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2. OPERATING HISTORY

The reference cycle for the nuclear and thermal-hydraulic analyses of Davis-
Besse Unit 1 is the recent.y completed cycle 5, which achieved criticality
on January 15, 1985. Power escalation began on Januar:’ 19, 1985 and reached
93% of full power (2772 MWt) on January 29, 1985. Normal operation
continued until shutdown on June 9, 1985 after a transient. After 18
months, in which numerous operations and plant design enhancements were
implemented, cycle 5 again achieved criticality on December 22, 1986. On
March 20, 1987 full power was reached.

During cycle 5 operation, no operating anomalies occurred that would ad-
versely affect fuel performance during cycle 6. The cycle 5 nominal design
and cycle 6 desired licensed lengths are 400 and 415 effective full power
days (EFPD), respectively. Cycle 6 was analyzed out to 405 EFPD and the
validity of tre Technical Specifications has been verified out to 415 EFPD.
Therefore, the resulting Technical Specification Limiting Conditions for
Operation accommodate cycle 6 operation through 415 EFPD. The APSRs were
pulled at 325 EFPD to increase the lifetime of cycle 5. The APSR pull
coupled with a power coastdown resulted in a cycle 5 length of approximately
395 EFPD. The cycle 6 design also includes an APSR pull and power
coastdown.

The cycle 6 design minimizes the number of fuel assemblies that are cross
core shuffled to reduce the potential for quadrant power tilt amplification.
The cycle 6 shuffle pattern is discussed in sectien 3.
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Table 6=1, T Joitatiitic Dacta: comdisd

Reactor Coolant System
Ratad Thermal Power level, Mwt

Nominal Core Exit Pressure, psia
Minimum Core Exit Pressure, psia
Reactor Coolant Flow, gpm

Nominal Vessel Inlet Coolant Temperature, (2) Of
Nominal Vessel Outlet Coolant Temperature,(3) ©f

Bypass Flow, %design
Power Distribution

Design Radial x Local Peaking Factor

Design Axial Flux Shape

Hot Channel Factors

Enthalpy Rise

Heat Flux

Flow Area
Cold Fuel Stack Height, (P) inches
Average Heat Flux, 10° Btu/hr-ft2
Maximum Heat Flux, 10° Btu/hr-ft?
DNER Parameters
Critical Heat Flux Correlation
Minimum DNBR, (at 102% FP)
Minimm DNBR, (at 112 %FP)

(@)100 sFP

(P) smallest value of all assemblies

(€)Based on densified stack height

—Cycle 5 _ COycle 6

2772 2772

2200 2200 %
2135 2135 *
387,200 380, 000 i
557.7 557.4

606.3 606.6

10.7 8.6

1.71 1.7

1.50 cosine  1.65
with tails  chopped

cosine

1.011 1.011

1.014 1.014

0.98 0.98

143.2 143.2

1.89(¢) 1.86
4.85(¢) 5.25

BAW-2 BAW-2

- 2.07

1.79 1.79
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to those calculated for this reload. Thus, the analysis and the LOCA limits
reported in reference 14 provide conservative results for the operation of
Davis-Besse Unit 1, cycle 6 fuel. A tabulation showing the bounding values
for allowable ILOCA peak IHRs for Davis-Besse Unit 1, cycle 6 fuel is
previded in Table 7-2.

It is concluded by the examination of cycle 6 core thermal, thermal-
hydraulic, and kinetics properties, with respect to acceptable previous
cycle values, that this core reload will not adversely affect the ability to
safely operate the Davis-Besse Unit 1 plant during cycle 6. Considering the
previously accepted design basis used in the FSAR and subsequent cyc.es, the
transient evaluation of cycle 6 is considered tc be bounded by previously
accepted analyses. The initial conditions of the transients in cycle 6 are
bounded by the USAR and/cr the fuel densification report.
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8. PROFOSED MODIFICATIONS TO TECHNICAL SPECIFICATIONS

The Technicali Specifications have been revised for cycle 6 operation to
account for changes in power peaking and control rod worths. The effects of
NUREG~0630 have been incorporated into the cperating limits. Figures 8-1
through 8-13 are revisions to the previous cycle Technical Specifications.
The setpoints shown in Table 8-1 may be changed by pending license
amendments, and such changes shall have no effect on the information shown
in this report. Based on these Technical Specifications the final
acceptance criteria ECCS limits will not be exceeded and the thermal design
criteria will not be violated.
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pgyg. psig

Figure 8-1. Reactor Core Safety Limit

(Tech,

Spec. Figure 2.1-1)
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Figure 8-2. Reactor Core Safety Limit
(Tech.Spec. Figure 2.1-2)

(-44.0,112.0) 4 PUMP LIMIT (33.0,112.0)
(-49.0,100.0) qr100
(-44,0,90.0) (33.0,90.0)
3 PUMP LIMIT (47.1,87.2) |
(-49.0,78.0) T !
(47.1,65.2) l
~ - 60
UNACCEPTABLE UNACCEPTABLE
OPERATION ACCEPTABLE OPERATION OPERATION
FOR SPECIFIED RC PuMpP
COMBINATION
= 40
<r20
L. 1 | 1 1 _J
-60 -40 -20 0 2( 40 60
-'«.l:-'«- 3?»\55 I"”:‘:»‘«_&H‘:E, %
Required Measured
Flow to Ensure
Pumps Operating Reactor Coolant Flow, gpm Compliance, gpm
4 380,000 389,500
3 283,860 290,957
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Table 8-1 Reactor Protection System Instrumentation Trip Setpoints

Functional unit
Manual reactor trip

High flux

N temperature

1
1)

{
fluwy/flow!

RC low pressure (1)

RC high pressure

RC pre »:::tln'w-[fﬂl’)r,ih_uh( 1)

High flux/mmber of RC pumps on(!)

Contaimment pressure high

(Tech. Spec. Table 2.2-1)
Trip setpoint

Not applicable.

