inside containment during Mode 3 operation with
offsite power available in combination with a single failure and

technical specification shutdown margin.

Yor Tcold

J:1:.1:2 s X A D Below 500°F, the shutdown margin decreases linearly with

> 500°F, the shutdown margin specified by Technical Specification

temperature. Here, cold leg temperatures below 500°F are considered. Hot
zero power steam line breaks above 500°F using technical specification
shutdown margin are found in PVNGS FSAR Section 15.1.5. The requirements of
Technical Specification 3.1.1.1 are less limiting for steam line breaks than
are those of Technical Specification 3.1.1.2.

The largest possible steam line break size is the double ended rupture of a
steam line upstream of the main steam isolation valve (MSIV). In the PVNGS
design, an integral flow restrictor exists in each steam generator outlet
nozzle. The largest effective steam blowdown area for each steam line, which

is limited by the flow restrictor throat area, is 1.28 square feet.



These two cases are analyzed for end of equilibrium core, self-generated
plutonium recycle (SGR) conditions. PVNGS specific minimum safety injection
flow rates, feedwater 1isolation valve closure time, and steam generator

differential pressure ( A P) isolation (lockout) setpoint are employed.

1.2 Sequence of Events and System Operation

Steam line breaks are characterized as cooldown events due to the increased
steam flow rate, which causes excessive energy removal from the steam
generators and the reactor coolant system (RCS). This results in a decrease
in reactor coolant temperatures and in RCS and steam generator pressures. The
cooldown causes an increase in core reactivity due to the negative moderator

and Doppler reactivity coefficients.

Mode 3 steam line breaks are initiated from a suberitical reactivity
condition. Detection of the cooldown is accomplisted by the pressurizer and
steam generator low pressure alarms, by the high reactor power alarm and by
the low steam generator water level alarm. Reactor trip is provided by ome of
two available reactor trip signals. These are the low steam generator

pressure and the high logarithmic power level trips.

For a steam line break that occurs with a concurrent loss of offsite power,
termination of feedwater to both steam generators and coastdown of the reactor
coolant pumps are assumed to be initiated simultaneously. In general, the
depressurization of the affected steam generator results in actuation of a
main steam isolation signal (MSIS). This closes the MSIVs, isolating the
unaffected steam generator from blowdown, and closes the main feedwater
i{solation valves (MFIV), terminating main feedwater flow to both steam
generators. After the reduction of steam flow that occurs following MSIV
closure, the level in the intact steam generator falls below the auxiliary
feedwater actuation signal (AFAS) setpoint. The resulting AFAS causes
auxiliary feedwater (AFW) flow to be initiated to both steam generators. 1f
the differential pressure between the two steam generators exceeds the

setpoint, the AFW logic isolates flow to the affected steam generator and



diverts the flow from both AFW pumps to the intact steam generator. The
pressurizer pressure may decrease to the point where a safety injection
actuation signal (SIAS) is initiated. The isolation of the unaffected steam
generator and subsequent emptyirg of the affected steam generator terminate
the cooldown. The Iatroduction of safety injection boron upon SIAS causes
core reactivity to decrease. The operator, via the appropriate emergency
procedures, may initiate plant cooldown by manual control of the atmospheric
steam dump valves, or, in the event that offsite power is available, by using
the unaffected steam generator and the turbine bypass valves, any time after
the affected steam generator empties. The analyses presented herein
conservatively assume operator action is delayed until 30 minutes after event
initiation. The plant is then cooled to 350°F and 400 psia, at which point
shutdown cooling is initiated.

A parametric study of single failures (see Appendix 15C of CESSAR) that would
have an adverse impact on the SLB event has determined that the failure of one
of the high pressure safety injection (HPSI) pumps to start following SIAS has
the most adverze effect for those cases that result in generation of SIAS.
For the two cases presented here, there is no SIAS actuation for the duratiom
of the transient (500 seconds). For these events the most adverse effect is
caused by the failure of a MSIV on one of the steam lines from the intact
generator to close following MSIS. Consequently, for these cases steam is
assumed to continue to be released from the intact steam generator at 1.5% of
the design steam rate. This open flow path is represented by an effective
flow area for steam blowdown from the intact steam generator of 0.034 square

feet.

1.3 Analysis of Effects and Consequences

A. Mathematical Models

The mathematical models and data transfer between codes used in the SLB
analysis are presented in PVNGS FSAR Appendix 15.C.



B.

