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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This report presents an evaluation for the Diablo Canyon Unit 2, Cycle 2,

nuclear plant and demonstrates that the core reload will not adversely affect
the safety'f the plant. This evaluation was accomplished utilizing the

methodology described in WCAP-9273-A, "Westinghouse Reload Safety Evaluation

Methodology", Reference 1. For Cycle 2, the core design incorporates a change

in the allowable F<H as a function of power, a positive moderatorN

temperature coefficient (PMTC), and Relaxed Axial Offset Control (RAOC). NRC

approval has been received for .the PMTC Licensing Amendment, Reference 10. In ,

addition, NRC approval has behn recently received for RAOC, Reference 12.
I

Based upon the above referenced methodology, only those incidents comprising

the licensing basis, which could potentially be affected by this fuel reload

have been reviewed for the Cycle 2 design described herein. The justification
for the applicability of previous results is presented in Sections 3.1 and 3.2

of this report.

Evaluations/analysis for this RSE have considered plant operations with the

Boron Injection Tank (BIT) operable with a concentration of 20,000 ppm as

required by the Technical Specifications.

1.2 GENERAL DESCRIPTION

The Diablo Canyon Unit 2 reactor core consists of 193 fuel assemblies arranged

in the core loading pattern configuration shown in Figure l. During the Cycle

1/2 refueling, 68 fuel assemblies will be replaced with fresh Region 4A and 4B

fuel. A summary of the Cycle 2 fuel inventory is given in Table 1.
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Nominal core design parameters utilized for Cycle 2 are as follows:

Core Power (MWt)

System Pressure (psia)
Core Inlet Temperature ('F)
NSSS Thermal Design Flow (gpm)

Average Linear Power Density (kw/ft)

3411

2250

545.0

354,000

5.45*

The maximum Cycle 2 burnup at the end-of-full power capability (EOFPC)** is
predicted to be 14,350 MWD/MTU for the anticipated Cycle 1 burnup of 14,200

MWD/MTU.

1.3 CONCLUSIONS

Evaluations based on the current Diablo Canyon Technical Specifications have

concluded that the Cycle 2 core design does not satisfy the post-LOCA long

term core cooling requirement, if Cycle 1 burnup is less than 15250 MWD/MTU.

If the Cycle 1 burnup is less than 15250 MWD/MTU, then raising the minimum

Technical Specification boron concentration for the RWST to 2300 ppm and the

accumulators to 2200 ppm wi ll~eet the post-LOCA subcriticality requirement.

*Linear power density based on hot average fuel length (143.7 in.)

*"Definition with control rods fully withdrawn and approximately 0-10 ppm of
residual boron at the Cycle 2 3411 MWt rated reactor power conditions.

37511:6-870225





From the evaluation presented in this report, it is concluded that the Cycle 2

redesign does not cause the previously acceptable safety limits for any

incident to be exceeded. This conclusion is based on the following:

1. Cycle 1 shutdown at a burnup between'3,500 MND/MTU and 15,450 MMD/MTU;

2. Cycle 2 burnup is limited to a maximum burnup of 500 MHD/MTU beyond the
end-of-full power capability.

3. There is adherence to plant operating limitations given in the Technical

Specifications and the proposed changes given in Appendix A.
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2.0 REACTOR DESIGN

2.1 MECHANICAL DESIGN

The mechanical design of the Region 4A and 4B fuel assemblies is the same as

the Region 2 and 3 fuel assembl.ies, except for the use of (1) chamfered

pellets, (2) 4g plenum spring (3) 304L stainless steel top and mid-grid sleeve

material, (4) use of a fuel rod end plug with an internal gripper design, (5)

grid straps with strap and corner modifications, and (6) a bottom nozzle

reconstitution feature. These modifications are described below and do not

impact the safe operation of the Region 4A and 4B fuel assemblies.

(1) The Region 4A and 4B pellets will have a small chamfer at the outer

edge of the fuel pellet ends and a reduction in the dish diameter and

depth compared to the previous unchamfered fuel pellets. The chamfer

wi 11 improve pellet chip resistance during manufacturing and

handling. All fuel rod design criteria are satisfied.