<104.94% of RATED THERMAL

POWER with four pumps operating

<80.6% of RATED THERMAL POWER
with three pumps operating

<618°F

Four pump trip setpoint not to
exceed the limit line of
Figure 2.2-1. For three pump
operation, see Figure 2.2-1.
>1983.4 psig

<2300 psig

»(12.60 Ty OF - 5662.2) psig

<55.1% of RATED THERMAL POWER
with one pump operating in each loop

<0.0% of RATED THERMAL POWEFR with

two pumps operating in one loop and
no pumps operating in the other loop

<0.0 of RATED THERMAL POWER with no
pumps operating or only one pump
oprating

<4 psig

Allowab'e values
Not applicable.

<104.94% of RATED THERMAL
POWER with four pumps
perating#

<80.€% of RATED THERMAL
POWER with three pumps
operating#

<618CF#

Four pump allowable value not
to exceed the limit line of
Figure 2.2-1#. For three pump
operation, see Figure 2.2-1.

»1983.4 psig* »1983.4 psig**
<2300.0 psig* <2300.0 psig**
>(12.60 Tyt OF - 5662.2) psigh

<55.1% of RATED THERMAL POWER
with one pump operating in each
1oop#

<0.0% of RATED THERMAL PONER
with two pumps operating in one
loop and no pumps operating in
the other loop#

<0.0% of RATED THERMAL POWER
“ith no pumps operating or only

one , ap operating#

<4 psig#




Figure 8-3. Trip Setpoint for Flux --4 Flux/Flow
(Tech., Spec. Figure 2.2-1)
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}? Reactor Protection
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BASES

2.1.1 and 2.1.2 REACTOR CORE

The restrictions of this safety limit prevent overheating of the fuel
cladding and possible cladding perforati-n which would result in the release
of fismion products to the reactor coolant. Overheating of the fuel
cladding is prevented by restricting fuel operation to within the nucleate
boiling regime where the heat trarsfer coefficient is large and the cladding
surface temperature is slightly above the coolant saturation temperature.

Operation above the upper boundary of the nucleate boiling regime would
result in excessive cladding temperatures because of the onset of departure
from nucleate boiling (DNB) and the resultant sharp reduction in heat
transfer coefficient. DNB is not a directly measurable parameter during
operation and therefore THERMAL POWER and Reactor Coolant Teamperature and
Prescure have been related to DNB through the B&W-2 DNB correlation. The
DNE correlation has been developed to predict the DNB flux and the location
of INB for axially uniform and non-uniform heat flux distributions. The
local DNB heat flux ratic, DNBR, defined as the ratio of the heat flux that
would cause DNB at a particular ccre location to the local heat flux, is
irdicative of the margin to DNB.

The muinimum value of the DNBR during steady state oeration, normal
operational transients, and anticipated transients is limited te 1.30. This
value corresponds to a 95 percent probability at a 95 percent confidence
level that INB will nut occur and is chosen as an appropriate margin to [NB
for all operating conditions.

The curve presented in Figure 2.1-1 represents the ccrditions at which a
minimum DNB of 1.30 is predicted for the maximum possible thermal power of
112% when the reactor coolant flow is 380,000 GPM, which is approxinately
108% of design flow rate for four operating react r coolant pumps. (The
minimum required measured flow is 389,500 GPM.) This curve is based on the
following hot channel factors with potential fuel densification and fuel rod
bowing effects:

; N
Fo = 2.83; r-‘;H=1.71, r‘; 1.65

The design limit power peaking factors are the most restrictive calculated
at full power for the range frcm all control rods fully withdrawn to minimum
allowable control rod withdrawal, and form the core DNER design hasis.

Sabcock & Wilcox
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SAFETY LIMITS
BASES

The curves of Figure 2.1-2 are based on the more restrictive of two thermal
limits and account for the effects of potential fuel densification and
potential fuel rod bcw.

1. The 1.30 DNER limit produced by a muclear power peaking factor of Fq =
2.83 or the cambination of the radial peak, axial peak, and position of
the axial peak that yields no less than a 1.30 INER.

2. The combination of radial and axial peak that causes central fuel
melting at the hot spot. The limits are 22.0 kW/ft for batch 1F and
20.5 kW/ft for batches 6, 7, ard 8.

Power peaking is not a directly cbservable quantity and therefore limits
have been established on the basis of the reactor power imbalance produced
by the power peaking.

The specified flow rates for the two curves of Figure 2.1-2 correspond to
the analyzed minimum flow rates with four pumps and three purps,

respectively.

The curve of Figure 2.1-1 is the most restrictive of all possible reactor
coolantplmp-ﬂnanmmthemalmrombmnmssrwnmm}ShngI
The curves of BASES Fijures 2.1 represent the conditions at which a minimum
INBR of 1.30 is predicted at the maximum possible thermal power for the
number of reactor coolant pumps in operation or the local quality at the
point of minimm DNBR 1s egqual to +22%, whichever condition is more
restrictive. These curves include the potential effects of fuel rod bow and
tuel densification. ]

p e |
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SAFETY LIMITS
BASES

For the curve of BASES Figure 2.1, a pressure-tamperature point above and to
the left of the curve would result in a DNBR greater than 1.30 or a local
quality at the point of minimum DNBR less than +22% for that particular
reactor coolant pump situation. The 1.30 INER curve for three pump
operation is less restrictive than the four pump curve.

2.1.3 REACTOR QOOLANT SYSTEM PRESSURE

The restriction of this Safety Limit protects the integrity of the Reactor
Coolant System from overpressurization and thereby prevents the release of
radioruclides contained in the reactor coolant from reaching the contairment

atmosphere.,

The reactor pressure vessel and pressurizer are designed to Sectinsn III of
the ASME Boiler and Pressure Vessel Code which permits a maximm transient
pressure of 110%, 2750 psig, of design pressure. The Reactor Coolant System
piping, valves and fittings, cre designed to ANSI B 31.7, 1968 Editior,
which permits a maximm transient pressure of 110%, 2750 psig, of camponent
design pressure. The Safety Limit of 2750 psig is therefore consistont
with the design criteria and associated code requirements.