Input Parameters and Initial Conditions

The initial conditions assumed in the analysis of the NSSS response to
Cases 1 and 2 are presented in Table 1-1. The initial Keff of 0.99 is
the highest value allowed by technical specifications for Mode 3 and
leaves the least pretrip margin to criticality. There is no effect on
the post trip margin to criticality. Above core inlet temperatures of
500°F, the shutdown margin is 62 A p . Below 500°F the required
shutdown margin decreases linearly with temperature. The initial core
inlet temperature of 450°F was selected to demonstrate the adequacy of
the shutdown margin in the temperature range where its magnitude is
decreasing. This is a representative cold leg temperature. Analysis at
other initial cold leg temperatures below 500°F will produce results and
parameter trends similar to those presented here. Initially two reactor
coolant pumps are assumed to be operating, as allowed in Mode 3. The
initial pressurizer pressure of 830 psia falls within the range of normal
Mode 3 operating procedures. The SIAS setpoint is set at 430 psia, 400
psi below the initial pressurizer pressure, the maximum offset allowed by
technical specifications. This and the high initial pressurizer water
volume have the effect of delaying SIAS actuation since SIAS generally
occurs after the pressurizer empties. The technical specification
shutdown margin at 450°F is 5.1X% A p . Since the reactor is 1%
subcritical initially, a CEA worth at trip of 4.12 A p is assumed. The
moderator and Doppler reactivity coefficients corresponding to the end of
equilibrium cycle, self-generated plutonium recycle (SGR) are employed.
For the purpose of conservatism the moderator reactivity coefficients

correspond to the condition of no initial boron in the core.

Results

Case 1: Large Steam Line Break During Mode 3 Operation with
Concurrent Loss of Offsite Power (SLBM3LOP)



The dynamic behavior of the salient NSSS parameters following the
SLBM3LOP is presented in Figures 1-1 through 1-16. Table 1-2 summarizes

the major events, times, and results for this transieat.

Concurrent with the steam line break, a loss of offsite power occurs. At
this time an actuation signal for the emergency diesel generators is
initiated. Also at this time, the CEDM coils are assumed to lose power
and, after a 0.34 second coil decay delay, the CEAs begin to drop into
the core. At 21.3 seconds the steam generator pressure falls below the
main steam isolation signal (MSIS) setpoint of 223 psia. This results in
the generation of MSIS at 22.3 seconds, which initiates closure of the
MSIVs and MFIVs. The MSIVs close by 26.9 seconds. The MFIVs close by

31.9 seconds.

During the first 500 seconds of the transient the pressurizer has not yet
emptied and pressurizer pressure remains above the SIAS setpoint of 430
psia. Hence no safety injection flow and no boron reaches the RCS during

this time.

AFAS 1is assumed to be actuated soon after the MSIVs close. Auxiliary
feedwater is assumed to enter the steam generators after the level falls
below the 802 high level setpoint; i.e., at 118 seconds. The pressure
difference between the two steam generators remains below the analysis
setpoint of 325 psid during the transient. Hence ther: is no automatic

isolation of auxiliary feedwater to the affected steam generator.

At 500 seconds the transient reactivity is -2.1%, which indicates there
is still a significant margin to recriticality. This margin will
continue to decrease as the affected steam generator continues to blow
down and the RCS continues to cool. After the pressurizer empties the
RCS pressure is expected to fall more rapidly resulting in SIAS and
subsequent inflow of boron into the RCS. Alternately SIAS may be
manually actuated by the operator. In either case, after the inflow of

boron iatec the RCS, the margin to recriticality is expected to increase.



Eventually, the affected steam generator is expected to blow down to
atmospheric pressure. This would terminate further RCS cooldown. Even
assuming the limiting case, where the affected steam generator has
depressurized to atmospheric pressure and no safety injection boron has
reached the RCS, the core will remain subcritical with a margin to
criticality of no less than -0.4% A p.

The discontinuity seen in some of the parameter plots at about 470
seconds (e.g., Figures 1-6 and 1-8) is due to safety injection tank (SIT)
flow into the RCS for a short period of time. A SIT injection gas cover
pressure of 608 psia was used in the analysis. The effect of this is

small since no credit was taken for the SIT boron in the analysis.

The minimum DNBR remains above 10 during this transient. At a maximum of
30 minutes, the operator, via the appropriate emergency procedure,
initiates plant cooldown by the manual control of the atmospheric dump
valves. Shutdown cooling is initiated when the RCS reaches shutdown
cooling entry conditions.

Case 2: Large Steam Line Break During Mode 3 Operation with Offsite
Power Available (SLBM3)

The dynamic behavior of the salient NSSS parameters following the SLBM3
is presented in Figures 1-17 through 1-32. Table 1-3 summarizes the

major event, times, and results for this transient.

At 24.3 seconds after the initiation of the steam line break, the steam
generator pressure drops below the low steam generator pressure trip and
MSIS setpoint of 223 psia. The reactor trip breakers open at 25.45
seconds. After a 0.34 second coil delay, the CEAs begin to drop into the
core at 25.8 seconds. The MSIS initiates closure of the MSIVs and
MFIVs. The MSIVs close by 29.9 seconds. The MFIVs close by 34.9 seconds.