(2) Region 4 fuel has a smaller rod plenum spring than was used in
previous fuel regions. This new spring design satisfies a change in

the non-operational 6g loading design criterion to "4g axial and 6g

lateral loading with dimensional stability." Notification of
Restinghouse's plans to generically incorporate this criterion change

and the justification of no unreviewed safety questions were

previously transmitted to the NRC via Reference ll. The reduced

spring force further reduces the already low potential for chamfered

pellet chipping in the fuel rod.

(3) The change in top and mid-grid sleeve material from 304 stainless
steel to 304L steel further reduces the already low potential for
stress corrosion cracking of the grid sleeves.
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(4) The bottom end plugs were modified with an internal gripper device to

facilitate rod insertion during fabrication and for post irradiation
rod removal.

(5) The grid straps were modified to prevent assembly hangup from grid
strap interference during fuel assembly removal. This was

accomplished by machining the grid strap corner geometry and the

addition of an extra tab on the outer grid strap.

(6) The bottom nozzle design has a reconstitution (nozzle removal) feature
that permits remote unlocking', removing and relocking of the thimble

screws as a new or the same bottom nozzle is reattached without
damaging the fidel assembl" integrity.

Table 1 compares pertinent design parameters of the various fuel regions. The

Region 4A and 4B fuel has been designed according to the fuel performance

model in Reference 3. The fuel is designed to operate so,that clad flattening
will not occur, as predicted by the Westinghouse model, Reference 4. For all
fuel regions, the fuel rod internal pressure design basis, which is discussed

and shown acceptable in Reference 5, is satisfied.

Westinghouse has had considerable experience with Zircaloy clad fuel. This

experience is extensively described in WCAP-8183, "Operational Experience with
Westinghouse Cores," Reference 6.

2.2 NUCLEAR DESIGN

The Cycle 2 core loading is designed to meet the F~ x P ECCS limit ofT

< 2,32 x K(Z) (Reference l5a) for a flux difference (hi) bandwidth during
normal op'eration conditions of +6, -13 percent hl. Appendix A contains the

K(Z) curve derived from the new small break LOCA analysis, Reference 15b,

having the traditional third line segment removed, Removal of the third line
segment allows greater flexibility in the design of cores.
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Relaxed Axial Offset Control (RAOC) including enhanced load follow and reduced

temperature return to power operating strategies will be employed in Cycle 2

to enhance operational flexibility. RAOC makes use of available margin by

expanding the allowable II band, particularly at reduced power. The RAOC

methodology and application is fully described in Reference 7. The analysis
for Cycle 2 indicates that no change to the safety parameters is required for
RAOC operation. The new K(Z) curve, contained in Appendix A, was used in the
determination that RAOC operation did not require a change to any safety
parameters.

Table 2 provides a summary of changes in the Cycle 2 kinetics characteristics
compared with the current limit based on previously submitted accident
analyses, References 2 and 14;

Table 3 provides the control rod worths and requirements at the most limiting
condition during the cycle. The required shutdown margin is based on the
previously submitted accident analyses. The available shutdown margin exceeds
the minimum required.

The loading contains a total of 352 fresh burnable absorber rods located in 40

Region 4 assemblies and 160 spent burnable absorber rods, 64 of which are
located in 4 Region 3 assemblies, and the remaining 96 located in 8 Region 48

assemblies. The locations of the burnable absorber and source rods are shown

in Figure l.

Appendix B contains the Radial Peaking Factor Limit Report in accordance with
paragraph 6.9. 1.8 of the Diablo Canyon Technical Specifications.

2.3 THERMAL AND HYDRAULIC DESIGN

No significant variations in thermal margins will result from the Cycle 2

reload. The DNB core limits and the safety analyses used for Cycle 2 are based
on the conditions given in Sections 1.0 and 4.0. Since the F

HaH
multiplier was changed from 0.2 to 0.3, new core limits were established. Fuel
temperatures were calculated using the revised thermal safety model, described
in Reference 13, and include the effects of chamfered pellets. Steady-state
DNBR calculations are not affected by the revised fuel temperatures.