The entire Reactor Coolant System is hydrotested at 3125 psig, 125% of
design pressure, to demonstrate integrity prior to initial operatiaon.

w

@ N
!
;o W
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BASES

RC High Temperature
The RC high temperature trip <618°F prevents the reactor outlet temperature

fraom exceeding the design limits and acts as a backup trip for all power
excursion transients.

Flux — AFlux/Flow

The power level trip setpoint produced by the reactor coolant system flow iv
based on a flux-to-flow ratio which has been established to accammodate flow
decreasing transients fram high power where protection is not provided by
the high flux/mumber of reactor coolant pumps on trips.

The power level trip setpoint produced by the power-to~flow ratio provides
both high power level and low flow protaction in the event the reactor power
level increases or the reactor coolant flow rate decreases. The power level
setpoint produced by the power-to-flow ratio provides overpower DNB
protection for all modes of pump operation. For every flow rate there is a
maximum permissible power level, and for every power level there is a
minimm permissible low flow rate. Examples of typical power level and low
flow rate cambinations for the pump situations of Table 2.2-1 that would
result in a trip are as follows:

1. Trip would occur when four reactor coolant pumps are operating if power
is 108.0% and reactor coolant flow rate is 100% of full flow rate, or
flow rate is 92.59% of full flow rate and power level is 100%.

2. Trip would occur when three reactor coolant pumps are operating if. power
is 80.68% and reactor conlant flow rate is 74.7% of full flow rate, or
flow rate is 69.44% of full flow rate and power is 75%., Note that the
value of 80.6% in Figure 2.2-1 was truncated from the calculated value
of 80.68%.

used. Full flow rate in the above two examples is defined as the flow
calculated by the heat balance at 100% power. At the time of the
calibration the RCS flow will be greater than or equal to the value in Table
3-2'2-

8-9 Babcock & Wilcox
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Figure 8-4.

Pressure/Temperature Limits at Maximum
Allowable Power for Minimum DNBR
(Tech. Spec. Bases Figure 2.1)
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(636.3,2159.8)
4
(633.4,2129.8) »/
2100 b= /
4 Pump
2000 k= :C:E:TABLE /
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Pumps Flow, gpm Power Compliance, gpm
3 380,000 112% 389,50v
3 283,860 90.5% 290,957
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REACTIVITY CONTROL SYSTEMS
BORATED WATER SOURCES = SHUTDOWN
LIMITING CONDITION FOR OPERATION

3.1.2.8 As a minimum, one of the following borated water sources shall be
OPERABLE:

a. A boric acid addition system with:
1. A minimum available borated water volume of 600 gallons,
2. Between 7875 and 13,125 ppm of boron, and
3. A minimum solution temperature of 105°F.
b. The borated water storage tank (BWST) with:
1. A minimum available borated water volume of 3,000 gallons,
2. A minimum boron concentration of 1800 ppm, and
3. A minimum solution temperature of 35°F,
APPLICABIIITY: MODES S and 6.
ACTION:
With no borated water sources OPERABLE, suspend all operaticns involving
CORE ALTERATION or positive reactivity changes until at least one borated
water source is restored to OPERABLE status.

SURVEILIANCE REQUTREMENTS

4.1.2.8 The above required borated water source shall be demc.astrated
OPERABLE:

a. At least once per 7 days by:
1. Verifying the boron concentration of the water,

2. Verifying the available borated water volume of the source, and

3/4 1-14
g-11
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REACTIVITY CONTROL SYSTEMS
BORATED WATER SOURCES - OPERATING
LIMITING CONDITION FOR OPERATION

3.1.2.9 Each of the following borated water sources shall be OPERABLE:
a. The boric acid addition system with:

1. A minimum available borated water volume in accordance
with Figure 3.1-1,

2. Between 7875 and 13,125 ppm of boron, and
3. A minimm solution temperature of 105°F,
b. The borated water storage tank (BWST) with:

1. An available borated water volume of between 482,778 and
550,000 gallons,

2. Between 1800 and 2200 ppm of boron, and
3. A minimm solution temperature of 35°F.

APPLICABIIITY: MODES 1, 2, 3 ard 4.

ACTION: a. With the boric acid addition system inoperable, restore the
storage system to OPERABLE status within 72 hours or be in at
least HOT STANDBY and borated to a SHUTDOWN MARGIN equivalent
to 1% ak/k at 200°F within the next 6 hours; restore the boric
acid addition system to OPERABIF status within the next 7 days
or be in COLD SHUTDOWN within the next 30 hours.

b. With the borated water ctorage tank inoperable, restore the
tank to OPERABLE status withir. one hour or be in at least HOT
STANDBY within the next 6 hours and in OOLD SHUTDOWN within
the following 30 hours.

3/4 1-16
Babcock & Wilcox
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REACTIVITY CONTROL SYSTEMS
SURVEILIANCE RPQUTREMENTS

4.1.2.9 Each borated water source shall be demonstrated OPERABIE:
a. At least once per 7 days by:
1. Verifying the boron concentration in each water source,

2. Verifying the available borated water volume of each water
source, and

3. Verifying the boric acid addition system solution temperature.

b, At least once per 24 hours by verifying the BWST temperature when
the outside air temperature is < 35°F.

3/4 1-17
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Available Boric Acid Volume, gallons
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Figure 8-5, Minimum Boric Acid Tank Available Volume as
Function of Stored Boric Acid Concentration-

Davis-Besse 1 (Tech. Spec.