During the first 500 seconds of the transient, as in Case 1, the
pressurizer has not yet emptied and pressurizer pressure remains above
the SIAS setpoint of 430 psia. Hence no safety injection flow and no
safety injection boron reaches the RCS during this time.

AFAS is assumed to be actuated soon after the MSIVs close. Auxiliary
feedwater is assumed to enter the steam generators after the level falls
below the 80% high level setpoint, i.e., at 115 seconds. The pressure
difference between the two steam generators stays below the analysis
setpoint of 325 psid during the transient. Hence there is no automatic

isclation cf auxiliary feedwater to the affected steam generator.

At 500 seconds the transient reactivity is -1.9%, which indicates there
is still a significant margin to criticality. This margin will continue
to decrease as the affected steam generator continues to blow down and
the RCS continues to cool. After the pressurizer empties the RCS
pressure 1is expected to fall more rapidly resulting in SIAS and
subsequent inflow of boron into the RCS. Alternately SIAS may be
manually actuated by the operator. In either case, after the inflow of
boron into the RCS, the margin to recriticality is expected to increase.
Eventually, the affected steam generator 1is expected to blow down to
atmospheric pressure (T=212°F). This would terminate further RCS
cooldown. Even assuming the limiting case, where the affected steam
generator has depressurized to atmospheric pressure and no safety
injection boron has reached the RCS, the core will remain subcritical

with a margin to criticality of no less than -0.42 A p .

The discontinuity seen in some of the parameter plots at about 390 and
450 seconds (e.g., Figures 1-22 and 1-24) is due to safety injection tank
(SIT) flow into the RCS for a short period of time. A SIT injection gas
cover pressure of 608 psia was used in the analysis. The effect of this

is small since no credit was taken for the SIT boron in the analysis.



The minimum DNBR remains above 10 during the transient. At a maximum of
30 minutes, the operator, via the appropriate emergency procedure,
initiates plant cooldown. Shutdown cooling is initiated when the RCS

reaches shutdown cooling entry conditions.

1.4 Conclusion

For the large steam line bresk during Mode 3 operation for reactor cold leg
temperatures less than 500°F with or without a loss of offsite power, and in
combination with a single failure the shutdown margin is sufficient to prevent

a post trip return to power.



TABLE 1-1

ASSUMPTIONS AND INITIAL CONDITIONS FOR LARGE STEAM LINE BREAKS
DURING MODE 3 GPERATION WITH AND WITHOUT CONCURRENT LOSS OF OFFSITE

POWER (SLBMJLOP & SLBM3)

Parameters

Assumed Value

Initial Reactivity

Initial Core Inlet Coolant Temperature, F
Initial Core Mass Flow Rate, 10 1bm/hr (2 RCPs)
Initial Pressurizer Pressure, psia
Initial Pressurizer Water Volume, fr3
Doppler Coefficient Multiplier

Moderator Coefficient Multiplier

Axial Shape Index

CEA Worth at Trip, 1072 A p

Initial Steam Generator Inventory, lbm
Core Burnup

Blowdown Fluid

Blowdown Area for Each Steam Line, fr2

0.99

450

91.1

830

1100

1.15

1.10

+.3

=-4.1

311,000

End of Cycle
Saturated Steam

1.283



TABLE 1-2

SEQUENCE OF EVENTS FOR A LARGE STEAM LINE BREAK DURING
MODE 3 OPERATION WITH CONCURRENT LOSS OF OFFSITE

POWER (SLBM3LOP)
Time (Sec) Event Setpoint or Value
0.0 Steam line break and loss of offsite

power occur. Holding coils lose power. -

21.3 Steam generator pressure reaches main

steam isolation signal (MSIS) analysis

setpoint, psia 230
22.3 MSIS generated -
26.9 MSIVs completely closed -
3.9 MFIVs completely closed -
500 Transient reactivity, 10=2 A p -2.1
> 500 Pressurizer empties --
> 500 Pressurizer pressure reaches safety

injection actuation signal (SIAS)

analysis setpoint, psia 430
> 500 SIAS generated -
> 500 Voids begin to form in reactor vessel

upper head e
> 500 Safety injection flow begins -
> 500 Safety injection boron begins to reach

reactor core —_—
1800 Operator initiates cooldown —



TABLE 1-3

SEQUENCE OF EVENTS FOR A LARGE STEAM LINE BREAK DURING
MODE 3 OPERATION WITH OFFSITE POWER AVAILABLE (SLB

Time (Sec) Event Setpoint or Value
0.0 Steam line break occurs —
24.3 Steam generator pressure reaches main