3.0 POWER CAPABILITY AND ACCIDENT EVALUATION

3,1 POWER CAPABILITY

The plant power capability has been evaluated considering the consequences of

those incidents examined in the FSAR (Reference 2), and the consequences of

the incidents considering the PMTC change approved in Reference 10. It is
concluded that the core reload will not adversely affect the ability to safely
operate at 100 percent of 3411 MHt rated reactor power during Cycle 2. The

fuel centerline temperature limit of 4700'F can be accommodated with margin in

the Cycle 2 core using the methodology described in Reference 1. The time

dependent densification model in Reference 8, was used for these fuel

temperature evaluations. The LOCA limit at rated power can be met by

maintaining F< at or below 2.32. The'mpact of using chamfered fuel pellets
has been considered and found to be acceptable. Therefore, the current

analyses of record, References 2 and 14, remain applicable when using

chamfered fuel pellets.

3.2 ACCIDENT EVALUATION

The effects of the reload on the design bases and postulated incidents were

examined. In all cases it was found that the effects were accommodated within
the conservatism of the initial assumptions used in the previous applicable

safety analyses or in the safety analyses performed in support of the PMTC and

the revised F H. The fission product inventory resulting from theN

use of a nominal 4.5 w/o U-235 fuel is not significantly different, Reference

16, from the isotopic inventory which was provided by Westinghouse for the

first cycle of operation under normal and accident conditions. Any deviations

from the original isotopic inventory are insignificant and are within the

uncertainty level of the accident calculation. Therefore, there is no need to

recalculate the radiological consequences of any accident due to the increase

in fuel enrichment.





The effects of the reload on the design basis and postulated incidents

analyzed. in the FSAR (Reference 2) were examined with the BIT. With the

exception of the post-LOCA subcritical cooling requirement, it was found that

the effects were accommodated within the conservatism of the assumptions used

in the previous applicable safety analyses.

A safety criterion that the reactor core remain subcritical on the soluble

boron provided by the ECCS following a hypothetical large break LOCA has been

evaluated for the Cycle 2 design. This criterion is met, assuming Cycle 1

burnup extends past 15,250 MWD/MTU, but is not satisfied for end-of-cycle

(EOC) burnups less than 15,250 MWD/MTU. This conclusion is based on using

minimum Technical Specifications values for the boron concentrations of the

RWST and accumulators, RCS boron 0oncentration based on HFP all-rods-out with

peak xenon, and boron concentration in the Boron Injection Tank (BIT) assuming

the BIT is active.

Evaluations based upon the current minimum Technical Specifications value for

the RWST (2000 ppm), the accumulators (1900 ppm) and upon the core reactivity
assuming an end of Cycle 1 burnup of less than 15,250 MWD/MTU, have concluded

that the Cycle 2 design does not satisfy the long term core cooling

requirement that the reactor remain subcritical on the soluble boron provided

by the ECCS. Should the Cycle 1 burnup be less than 15,250 MWD/MTU, then

raising the boron concentration minimum Technical Specification limits to

2300 ppm for the RWST and 2200 ppm for the accumulators will provide

sufficient soluble boron to satisfy the post-LOCA subcriticality requirement.

A core reload can typically affect accident analysis input parameters in the

following areas: core k'inetic characteristics, control rod worths, and core

peaking factors. Cycle 2 parameters in each of these three areas were

examined as discussed below to ascertain whether new accident analyses were

required.
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3.2.1 KINETICS PARAMETERS

A comparison of Cycle 2 kinetic parameters with current limits is given in

Table 2. The current limits reflect parameters used in the previously
applicable safety analyses (FSAR) Reference 2 or in the approved PMTC

Licensing Amendment No. 8, Reference 10. The exception to the moderator

temperature coefficient limit has already been demonstrated to be acceptable

in Reference 14. Thus, no further reanalysis was necessary, The most

negative Ooppler temperature coefficient is -2.9 pcm/'F for Cycle 2 compared
~ to the current limit of -2.0 pcm/'F. This difference was eval'uated and was

found to result in a negligible effect on all of the transient analyses.