Figure 3.1-1)
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REGULATING ROD INSERTION LIMITS
LIMITING CONDITION FOR OPERATION

3.1.3.6 The regulating rod groups shall be limited in physical insertior as
shown on Figures 3.1-%a, and -2b, and 3.1-3a, and -3b. A rod group overlap
of 25 +5% shall be maintained between sequential withdrawn groups 5, 6, and
s

APPLICABILITY: MODES 1* and 2+f.
ACTION

With the regulating rod groups inserted beyond the above insertion limits
(in a region other than acceptable operation), or with any group sequence or
overlap outside the specified limits, except for surveillance testing
pursuant to Specification 4.1.3.1.2, either:

a. Restore the regulating groups to within the limits within 2 hours, or

b. Reduce THERMAL POWER to less than or equal to that fraction of RATED
THERMAL POWER which is allowed by the rod group position using the above
figures within 2 hours, or

C. Be in at least HOT STANDBY within 6 hours.

NOIE: If in unacceptable region, also see Section 3/4.1.1.1.

*See Special Test Exception 3.10.1 and 3.10.2.
#With kesse > 1.0.

-26
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Figure 8-6. Regulating Group Position Limits, O to 32510 EFPD,
Four RC Pumps -- Davis-Besse 1, Cycle 6

(Tech, Spec. Figure 3.1-2a)
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Power (Percent of RATED THERMAL POWER)

Figure 8-7,

Regulating Group Position Limits After 325210 EFPD,
Four RC Pumps, APSRs Withdrawn -- Davis-Besse 1,
Cycie 6, (Tech, Spec. Figure 3.1-2b)
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Figure 8-8. Regulating Group Position Limits, O to 325+10 EFPD,
Three RC Pumps -- Davis-Besse 1, Cycle &
(Tech, Spec. Figure 3.1-3a)
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Figure 8-10. Control Rod Core Locations and Group
Assignments -- Davis Besse 1, Cycle 6
(Tech Spec. Fiqurex 3.1-4)
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REACTIVITY CONTROL, SYSTEMS

AXTAL POWER SHAPING ROD INSERTION LIMITS

LIMITING CONDITION FOR OPERATION

3.1.3.9 The axial power shaping rod group shall be limited in physical
insertion as shown on Figures 3.1-5a, -5b, and =5c.

APPLICABITITY: MODES 1 and 2*.

ACTION

With the axial power shaping rod group outside the above insertion limits,
elther:

a. Restore the axial power shaping rod group to within the limits within 2
hours, or

Reduce THERMAL POWER to less than or equal to that fraction of RATED
THERMAL POWER which is allowed by the rod group position using the above
figures within 2 hours, or

c. Be in at least HOT STANDBY within 6 hours.

SURVEILIANCE REOUTREMENTS

4.1.3.9 The position of the axial power shaping rod group shall be
determined to be within the insertion limits at least once every 12 hours
except when the axial power shaping rod insertion limit alarm is inoperable,
then verify the Jraup t» be within the insertion limit at least once every 4
hours.

Babcock & Wilcox
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3/4.2 FPOWER DISTRIBUTION LIMITS

AXTAL POWER IMBAIANCE

LIMITING CONDITION FOR OPERATION

3.2.1 AXIAL POWER IMRAIANCE shall be maintained within the limits shown on
Figures 3.2~1 and 3.2-2.

APPLICABIIITY: MODE 1 above 40% of RATED THERMAL POWER., *
ACTION
With AXTAL POWER IMBAIANCE exceeding the limits specified above, either:

a. Restore the AXIAL POWER IMBAIANCE to within its limits within 15
mimrtes, or

Within one hour reduce power until imbalance limits are 1
RATED THERMAI, POWER oOr less.

The AXIAL POWER IMBAIANCE shall pe determined to be within limits at
least once every 12 hours when above 40% of RATED TH"RMAL POWER except when

the AXTAL POWER TMBAIANCE alarm 1s incperable, then calculate the AXIAL
POWER IMBAIANCE a. least once per haur.

Babcock & Wilcox
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QUADRANT FPOWER TILT
LIMITING CONDITION FOR OPERATTION

3.2.4 THE QUADRANT POWER TILT shall not exceed the Steady State Limit of
Table 3.2-1.

APPLICABILITY: MODE 1 above 15% of RATED THERMAL POWER. *

ACTION:

a. With the QUADRANT POWER TILT determined to exceed the
State Limit but less than or equal to the Transient Limit of
Table 3.2-1. '

1. Within 2 hours:

a) Either reduce the QUADRANT POWER TILT to within its
Steady State Limit, or

b) Reduce THERMAL POWER so0 as not to exceed THERMAL
POWER, including power level cutoff, allowable for the
reactor cooclant pump cambination less at least 2% for
each 1% of QUADRANT FOWER TILT in excess of the Steady
State Limit and within 4 hours, reduce the High Flux
Trip Setpoint and the Flux-A Flux-Flow Trip Setpoint
at least 2% for each 1% of QUADRANT POWER TILT in
excess of the Steady State Limit.

Verify that the QUADRANT POWI @ TILT is within its Steady
State Limit within 24 hours after exceeding the Steady
State Limit or reduce THITMAL POWER to less than 60% of
THERMAL POWER allowable for the reactor coolant purp
cambination within the next 2 hours and reduce the High
Flux Trip Setpoint to < 65.5% of THERMAL POWER allowable
for the reactor coclant pump cambination within the next 4
hours.

[ 8]

3. Identify and correct the cause of the out of limit
cordition prior to increasing THERMAL POWER;
FOWER OPERATION above 60% of THERMAL POWER allowable for
the reactor cocolant pump cambination may proceed provided
that the QUADRANT POWER TILT is verified within its Steady
State Limit at least once per hour for 12 hours or until
verified acceptable at 95% or greater RATED THERMAL POWER.

See Special Test Exception 3.10.1.
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POWER DISTRIBUTION LIMITS

LIMITING OONDITION FOR OPERATION (Continued)

With the QUAIRANT POWER TIIT determined to exceed the
Iransient Limit but less than the Maximum Limit of Table 3.2-1
due to misaligrnment of either a safety, regulating or axial
power shaping rod:

Reduce THERMAL POWER at least 2% for each 1% of indicated
QUADRANT POWER TILIT in excess of the Steady State Limit

within 30 minutes.