steam isolation signal (MSIS) analysis
setpoint and low steam generator

pressure trip setpoint, psia 230
25.3 Low steam generator pressure trip

signal and MSIS generated -
25.45 Reactor trip breakers open -
29.9 MSIVs completely closed -
34.9 MFIVs completely closed -
500 Transient reactivity, 1072 A p -1.9
> 500 Pressurizer empties e
> 500 Pressurizer pressure reaches safety

injection actuation signal (SIAS)

analysis setpoint, psia 430
> 500 SIAS generated .
> 500 Voids begin to form in reactor vessel

upper head —
> 500 Safety injection flow begins -
> 500 Safety injection boron begins to

reach reactor core -

1800 Operator initiates cooldown -

-11-



2. STEAM SYSTEM PIPING FAILURES INSIDE AND OUTSIDE
CONTAINMENT - MODE 4 OPERATION

2.1 Identification of Event and Causes

The steam system piping failure event during Mode 4 operation is evaluated to
demonstrate the adequacy of the shutdown margin, as specified by technical
specifications, to prevent degradation in fuel performance as a result of a

post trip return to power.

The double ended rupture of a steam line upstream of the main steam isolation
valve (MSIV) is considered. Reactor physics parameters (e.g., moderator and
Doppler reactivity coefficients) for the end of equilibrium core,
self-generated plutonium recycle (SGR) are assumed. The moderator reactl-—ity
coefficient corresponding to the condition of zero initial boron in the ccre
is conservatively assumed. The more likely condition of boron existing in the
RCS would cause the moderator reactivity to be less negative or even positive,

thus reducing the reactivity increase during a steam line break.

Extrapolation of the results from Section 1 show that the shutdown margin in

Mode 4 is sufficiently large to prevent a post trip return to power.

2.2 Sequence of Events and Systems Operation

Steam line breaks result in excessive cooldown of the reactor coolant which
causes an increase in core reactivity due to the negative moderator and

Doppler reactivity coefficients.

Mode &4 steam line breaks are initiated from a subcritical reactivity
condition. The initial cold leg temperature may range from 210°F to 350°F.
The sequence of events during a steam line break event will differ depending

on the initial cold leg temperature and pressurizer pressure.

Detection of the cooldown is accomplished by the pressurizer and steam

generator low pressure alarms and by the low steam generator water level alarm.

-12~-



Reactor trip is provided by one of two available reactor trip signals. These
are the low steam generator pressure and the high logarithmic power level
trips. The depressurization of the affected steam generator may result in
actuation of a main steam isolation signal (MSIS). This closes the MSIVs,
isolating the unaffected steam generator from blowdown. If the level in
either steam generator falls sufficiently 1low, an auxiliary feedwater
actuation signal (AFAS) will occur. The pressurizer pressure may decrease to
the point where a safety injection actuatiou signal (SIAS) is initiated. The
introduction of safety injection boron upon SIAS causes core reactivity to
decrease. Eventually the affected steam generator will depressurize to

atmospheric pressure which will terminate the RCS cooldown.

2.3 Analysis of Effects and Consequences

The magnitude of the core reactivity increase during a steam line break during
Mode 4 depends on the initial cold leg temperature. A steam line break
initiated from 210°F or lower will result in negligible increases in core
reactivity. A steam line break initiated from 350°F has the potential for
moderate amounts of reactivity increase. Eventually, the affected steam
generator will blow down to atmospheric pressure terminating further
reactivity increase. If a SIAS is initiated, either automatically or by
manual operator action, the core reactivity will decrease subsequent to the
inflow of boron into the RCS. Even assuming the limiting case where the
affected steam generator has depressurized to atmospheric pressure and no
safety injection boron has reached the RCS, the technical specification

shutdown margin will prevent a return to core criticality.
2.4 Conclusion
For the large steam line break during Mode 4 operation, the shutdown margin as

specified by the technical specifications is sufficient to prevent a return to

core criticality.
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3. UNCONTROLLED CONTROL ELEMENT ASSEMBLY WITHDRAWAL
FROM A SUBCRITICAL OR LOW POWER CCNDITION
Refer to CESSAR Section 15.4.1.
4., UNCONTROLLED CONTROL ELEMENT ASSEMBLY WITHDRAWAL
FROM MODES 2 AND 3 SUBCR.TICAL WITH 4 REACTOR
COOLANT PUMPS OPERATING

4,1 Identification of Event and Causes

An uncontrolled sequential withdrawal of CEAs is assumed to occur as a result
of a single failure in the Control Element Drive Mechanism (CEDM), Control
Element Drive Mechanism Control System (CEDMCS), reactor regulating system, or
as a result of operator error. This event 1is analyzed to justify reduced
Technical Specification Shutdown Margin requirements in subcritical modes to
below that required for Modes 1 and 2.