3.2.2 CONTROL ROO MORTHS

Changes in control rod worths may affect differential rod worths, shutdown

margin, ejected rod worths, and trip reactivity. Table 2 shows that the

maximum differential rod worth of two RCCA control banks moving together in

their highest worth region for Cycle 2 meets the current limit. Table 3 shows

that the Cycle 2 shutdown margin requirements are satisfied.

Cycle 2 has a normalized trip reactivity insertion rate which is slightly
different than the current limit, Reference 2. The effects of this reduced

normalized trip reactivity rate have been evaluated for those accidents
affected and compared to previous analyses. Fast transients are evaluated to
confirm that the limiting transient conditions are unchanged. Slow transients
are relatively insensitive to trip reactivity insertion rate and are

investigated only for increases in total energy release from the fuel to the

coolant after the trip. The reload rod.worth versus position is less than the

current limit rod worth versus position between 0 to approximately 15 percent

of rod insertion and also after 60 percent of rod insertion. An investigation
of the affected transients has shown that these effects will not change the

conclusions of either the FSAR or Reference 14; therefore, no reanalysis was

performed.
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3.2.3 CORE PEAKING FACTORS

Peaking factors for the dropped RCCA incidents were evaluated based on the

approved dropped rod methodology described in Reference 9. Evaluation of
peaking factors for dropped RCCA shows that the ONBR limit value is not
violated.

3.3 INCIDENTS REANALYZED

Because of a change in the part power multiplier from 0.2 to 0.3 in the
F

H
equation, the core limits changed for this reload. This resultedN

in a need to change the overtemperature aT trip setpoint equation. The rod
withdrawal at power and the loss of Load/Turbine Trip analyses were reanalyzed
to determine the effect of these changes on the conclusions presented in the
FSAR, Reference 2 and the PMTC submittal, Reference 14. The conclusions of
the FSAR and Reference 14 for these accidents remain valid for the reload.

The boron dilution accident at hot full power was reanalyzed because of a

change in the boron reactivity worth times concentration for the reload. The

reload value increased to a maximum of 16,000 pcm when compared to the
previous analysis limit of 14, 156 pcm. The analysis was performed using a

shutdown margin of 1.6% hK. The analysis has shown that the effect of the
new reload value will not change the conclusions of either the FSAR or
Reference 14.

Rod ejection was reanalyzed for this reload because of a change to the least
negative doppler only power defect at the beginning of Cycle 2 and the
ejected rod worth and power peaking factor for the end of life hot zero power

case. The investigation determined that the conclusions reached in the FSAR

and Reference 14 for this accident do not change for this reload.

7751F:5-b70225 10





4.0 TECHNICAL SPECIFICATION CHANGES

To insure that plant operation is consistent with the design and safety
evaluation conclusion statements made in this report and to ensure that these

conclusions remain valid, several Technical Specification Changes are required

for Cycle 2 operation. These changes are given in Appendix A.

If the Cycle 1 burnup is less than 15,250 MHD/MTU, then the RHST and the

Accumulator boron concentration Technical Specifications lower limits must be

raised in order to satisfy the post-LOCA subcriticality requirement. Proposed

Technical Specifications to raise the boron concentrations of the RHST and

Accumulator to ensure that post-LOCA subcritical requirements will 'be

satisfied are includec in Appendix A.
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TABLE 1

FUEL ASSEMBLY DESIGN PARAMETERS

DIABLO CANYON 2 - CYCLE 2

Region 4A 4B

Enrichment (w/o

U235)"

2.61 3.09 3.40 3.80

Geometric Density

(percent
theoretical)*

94.44 94.54 95.0 95.0

Number of
Assemblies

61 64 44 24

Approximate

Burnup at
Beginning of-
Cycle (MMD/MTU)+

16000 11000 0

+ Based on EOC Cycle 1 of 14,200 MMD/MTU.