Verify that the QUADRANT POWER TTIT is within its
Transient Limit within 2 hours after exceeding the
“.'21"<‘1er.t Limit or reduce THERMAL POWER to less than 60%
of THERMAL POWER allowable for the reactor coolant pump
carbination within the next 2 hours and reduce the High
Flux Trip Setpoint to < 65.5% of THERMAL POWER allowable
for the reactor coolant pump cambination within the next 4
IUTrS.

Identify and correct the cause of the out of limit
cordition prior to increasing THERMAL POWER; subsequent
FOWER OPERATION above 60% of THERMAL POWER allowable for
the reactor coolant pump cambination may proceed provided
that the QUADRANT POWER TIIT is verified within its Steady
State Limit at least once per hour for 12 hours or until
verified acceptable at 95% or greater RATED THERMAL POWER.

With the QUADRANT POWER TIILT determined to exceed the
Transient Limit but less than the Maximim Limit of Table 3.2-1
fue to causes other than the misaligmment of either a safety,
equlating or axial power shaping rod:

Reduce THERMAL POWER to less than 60% of THERMAL POWER
allowable for the reactor coolant pump cambination within
2 hours and reduce the High Flux Trip Setpoint to < 65.5%
of THERMAL POWER allowable for the reactor coolant pump
cambination within the next 4 hours.

Identify and correct the cause of the out of limit

condition prior to increasing THERMAL POWER; su uent
POWER OPERATION above 60% of THERMAL 'O« FR allowable for
the ma.:t:r coolant pump cambination may proceed provided
that the POWER TILT 1s verifl ou '.“h; 1 1ts Steady

least once per hour for 12 hours or

or greater RATED THERMAL POW r]«.

Wivdd
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POWER DISTRIBUTION LIMITS

LIMITING CONDITION FOR OPERATION (Continued)

(Continued)
With the QUADRANT POWER TILT determined to exceed the Maximum
Limit of le 3.2-1, reduce THERMAL POWER to < 15% of RATED
THERMAL POWER within 2 hours.

SURVEITIANCE REOUTREMENTS

4.2.4 The QUADRANT FOWER TIIT shall be determined to be within the
limits at least once every 7 days during operation above 15% of
RATED THERMAL POWER except when the QUADRANT POWER TIIT alarm is
inoperable, then the QUADRANT POWER TILT shall be calculated at
least once per 12 hours.

Babcock & Wilcox
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POWER DISTRIBUTTION LIMITS

LB _PARAMETERS

LIMITING CONDITION FOR OPERATION

The following INB related parameters shall be maintained within
the limits shown on Table 3.2-2.

a. Reactor Coolant Hot leg Temperature
b. Reactor Coolant Pressure
c. Reactor Coolant Flow Rate

APPLICABITITY: MODE 1

" parameter a or b above exceeds its limit, restore the parameter to within
imit within 2 hours or reduce THERMAL POWER to less than 5% of RATED
MAL POWER within the next 4 hours.

If parameter ¢ exceeds its limit, either:
Restore the parameter to within its limit within 2 hours, or

Limit THERMAL POWER at least 2% below RATED THERMAL POWER for each 1%
parameter ¢ is outside its limit for four pump operaticn with’s the next
4 hours, or limit THERMAL POWER at least 2% bhelow 75% of RATED THERMAL
POWER for each 1% parameter c is outside its limit for 3 pump operation
within the next 4 hours.

SURVEITIANCE REQUTREMENTS

Each of the parameters of Table 3.2-2 stall be verified to be
within their limits at least once per 12 hours.

The Reactor Coolant System total flow rate shall be determined to
be within its limit by measurement at least once per 18 months.

Babcock & Wilcox
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Table 8-3, DNB Margin
(Tech. Spec. Table 3.2-2)

Required Required
Measured Parameters Measured Parameters
with with
Four Reactor Three Reactor
Coolant Pumps Coolant Pumps
Parameter Operating Operating

Reactor Coolant Hot Leg < < 610(1)
Temperature TyCF

Reactor Coolant Pressure, psxg(m

fotde larnt Flow . 3)
Reactor Coclant Flow Rate, q;n( /

(1)Applicable to the loop with 2 Reactor Coolant Pumps Operating.

(2)Limit not applicable during either a THERMAL POWER ramp increase in

excess of 5% of RATED THERMAL POWER per mimute or a THERMAT POWER step
increase of greater than 10% of RATED THERMAL POWER.

(3)These minimm required measured flows include a flow rate uncertainty of
2.5%, and are based on A miniram of 52 lumped burnable poison rod
assemblies in place in the core.

Babcock & Wilcox
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( . Spec. Table 4. 3-1)

Functional Unit
1. Manual Reactor Trip
2. High Flux
3. RC High Temperature
4. Flux - AFlux - Flow
5. RC Low Pressi:e
6. RC High Pressure
w 7. RC Pressure-Temperature
g; 8. mFW of Reactor Coolant
~ 9. Containment High Pressure
0. Intermediate Rang2, Neutron Flux
and Rate
11. Source Range, Neutron Flux and Rate
12. Control Rod Drive 'Irip Breakers
13. Reactor Trip Module logic
14. Shutdown bypass High Pressure

Auedwod Nowia) O e

XOJ|IM 7 ¥200qeq

Channel

Channel Channel Functional
heck CGaiibration —Test
N.A. N.A. S/U(1)
S D(2), ana Q(7) M
S R M
S(4) M(3) ad Q(7,8) M

IS M
S R M
S R M
S R M
s R M
S R(7) S/U(5) (1)
S R(7) M and S/U(1) (5)
N.A. N.A. M and S/U(1)
N.A. N.A. M
S R M

N.A.
3,2
1,2
1,2
iyl
1,2
1.2
i 0

2.4
1,2 and*

2,3,4 and 5
1,2 and*
1,2 and*

2%k Jhk 4ak Sk



(1) =
(2) -
Q) -

(4) -
(5) =

(7) =
(8) =

L

If not performed in previous 7 days.