4,2 Sequence of Events and Systems Operation

The withdrawal of CEAs from subcritical conditions adds reactivity to the
reactor core, causing both the core power level and the core heat flux to
increase followed by corresponding increases in reactor coolant temperatures
and reactor coolant system (RCS) pressure. The withdrawal of CEAs also
produces a time dependent redistribution of core power. These transient
variations in core thermal parameters may result in an approach to the
specified acceptable fuel design 1limits (SAFDL), thereby requiring the

protective action of the reactor protection system (RPS).

Reactivity Control

The reactivity insertion rate accompanying the uncontrolled CEA withdrawal 1is
dependent primarily upon the CEA withdrawal rate and the CEA worth since, at
suberitical conditions, the normal reactor feedback mechanisms do not occur
until power generation in the core is large enough to cause changes in the
fuel ani moderator temperatures. The reactivity insertion rate determines the

rate of approach to the fuel design limits. The uncontrolled CEA withdrawal

lh=



transient from subcritical conditions 1is terminated by a high logarithmic
power level trip or a CPC range trip.

Reactor Heat Removal

Following the cooldown phase in which the steam bypass control system is used,
the shutdown cooling system (SCS) 1s manually actuated when the RCS
temperature and pressure have been reduced to 350°F and 400 psia,
respectively. This system provides sufficient cooling flow to cool the RCS to

cold shutdown.

Primary System Integrity

The RCS pressure remains below the pressurizer pressure safety valve setpoint
and remains less than 1102 of design pressure. The pressurizer pressure
control system and the pressurizer level control system are manually oper:ted

to regulate RCS pressure and coolant inventory during the cooldown phase.

Secondary System Integrity

The secondary system pressure increases following reactor trip and is limited
by the steam generator safety valves. The atmospheric dump valves are used to
cool the plant down to shutdown ccoling entry conditions. The feedwater

flowrate 18 in manual mode and is very low because it matches steam flow rates.

Table 4-1 gives the sequence of events for the limiting CEA withdrawal
transient from subcritical conditions identified in paragraph 4.3.

4,3 Analysis of Effects and Consequences

A. Mathematical Model

The Nuclear Steam Supply System (NSSS) response to a CEA sequential

withdrawal from subcritical or low power conditions was simulated using
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the CESEC computer program described in PVNGS FSAR Section 15.0. The
thermal margin on DNBR in the reactor core was simulated using the TORC
computer program described in PVNGS FSAR Section 15.0 with the CE-1 CHF
correlation described in PVNGS FSAR Chapter 4.

Input Parameters and Initial Conditions

The initial conditions and NSSS characteristics assumed in this analysis
have been determined to be the limiting conditions from which a CEA
withdrawal could be initiated from subcritical modes. The range of
initial conditions which were considered is limited both by Technical
Specification LCO's and by the auxiliary trip functions in the CPC's. At
10°4 percent power, the CPC zero power bypass 1is automatically
removed. If initial NSSS parameters or ccre coolant flow, temperature,
pressure etc., are beyond specified values the CPC's will cause an
immediate reactor trip upon bypass removal. The 10" percent power
level setpoint at which the CPC bypass is automatically removed is well
below the setpoint of the high logarithmic power level trip. A trip
generated at this power level would cause a decrease in fission power
before the point of adding sensible heat flux is reached, thereby

precluding a challenge to the SAFDLs.

Parametric studies of initial conditions which would not generate an
immediate CPC trip were performed. The initial conditions which resulted

in the most adverse transient are presented in Table 4-2.

All control element assemblies are initially assumed to be fully inserted
and the 1initial Keff is 0.91. The reactivity insertion rate 1is
conservatively taken to be 3.23 x 10-4 Ap /second which is greater than

the maximum differential worth of the highest worth CEA bank.
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C. Results

The dynemic behavior of important NSSS parameters following a CEA
withdrawal from subcritical couditions 1s presented in Figures 4-1
through 4-5.

The withdrawal of CEA's from subcritical conditions gradually reduces the
amount by which the core is shut down. During this time, subecritical
multiplication causes core power to increase. The reactor reaches
critical at 278 seconds. Following this, core power rises at a rate

which increases as the CEA's continue to withdraw.

A reactor trip on high logarithmic power is generated before core power
reaches the point of adding sensible heat. Due to the rapid rate of
power increase at the time of trip generation and the effect of continued
CEA withdrawal until the trip breakers open, a brief power excursion

occurs past the point of adding sensible heat.

The CEA's begin dropping into the core at 293.7 seconds terminating the

power escalation with a hot channel minimum DNBR greater than 2.0.