All values are as built except for those Regions 4A and 48 wh'lch are

nominal values.
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Moderator Temperature
Coefficient (pcm/'F*)

Ooppler Temperature
Coefficient (pcm/'F*)

TABLE 2

KINETICS CHARACTERISTICS
OIABLO CANYON UNIT 2 - CYCLE 2

Current Limit
Reference 2 14

-39.0 to +5.0

-2.0 to -1.4

~Cele 2

-39.0 to +5.0

-2.9 to -1.4

Least Negative Ooppler - Only
Power Coefficient, Zero to
Full Power (pcm/%power)~

Most Negative Ooppler - Only
Power Coefficient, Zero to
Full Power (pcm/%power)"

Oelayed Neutron Fraction
Seff (Percent)

Sef f (Percent) minimum

(BOL Rod ejection only)
Maximum Oifferential Rod

North of Two Banks Moving
Together at HZP with 100%
overlap (pcm/in.)"

-10.18 to -6.68

-19.4 to "12.6

0.44 to 0.7337

0.52

89

-10.18 to -6.68

-19.4 to -12.6

0.44 to 0.7337

)0.55

( 66.6

pcm = 10 ap

$1$ lF,O $ 2022$
15





TABLE 3

SHUTDOWN REQUIREMENTS AND MARGINS

END-OF-CYCLE

DIABLO CANYON UNIT 2 - CYCLES 1 AND 2

Control Rod Worth %ap

~Cc1e 1 ~Cc1e 2

All Rods Inserted 7.54 6.69

All Rods Inserted Less Worst

Stuck Rod 6.38 5.90

(1) Less 10% 5.74 5.31

Control Rod Re uirements %bp

Reactivity Defects (Doppler, T

Void, Redistribution)
2.93 2.95

Rod Insertion Allowance 0.50 0.50

(2) Total Requirements 3.43 3.45

Shutdown Mar in [ 1 - 2 ] %hp 2.31

Reouired Shutdown Mar in %hp 1.60

5F5$ F.5-570255 16
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FIGURE 1

Diablo Canyon Unit 2 Cycle 2

Core Loading Pattern
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APPENDIX A

TECHNICAL SPECIFICATIONS CHANGE PAGES

The following technical specification changes are required for Diablo Canyon Unit 2,
Cycle 2.

Section Pacae

2.1.1

2.1.1
Bases

2.2.1

Figure 2.1-1b Reactor Core Safety Limit

Bases for reactor core safety limits

Reactor Trip System Instrumentation
Setpoints, Table 2.2-1

2-2

B 2-1

2-7
2-8

3.2.2 Figure 3.2-2 K(Z) - Normalized F<(Z) As
A Function of Core Height

3,1 '.5 Borated Water Source - Solution

3. 1.2.6 Borated Water Source - Operating

3/4 1-12

3/4 1-13

3/4 2/6

3.2.3

3.5.1.

3.5.5.

3/4.1.2
Bases

3/4.5.5
Bases

3/4.6.2
Bases

Power Distribution Limits RCS Flow Rate
and Nuclear Enthalpy Rise Hot Channel
Factor Limiting Condition for Operation

Accumulators

Refueling Water Storage Tank

Bases for Boration Systems

Bases for Refueling Water Storage Tank

Bases for Spray Additive System

3/4 2-9 8

3/4 2-11

3/4 5-1

3/4 5-11

B3/4 1-2

B3/4 5-3

B3/4 6-3

37S1S:5.670225 A.l
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2.1 SAFETY LIHITS

~)

08"rF)gg

BASES

2.1.1 REACTOR CORE

The restrictions of this Safety Limit prevent overheating of the fuel and
possible cladding pcr foratfon which would result fn the release of fission
products to the reactor coolant. Overheating of the fuel cladding fs prevented
by restricting fuel operation to within the nucleate boiling regime where the
heat transfer coefficient fs 'large and the cladding surface teapcraturc fs
slightly above the coolant saturation temperature.

Operation above the upper boundary of the nucleate boiling regime could
result 5n excessive cladding temperatures because of the onset of departure
froe nucleate boiling (ONB) and the resultant sharp reduction fn heat transfer
cocfficfcnt. OHB fs not a directly measurable parameter during operation and
therefore THERNL PNER and reactor coolant temperature and pressure have been
related to OHB through the R-Grid correlatfon. The R-Grid DHB correlation has
been developed to predict the OHB flux and the location of DNB for axially
uniform and non-uniform heat flux distributions. The local ONB heat flux ratio
(OHBR) fs defined as thc ratio of the heat flux that would cause OHB at a
particular core location to the local heat flux and fs indicative of the aargin
to OHB.