Heat balance only, ahove 15% of RATED THERMAL POWER.

Wnen THERMAL POWER (TP) is above 50% of RATED THERMAL POWER [RTP)
and at steady state, campare ocut-of-core measured AXIAL FOWER

IMEAIANCE (API;) to incore measured AXTAL FOWER IMBALANCE (APIy) as
follows:

%:E (APIo = API) _ offeet Error

Recalibrate if the absclute value of the Offset Error is > 2.5%.
AXTAL POWER IMBAIANCE and loop flow indications only.

Verify at least one decade overlap if not verified in previous 7
days.

Neutron detectors may be excluded from CHANNEL CALIBRATION,
Flow rate measurement sensors may be excluded from CHANNEL

CALIERATION. However, each flow measurement sensor shall be
calibrated at least once per 18 months.

With any control rod drive trip breaker closed.
When Shutdown Bypass is actuated.

3/4 3-8
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STARIUP AND POWER OPERATION
LIMITING CONDITION FOR OPERATION

3.4.1.1 Both reactor coolant loops and both reactor coolant pumps in each
loop shall be in operation.

APPLICABILITY: MODES 1 and 2+,
ACTION:

a. With one reactor coolant pump not in operation, STARIUP and POWER
OPERATION may be initiated and may proceed provided THERMAL POWER is
restricted to less than 80.6% of RATED THERMAL POWER and within 4 hours
the setpoints for the following trips have been reduced in accordance
with Specification 2.2.1 for operation with three reactor coolant pumps
operating:

1. High Flux
- Flux=AFlux-Flow

SURVEILIANCE REQUIREMENTS

4.4.1.1 The above required reactor coolant loops shall be verified to be
in operation and circulating reactor coolant at least once per 12
hours.

4.4.1.2 The Reactor Protection System trip setpoints for the
instrumentation channels specified in the ACTION statement above
shall be verified to be in accordance with Specification 2.2.1 for
the applicable number of reactor coolant pumps operating either:

a. Within 4 hours after switching to a three pump combination if
the switch is made while operating, or

b. Prior to reactor criticality if the switch is made while
shutdown.

*Sce Special Test Exception 3.10.3.

w5, Babcock & Wilcox
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BORATED WATER STORAGE TANK
LIMITING CONDITION FOR OPERATION

3.8:4 The borated water storage "ank (BWST) shall be operable with:

a. An available borated tater volume of between 482,778 and
550,000 gallons,

L. Between 1800 and 2200 ppm of boron, ard
¢. A minimm water temperature of 35°F.

APPLICABITITY: MODES 1. 2, 3 and 4.
ACTION:
With the boraled water storage tank inoperable, restore the tank to OPERABLE

status within one hour or be in at least HOT STANDBY within the next 6 hours
and in OOLD SHUTDOWN within the following 30 hours.

SURVELLIANCE REQUIREMENTS

4.5.4 The SWST shall pe demonstrated OPERABLE:
a. At least once per 7 days by:
1. Verifying the available borated water volume in the tank,
2. Verifying the boron concentration of the water. |

b. At least once per 24 hours by verifying the water temperature
when autside air temperature <35°F.

Rabcock & Wilcox
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BASES

3/4.1.1.4 MINTMM TEMPERZTURE FOR CRITICALITY

This specification ensures that the reactor will not be made critical with
the reactor coolant system average temperature less than 525°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, (3) the pressurizer is capable of
being in an OPERABIE status with a steam bubble, and (4) the reactor
pressure vessel is above itsminimmkrmtarpemmre.

3/4.1.2. BORATION SYSTEMS

l
|
\
The boron injection system ensures that negative reactivity control is |
available during each mode of facility operation. The camponents required
to perform this function include (1) borated water sources, (2) makeup or
DHR pumps, (3) separate flow paths, (4) boric acid pumps, (5) associated
heat tracing systems, and (6) an emergency power supply fram operable
emergency busses.

With the RCS average temperature above 200°F, a minimm of two separate and
redundant boron injection systems are provided to ensure single functional
capability in the event an assumed failure renders one of the systems
incperable. Allowable out-of-service periods ensure that minor camponent
repair or corrective action may be campleted without undue risk to overall
facility safety fram injection system failures during the repair pericd.

The boration capability of either system is sufficient to provide a SHUTDOWN
MARGIN fram all operating conditions of 1.0% aAk/k after xenon decay and
cooldown to 200°F. The maximum boration capability requirement occurs from
full power equilibrium xenon corditions and requires the ecuivalent of
either 7373 gallons of 8742 ppm borated water fram the boric acid storage
tanks or 52,726 gallons of 1800 prm borated water from the borated water

storage tsnk.

The requirement for a minimum available volume of 482,778 gallons of boratad [
water in the borated water storage tank ensures the capability for borating

the RCS to the desired level. The specified quantity of borated water is
consistent with the ECCS requirements of Specification 3.5.4: therefore, the
larger volume of borated water is specified.

With the RCS temperature below 200°F, one injection system is acceptable
without single failure consideration on the basis of the

B 3/4 1-2
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BASES

3/4.1.2 BORATION SYSTEMS (Continued)

stable reactivity condition of the reactor and the additional rest-ictions
prohibiting CORE ALTERATIONS and positive reactivity change in the event the
single injection system becames inoperable.

The boron capability required below 200°F is sufficient to provide a
SHUTDOWN MARGIN of 1% ak/k after xenon decay and cooldown from 200°F to
70°F. This condition requires either 600 gallons of 7875 ppm borated water
fram the boric acid storage system or 3,000 gallons of 1800 ppm borated
water fraom the borated water storage tank.