4.4 Conclusions

The uncontrolled CEA withdrawal from a subcritical condition event meets
general design criteria 25 and 20 as specified in SRP? 15.4.1. These criteria
require that the specified acceptable fuel design limits are not exceeded and
that protection system action 1is initiated automatically. The transient
terminates with a hot channel minimum DNBR greater than 1.19 and the peak fuel
centerline temperature during the transient is less than 1230°F.
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TABLE 4-1

SEQUENCE OF EVENTS FOR THE

SUBCRITICAL CEA WITHDRAWAL EVENT

Time (Sec) Event Setpoint or Value
0.0 Withdrawal of CEA's - Initiating Event -
292.8 Core Power reaches High Logarithmic 2.7 X 10~2
power level reactor trip analysis
setpoint, percent of design power
293.2 High Logarithmic Power Level Trip -
Signal Generated
293.4 Trip Breakers Open -
293.7 Maximum Core Power, % of Design Power 63%
293.9 Maximum Core Average Heat Flux, % of Full
Power Heat Flux 7.8%
294.0 Minimum DNBR 2.0
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ASSUMPTIONS AND INI [IAL CONDITIONS FOR
THE SUBCRITICAL CEA WITHDRAWAL ANALYSIS

Parameters Assumed Value

Initial Fission power level, MWt 2.9 % A9

Core inlet coolant temperature, "F 565.5

1 - '
Core mass flowrate, 10 ) LDp/ N 142.1

Reactor coolant system pressure, psia 1785

me pin 3-D peaking factor, with uncertainty 7.

Steam generator pressure, psia 11

Moderator temperature coefficient, 107" Ap /71 +0.

fent multi

roeffic

vactivity addition rate, 10™% Ap/se 3.23

CEA Worth on trip, 107¢ Ap 3.79

Automat i«

control system

Steam bypass




5. UNCONTROLLED CONTROL ELEMENT ASSEMBLY WITHDRAWAL
FROM MODES 3, 4 AND 5 WITH LESS THAN 4 REACTOR COOLANT
PUMPS OPERATING

5.1 Identification of Event and Causes

Refer to Section 3.

5.2 Sequence of Events and Systems Operation

This event proceeds the same as the event in Section 4, the CEAW for 4 Reactor
Coolant Pumps Operating. A trip is generated by the CPCs when the zero power
bypass 1s automatically removed at 10 % power since less than four pumps
are in operation. This causes the shutdown of the reactor prior to the point

of adding sensible heat flux.

5.3 Analysis of Effects and Consequences

Due to the prompt CPC trip at 10-‘1 power the consequences of this event are
less adverse than for the CEAW presented in Section 3.
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6. STARTUP OF AN INACTIVE REACTOR COOLANT PUMP

6.1 Identification of Event and Causes

The Startup of an Inactive Reactor Coolant Pump (SIRCP) is presented here wiih
respect to potential loss of minimum required shutdown margin. This event is

also evaluated with respect to RCS pressure and fuel performance criteria.

Administrative procedures govern the starting of RCPs and reduce the effects
of RCP starts.

6.2 Sequence of Events and Systems Operation

SIRCP can either raise or lower core average coolant temperature. The average
temperature can be lowered by increased heat transfer to the steam generators
caused by increased core coolant flow and by colder primary system water in
the steam generators being forced into the core. The core average temperature
can be raised by increased heat transfer from the steam generators to the RCS
as a result of increased core coolant flow and by hotter primary system water

in the steam generators being forced into the core.

The SIRCP event which lowers the core average temperature (the cooldown event)
combined with a negative isothermal temperature coefficient (ITC) preduces a
positive reactivity insertion. The SIRCP event which increases core average
temperature (the heatup event), combined with a positive ITC produces an

increase in RCS pressure and a positive reactivity insertion.

6.3 Analysis of Effects and Consequences

SIRCP can cause either a heatup or cooldown of the primary system depending on

the primary to secondary A T.

SIRCP was examined in Modes 3 through 6, since plant operation with less than

4 RCPs running is only permitted in these modes.
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A.

Mathematical Models

The reactivity added to the core during a heatup or cooldown SIRCP event
was determined using conservative isothermal temperature coefficients
(ITCs) with the maximum uncertainty applied. These ITCs were used with
the maximum core temperature increase or decrease to determine the
maximum reactivity inserted during SIRCP. This reactivity insertion is
compared to the minimum shutdown margin required by the technical

specifications.

Input Parameters and Initial Conditions

The initial conditions considered for this event ranged from a positive
to a negative temperature difference between the secondary and primary
system. Primary system temperature higher than the secondary (a positive
temperature difference) would result in cooling down the RCS. Secondary
system temperature initially higher than the primary temperature (a
negative temperature difference) would result in heating up the RCS.
Cooling the RCS would increase reactivity if there is a negative ITC.
Heating the RCS would increase reactivity and RCS pressure if there is a
positive ITC.