The afnfmum value of the ONBR during steady-state operation, normal
operational transients, and anticipated transients fs limited to 1.30. This
value cor responds to a 95K probability at a 95X conffdencc level that OHB will
not occur and fs chosen as an appropriate aargin to DNB for all operating
conditions.

The curves of Figure 2.1-1 show the loci of points of THERNL PMER,
Reactor Coolant System pressure and average temperature for which the
Ifniaum ONBR is no less than 1. 30, or the average enthalpy at thc vessel exit
5s equal to the enthalpy of saturated liquid.

The curves are hased on an enthalpy hot charms'I tactor, F~ oT 1.55 and

a reference cosine with a peak of 1.55 for axial power shape. An allowance fs
included for an fncrease'n F~ at reduced paver, based on the expression:N

F~ 5= 1.55 pl+ Oe3 (I-P)) +AttC=kj-
N

where P is the fractLon of RATED THERMAL PAAR

These 1fmftfng heat flux conditions are higher than those calculated for
the range of all control rods fully wfthdt awn to the Iaxfe~ allowable control
rod insertion assmfng thc axial power fabalance fs within the lfafts of the
fx (hI) function of the Overtaaperature trip. Nen the axial power fabalancc
fs not within the tolerance, the axial power fabalance effect on the Over
temperature hT trfp wfll reduce the Setpof nts to provfde protectf on consistent
with core Safety Lfafts.
DIABLO CANYON - VNITS 1 4 2 Amendment Nos. 10, 8
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TABLE 2. 2-1 Continued

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

TABLE NOTATIONS

NOTE 1: OVERTEMPERATURE hT

hT < hT fKq-K~ ~l+t S (T-T )+Ka(P-P )-fq(hl)7
1+x~S

Where: hT
0

T

P

~1+t S

1+xzS

Indicated hT at RATED THERMAL POWER;

Average temperature, F;

< 576.6 F for Unit 1 and < 577.6 F for Unit 2 Reference T at
RATED THERMAL POWER;

avg

Pressurizer pressure, psig;

2235 psig (indicated RCS nominal operating pressure};

The function generated by the lead"lag controller for T „
dynamic compensation;

avg

Time constants utilized in the lead-lag controller for T , tz = 3O s,
avg'z= 4 s;

S = Laplace transform operator, s"~;

l ISA
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NOTE 1 Continued

TABLE 2.2-1 Continued

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

TABLE NOTATIONS Continued

and f> (hl) is a function of the indicated difference between top and bottom detectors
of the power-range nuclear )on chambers; with gains to be selected based on measured
instrument response during plant startup tests such that:

V%
(i) for qt -

qb between - 32% and +~, f> (hI) = 0

(where qt and qb are percent RATED THERMAL POWER in the top and bottom

hafves of the core respectively, and q + q is total THERMAL POWER in
percent of RATED THERMAL POWER).

(ii) for each percent that the magnitude of (qt -
qb) exceeds - 32K,Bio /

the hT Trip Setpoint shall be automatically reduced by of
its value at RATED THERMAL POWER.

gl C/,

(iii) for each. percent that the magnitude of (qt -
qb) exceeds +~%X,/,+

the hT Trip Setpoint shall be automatically reduced by . of
its value at RATED THERMAL POWER.

NOTE 2: The channel's maximum Trip Setpoint shall not exceed its computed Trip Setpoint by more than 4X.
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REACTIVITY CONTROL SYSTEMS

BORATED WATER SOURCE - SHUTDOWN

LIMITING CONDITION FOR OPERATION

3,1.2.5 As a minimum, one of the following borated water sources shall be
OPERABLE:

a. A Boric Acid Storage System and at least one assocfated heat tracing
channel with:

1) A minimum contained borated water volume of 835 gallons,

2} A boron concentration between 20,000 and 22,500 ppm, and

3) A minimum solution temperature of 1454F.

b. The Refueling Water Storage Tank (RWST) with:

1} A minimum contained borated water volume of 50,000 gallons,

2) A miaimum boron concentration of 000 ppm, and

3) A minimum solution temperature of 35'F.