The bottam 4 inches of the borated water storage tank are not available, and
the instrumentation is calibrated to reflect the available volume. All
boric acid tank volume is available. The limits on contained water volume,
arnd boron concentration ensure a pH value of between 7.0 and 11.0 of the
solution recirculated within contairment after a design basis accident. The
pH band minimizes the evolution of iodine and minimizes the effect of
chloride and caustic stress corrosion cracking on mechanical systems and
camponents.

The OPERABILITY of one borun injection system during REFUELING ensures that
this system is available for reactivity control while in MODE 6.

3/4.1.3 MOVABLE CONTROL ASSEMBLIES

The specifications of this section (1) ensures that acceptable. power
distribution limits are maintained, (2) ensure that the minimum SHUTDOWN
MARGIN is maintained, and (3) limit the potential effects of a rod ejection
accident. OPERABILITY of the control rod pesition indicators is required to
determine control rod positions and thereby ensure campliance with the
control rod aligmment and insertion limits.

The ACTION statements which permit limited variations from the basic
requirements are accarpanied by additional restrictions which ensure that
the original criteria are met. For example, misaligrment of a safety or
requlating rod requires a restriction in THERMAL POWER. The reactivity
worth of a misaligned rod is limited for the remainder of the fuel cycle to
prevent exceeding the assumptions used in the safety analysis.

The position of a rod declared inoperable due to misaligrment should not be
included in computing the average group position for determining the
OPERABILITY of rods with lesser misaligrments.
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EMERGENCY QORE COOLING SYSTEMS
BASES

With the RCS temperature below 280°F, one OPERABLE ECCS subsystem is
acceptable without single failure consideration on the basis of the stable
reactivity condition of the reactor and the limited ocore cooling

requirements.

The Surveillance Requirements provided to ensure OPERABIIITY of each
camponent ensures, that, at a minimum, the assumptions used in the safety
analyses are met and that subsystem OPERABILITY is maintained. The decay
heat removal system leak rate surveillance requirements assure that the
leakage rates assumed for the system during the recirculation phase of the
low pressure injection will not be exceeded.

Surveillance requirements for throttle valve position stops and flow balance
testing provide assurance that proper BECCS flows will be maintained in the
event of a IOCA. Maintenance of proper flow resistance and pressure drop in
the piping system to each injection point is necessary to: (1) prevent
total pump flow from exceeding runout conditions when the system is in its
minimum resistance configuration, (2) provide the proper flow split between
injection points in accordance with the assumptions used in the ECCS-LOCA
analyses, and (3) provide an acceptable level of total BCCS flow to all
injection points equal to or above that assumed in the BECCS-IOCA analyses.

3/4.5.4 BORATED WATER STORAGE TANK

The OPERABILITY of the borated water storage tank (BWST) as part of the ECCS
ensures that a sufficient supply of borated water is available for injection
by the BECCS in the event of a [OCA. The limits on BWST minimm volume and
boron concentration ensure that 1) sufficient water is available within
containment to permit recirculation cooling flow to the core, and 2) the
reactor will remain subcritical in the cold condition following mixing of
the BWST and the RCS water volumes with all control rods inserted except for
the most reactive control assembly. These assumptions are consistent with
the IOCA analyses.

The bottam 4 inches of the borated water storage tank are not available, and
the instrumentation is calibrated to reflect the available volume. The
limits on contained water volume, and boron concentration ensure a pH value

cf between 7.0 and 11.0 of the solution sprayed within contairment after a
design basis accident. The pH band minimizes the evolution of iodine and 1
minimizes the effect of chlcride and caustic stress corrosion cracking on
mechanical systems and camponents.
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DESIGN FEATURES

5.2.2 The reactor contairmment building is designed and shall be maintained
for a maximum internal pressure of 40 psig and a temperature of 264°F,

2.3 REACTOR CORE
FUEL ASSEMBLIES

5.3.1 The reactor core shall contain 177 fuel assemblies with each fuel
assembly containing 208 fuel rods clad with Zircaloy-4. Each fuel rod shall
have a nominal active fuel length of 144 inches and contain a maximm total
weight of 2500 graws uranium. The initial core loading shall have a maximum
enrichment of 3.0 weight percvent U-235. Reload fuel shall be similar in
physical design t« the initial core loading and shall have a maximum
enrichment of 3.3 weight percent U-235,

CONTROL, RODS

5.3.2 The reactor core shall contain 53 safety and regulating and 8 axial
power shaping (APSR) control rods. The safety and regulating control rods
shall contain a naminal 134 inches of abscorber material. The nominal values
of absorber material shall be 80 percent Silver, 15 percent Indium and 5
percent Cadmium., All control rods shall be clad with stainless steel
tubing. The APSRs shall contain a nominal 63 inches of absorber material at
their lower ends. The absorber material for the APSRs shall be 100%
Inconel-600.

2.4 REACTOR CUOLANT SYSTEM

DESIGN PRESSURE AND TEMPERATURE
5.4.1 The reactor coolant system is designed and shall be maintained:
a. In accordance with the code requirem:nts specified in Section 5.2
of the FSAR, with allowance for normal degradation pursuant to
applicable Swveillance Requirements.

b. For a pressure of 2500 psig, and

c. For a temperature of 650°F, except for the pressurizer and
pressurizer curge line which is 670°F.
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9. STARIUP PROGRAM - FHYSICS TESTING

The planned startup test program associated with core perforrm-nce is
outlined below. These tests verify that core performance is within the
assumptions of the safety analysis and provide informaticn for continued
safe operation of the unit.

9.1. Precritical Tests

92.1.1. Control Rod Trip Test

Precritical control rod drop times are recorded for all control rods; at hot
full-flow conditions before zero power physics testing hegins. Acceptance

criteria state that the rod drop time from fully withdrawn to 75% inserted
shall be less than 1.58 seconds at the conditions above.

It should be noted that safety analysis calculations are based on a rod drop
from fully withdrawn to two-thirds inserted. Sirce the most accurate
position indication is obtained from the zone reference switch at the
75%-inserted position, this position is used instead of the two-thirds
inserted position for data gathering.