To conservatively calculate the reactivity added to the core during
SIRCP, the most negative or positive ITCs are used with uncertainties
applied in the most conservative direction. The initial core average
moderator temperature during SIRCP is assumed to be at the temperature
corresponding to the most positive ITC for the heatup event, or the most

negative ITC for the cooldown event.

The following assumptions are made:

1) Prior to SIRCP all reactor coolant pumps are off. Normally at
least one RCP must be running (or one shutdown cooling train during
shutdown cooling operation). The technical specifications allow
operation without any pumps running for up to one hour. This

assumption maximizes the change in temperature during SIRCP.
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C.

2) Following SIRCP the core average temperature either (1) drops to
the temperature of the coldest steam generator, for the cooldown
event, or (2) increases to the temperature of the hottest steam
generator, for the heatup event. This conservatively bounds the
maximum change in core temperature that can occur during this
event, by ignoring coolant mixing that would occur in the reactor

coolant system.

Results

The results show that the maximum temperature change during SIRCP when
used with the most conservative ITCs does not result in a loss of the

minimum required shutdown margin.

When the RCS is above the conditions requiring low temperature over
pressure (LTOP) protection, the SIRCP event that results in a heatup of
the RCS will not result in a peak pressure greater than 1107 of design
pressure. While the RCS is in the LTOP mode, the shutdown cooling system
(SCS) relief valves will prevent violation of RCS integrity limits. (See
PVNGS FSAR Section 5.2 for a general discussion of RCS integrity.)

Since shutdown margin is not lost during the event, there is no increase

in heat flux and therefore no decrease in minimum DNBR.

6.4 Conclusions

The SIRCP does not result in a loss of shutdown margin. The increase in

pressure during this event will not result in peak pressures above the

applicable limits. There is no increase in core heat flux and therefore no

decrease in minimum DNBR.
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7. INADVERTENT DEBORATION

7.1 Identification of Event and Causes

The Inadvertent Deboration (ID) event is presented here with respect to time
available for operator corrective action prior to the loss of minimum required

shutdown margin. Fuel integrity is not challenged by this event.

The ID event may be caused by improper operator action or by a failure in the
boric acid makeup flow path which reduces the flow of borated water to the
charging pump suction. Either cause can produce a boron concentration of the

charging flow which is below the concentration of the reactor coolant.

The ID event initiated during each of the six operational modes defined in the
technical specifications was evaluated. This evaluation shows that MODE 4
(hot shutdown) results in the least time available for detection and
termination of the event. This is because the shutdown margin requirement
which will be specified by the technical specifications is at its minimum
value in the lower temperesture range of MODE 4 and the boron dilution time
constant which drives the dilution rate is also small in MODE 4. This
combination of a minimum shutdown margin and small time constant results in
the fastest dilution rate and, therefore, yields the shortest time to a

complete loss of shutdown margin.

Since boron dilution is conducted under strict procedural controls which
specify limits on the rate and the magnitude of any required change in boron
concentration, the probability of a sustained and erroneous dilution due to

operator error is very low.

The indications and/or alarms available to alert the operators that a boron
dilution event is occurring in each of the operational modes are outlined

below.
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The following control indications and corresponding pre-trip alarms are
available for MODES 1 and 2: a high power or, for some set of
conditions, a high pressurizer pressure trip im MODE 1 or a high

logarithmic power level irip in MODE 2. Furthermore, a high TAVG alarm

may also occur prior to trip.

In MODES 3 and 4 with CEAs withdrawn, the high logarithmic power level
trip and pre-trip alarm, and a high neutron flux alarm will provide an

indication to alert the operator of an inadvertent boron cilution.

3. In MODES 3, 4, and 5 with CEAs fully inserted except the worst rod stuck
out and in MODE 6, a high neutron flux alarm on the startup flux channels
will provide indication of any boron dilution event.

4. In MODE 5 with the RCS partialiy drained for system malntenance, the
startup flux channel alarm will provide indication of any boron dilution
event. In this plant condition, administrative controls would allow
operation of only one charging pump at a maximum rate of 44 gpm. Plant
operating procedure will require that the power to the other two charging
pumps be removed and their breakers locked out. This drain2d-down case

is less limiting than the MODE 4 event presented below.
The operational procedure guidelines, in addition to these indications and/or
alarms, will assure detection and termination of the boron dilution event

before the shutdown margin is lost.

7.3 Sequence of Events and Systems Operation

The core is initially subcritical with shutdown margin at the minimum value
consistent with the technical specification limit. An inadvertent deboration
occurs which causes unborated water to be pumped into the RCS. The resulting
decrease in RCS boron concentration adds positive reactivity to the core.
Assuxing dilution continues at the maximum possible rate, 50 minutes would

elapse before the core becomes critical.
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The success path is as follows:

Reactivity Control:

The operator is alerted to a decrease in the reactor coolant system (RCS)

boron concentration either through a hign neutron flux alarm on the startup

flux channel, sampling, boronometer indicatioms, or boric acid flow rate. The

operator turns off the charging pump(s) and closes the letdown control valves

in order to halt further dilution. Next, the operator increases the RCS boron

concentration by implementing the emergency boration procedure for achieving

cold shutdown boron concentration.