2.1.2. RC Flow

Reactor coolant flow with four RC pumps running will be measured at hot
standby conditions. Acceptance criteria require that the measured flow be
within allowable limits.

2.2. Zero Power Physics Tests

9,2.] vitical ; .

Once initial criticality is achieved, equilibrium boron is obtained and the
critical boron concentratior determined. The critical boron concentration
is calculated by correcting for any rod withdrawal required to achieve the
all rods out equilibrium boron. The acceptance criterion placed on

critical boron concentration is that the actual boron concentration must be
within + 100 ppm boron of the predicted value.
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9.2.2,  Temourdt Reactivity Coefficient

The isothermal HZP temperature coefficient is measured at approximately the
all-rods-out configuration. During changes in temperature, reactivity
feedback may be compensated by control rod movement. The change in
reactivity is then calculated by the summation of reactivity associated
with the temperature change. Acceptance criteria state that the measured
value shall not differ from the predicted value by more than + 0.4x1072%%

sk/k/CF.

The moderator coefficient of reactivity is calaulated in conjunction with
the temperature coefficient measurement. After the temperature coefficient
has been measured, a predicted value of fuel Doppler coefficient of
reactivity is subtracted to obtair the moderator coefficient. This value
must not be in excess of the acceptance critevia limit of +0.9x1072%
Ak/K/CF.

Control rod group reactivity worths (groups 5, 6, and 7) are measured at hot
zero power conditions using the boron/rod swap method. This technigue
consists of establishing a deboration rate in the reactor coolant system and
campensating for the reactivity changes from this deboration by inserting
control rod groups 7, 6, and 5 in incremental steps. The reactivity changes
that occur during these measurements are calculated based on reactimeter
data, and differential rod worths are obtained from the measured reactivity
worth versus the change in rod group position. The differential rod worths
of each of the controlling groups are then summed to cbtain integral rod
group worths, The acceptance criteria for the control bank group worths
are as follows:

1, Individual bank 5, 6, 7 worth:

\predicted value - measured value
| o l x 100 < 15

2. Sums of groups 5, 6, and 7:

predicted value - measured value
] measured value X W05

The boron reactivity worth (differential boron worth) is measured 'y
dividing the total inserted rod wcrth by the boron change made for the rxd

9-2
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worth test. The acceptance criterion for measured differential boron worth
is as follows:

X 100 < 15

The predicted rod worths and differential boron worth are taken from the
PIM.

9.3. Power Escalation Tests

2.3.1. Core Symmetry Test

The purpose of this test is to evaluate the symmetry of the core at low
power during the initial power escalation following a refueling. Symmetry
evaluation is based on incore quadrant power tilts during escalation to the
intermediate power level. The core symmetry is acceptable if the absolute
values of the quadrant power tilts are less than the error adjusted alarm
limit.

9.3.2. Core Power Dlstrm:txw Verification at Intermediate Power lLevel
—(IPL) and 100% FP With Nominal Control Rod Position
Core power distribution tests are performed at the IPL and 100% full power
(FP). BEquilibrium xenon is estabiished prior to both the IPL and 100% FP
tests. The test at the IPL is essentially a check of the power distribution
in the core to identify any abnormalities before escalating to the 100% FP
plateau. Peaking factor criteria are applied to the IPL core power
distribution results to determine if additional tests or analyses are
required prior to 100% FP operation.

The following acceptance criteria are placed on the IPL and 100% FP tests:
1. The worst-case maximum LHR must be less than the LOCA limit.
2. The minimum DNER must be greater than the initial condition DNER limit.

3. The value obtained from extrapolation of the minimum DNER to the next
power plateau overpower trip setpoint must be greater than the initial
condition DNER limit, or the extrapolated value of imbalance must fall
outside the RPS power/imbalance/flow trip envelope.

4. The value cbtained from extrapolation of the worst-case maximum LHR to
the next power plateau overpower trip setpoint must be less than the
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fuel melt limit, or the extrapolated value of imbalance must fall
outside the RPS power/imbalance/flow trip envelope.

5. The quadrant power tilt shall not exceed the limits specified in the
Technical Specifications.

6. The highest measured and predicted radial peaks shall be within the
following limits:

MQJQLLWX 100 more positive than =5

7. The highest measured and predicted total peaks shall be within the
following limits:

} valis V X 100 more positive than -7.5

Items 1, 2, and 5 ensure that the safety limits are maintained at the IPL
and 100% FP.

Items 3 and 4 establish the criteria whereby escalation to full power may be
accomplished without exceeding the safety limits specified by the safety
analysis with regard to DNBR and linear heat rate.

Items 6 and 7 are established to determine if measured and predicted power
distributions are consistent.
9.3.3. Incore Vs. Excore Detector Imbalance

Correlation Verification at the IPL
Imbalances, set up in the core by control red positioning, are read
simultanecusly on the incore detectors ard excore power range detectors.
The excore detector offset versus incore detector offset slope must bhe
greater than 0.96. If this criterion is not met, gain amplifiers on the
excore detector signal processing equipment are adjusted to provide the
required gain.
9.3.4. Temperature Reactivity Coefficient at ~100% FP
The average reactor coolant temperature is decreased and then increased at
constant reactor power. The reactivity associated with each temperature
change is obtained from the change in the controlling rod group position.
Controlling rod group worth is measured by the fast insert/withdraw method.
The temperature reactivity coefficient is calculated from the measured

el Babcock & Wilcox

3 McDermott company



ivity and temperature xeptance criter
)

- & it

lculated

5
&

ower

Babcock & Wilcox




1@ 8t T

rmine Jln=reaCtol 2r'ma

rmance o 3EW c Cladding

AT
FAN™ L

) Do s W1 1 Ay .. e
rev., wW1lliCOX .

g m————
AW J L ;“\AI—

Virarinia

viryllhia,

Camparison of X hysics Calculations Measurement
Babcock Lynchburg, Virginia, June

February

Babcock & Wilcox

3 McDermott company