A.

7.3 hAnalysis of Effects and Consequences

Mathematical Model

Assuming complete mixing of boron in the RCS, the rate of change of boron
concentration during dilution is described by the following equation.

Where: M = RCS mass
C = RCS boron concentration
W = Charging mass flow rate of unborated water
dC/dt is maximized by maximizing W and minimizing M. Assuming:
W = Constant, equal to the maximum possible value,

and choosing:

M = Constant, equal to the minimum value occurring during the boron

dilution incident,
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the solution of Equation (1) can be written

c(t) = C(o)e-t/ 4 (2)

Where: T = M/W = Boron dilution time constant

C(o) = Initial boron concentration

The time T required to dilute to criticality is given by

T= 1 1a5@ (3)
crit
Where: Cctit - Critical boron concentration

Input Parameters and Initial Conditions

It is assumed that the inadvertent deboration proceeds at the maximum
possible rate. For this to occur, all charging pumps uust be on, the
reactor makeup water tank must be aligned with the charging pump suction,
a reactor makeup water pump must be on, letdown flow must be diverted
from the volume control tank, and a failure in the boric acid makeup
water flow path (e.g., flow control valve FV-210Y failing in the closed

position) must terminate borated water flow to the charging pump suction.

Evaluation of ID events initiated during each of the six plant
operational modes (defined in the technical specifications) shows that
MODE 4 (hot shutdown) results in the shortest available time for
detection and termination of the event. Therefore, the initial
conditions and analysis parameters are chosen for the hot shutdown
operational mode to minimize the interval from initiation of dilution to
the time at which criticality is reached. The following are the analysis

assumptions for the ID event:
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1.

2.

3.

4.

5.

Complete mixing of boron within the RCS is assumed.

The technical specification lower limit on shutdown margin
for hot shutdown 1is assumed. The shutdown margin as
specified in the technical specifications can vary as a
function of reactor coolant cold leg temperature. The
minimum value of shutdown margin at the technical
specification lower limit of temperature range of MODE 4,
i.e.. 2'0°F, is 12 A p.

The cold reactor coolant system volume, excluding pressurizer
and surge line, is 12,016 fta. A conservatively low
reactor coolant mass was assumed by using the cold RCS
internal volume. Assuming the coolant temperature of 350°F,
the technical specification upper limit for hot shutdown, the

resulting mass is 667,927 lbm.

All three charging pumps are assumed to be on at tbheir
maximum rate; 44 gpm per pump, for a total of 132 gpm. The
corresponding mass flow rate, assuming cold liquid flow, is

18.36 lbm/sec.

The critical boron concentration, with all rods in except the
highest reactivity worth rod stuck out, and the inverse boron
worth are 752 ppm and 65 ppm/% A P, respectively, including
uncertainties for the hot shutdown conditions. The initial
subcritical boron concentration for the hot shutdown mode is
found by adding the product of the inverse boron worth and
the minimum shutdown margin (i.e., one percent) to the
critical boron concentration. The resulting minimum initial
boron concentration in MODE 4 is 817 ppm. Thus, the change
in boron concentration from 1% A P subcritical to critical is

65 ppm.
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The parameters discussed above are summarized in Table 7-1.

Results

Using conservative parameters as described above in Equation (3), the
minimum possible time interval to dilute from 1.0% Ap suberitical to
criticality is 50 minutes. Given the numerous indications of improper

operation and the high neutron flux alarm on the startup flux channel,

sufficient time is available to assure detection of a boron dilution

event at least 15 minutes prior to criticality. Boron dilutlon will then
be terminated before loss of shutdown margin by the operator actions

discussed in Section 7.2.

7.4 Conclusions

The inadvertent deboration event will result in acceptable consequences.
Sufficient time is available for the operator to detect and to terminate an
{inadvertent deboration event if it occurs. Fuel integrity is not challenged

during this event.




TABLE 7-1

ASSUMPTIONS FOR THE INADVERTENT DEBORATION ANALYSIS

Parameters Assumed Value

Cold RCS Volume (excluding pressurizer surge line),

ft 12,016
RCS Mass (excluding pressurizer and surge line), lbm 667,927
Volumetric Charging Rate, gpm 132
Mass Charging Rate, lbm/sec 18.36
Dilution Time Constant, T , sec 36,380
Initial Boron Concentration - C(o), ppm 817
Critical Boron Concentration = C.rit, ppm 752
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