APPLICABILITY: MODES 5 and 6.

ACTION:

Z3oo

With no borated water source OPERABLE, suspend all operations involving CORE

ALTERATIONS or positive reactivity changes.

SURVEILLANCE REOUIREMENTS

4.1.2.5 .The above required borated ~ater source shall be demonstrated OPERABLE:

a. At least once per 7 days by:

1) Verifying the boron concentration of the water,

2) Verifying the contained borated water volume, and

3} Verifying the boric acid storage tank solution temperature whenit is the source of borated water.

b. At least once per 24 hours by verifying the RWST temperature when it
is the source of borated water and the outside ambient air temperature
fs less than 35'F.

DIABLO CANYON - UNITS 1 8s 2 3/4 1-12
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REACTIYITY CONTROL SYSTEMS

BPRATED WATER SOURCES - OPERATING

LIMITING CONDITION FOR OPERATION

3, 1.2.6 Each of the following borated water source(s) shall be OPERABLE:

a. A Boric Acid Storage System and at least one associated heat tracing
channel with:

1) A minimum contained borated water volume of 5106 gallons,

2) A boron concentration between 20,000 and 22,500 ppm, and

3) A minimum solution temperature of 145 F.

b. The Refueling Mater Storage Tank (RWST) with:

1) A contained borated ~ater volume of greater than or equal to
400,000 gaTlons,

2&Od
2) A boron concentration betwee n SOP pm, and

3) A minimum solution tempera'ture of 35'F.

APPLICABILITY: MODES 1, 2, 3 and 4.

ACTIDN:

a.

b.

Mith the Boric Acid Storage System inoperable, restore the system
to OPERABLE status within 72 hours or be in at least HOT STANDBY
within the next 6 hours and borated to a SHUTDOWN MARGIN equivalent
to at least LL hk/k at 2004F; restore the Boric Acid Storage System
to OPERABLE status within the next 7 days or be in COLD SHUTDOWN
within the next 30 hours.

Mith the RWST 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.

DIABLO CANYON - UNITS 1 Ec 2 3/4 1-13
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DIABLO CANYON UNIT N0.1 AND N0.2
I

NORMALIZED FQ(Z) AS A FUNCTION OF CORE HEIGHT

FIGURE 3.2"2
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pggFR DISTRIBUTION LIMITS

3/4.2.3 RCS FU% RATE AND NUCLEAR EXTHALPY RISE HOT CHANNEL FACTOR

LIMITING CONDITION FOR OPERATION

3.2.3 The coabination of indicated Reactor Coolant System (RCS) total flow
rate and R shall be «aintained within the region of allowable operation shown

on Figure 3.2-3a for Unit 1 and Figure 3.2-3b for Unit 2 for four loop
oper ati on.

@her e:

THERMAL PWER, and
H RHAL W

c. F~ ~ Measured values of F~ obtained by using the «ovable incoreN N

detectors to obtain a. power distribution «ap. The «easured

values of F~ shall be used to calculate R since Figure 3.2-3aN

for Unit 1 and Figure 3.2-3b for Unit 2 include «easurement
uncertainties of 3.5X for flow and 4X for incore «easurement

of F~.N

APPLICABILITY: ISDE 1.

ACTION:

Nth the combination of RCS total flow rate and R outside the region of
acceptable operation shown on Figure 3.2-3a for Unit 1 and Figure 3.2-3b
for Unit 2:

a. Nthin 2 hours either:

1. Restore the combination of RCS total flow rate and R to within
the above li«its, or

2.'educe THERMAL POWER to less than 5OX of RATED THERNL POMER

and reduce the Power Range Neutron Flux - High Trip Setpoint to
less than or equal to 55X of RATED THERMAL pSKR within the
next 4 hours.

DIABLO CANYON - UNITS 1 4 2 3/4 2-9 A«enhscnt Nos. IO> 8
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3/4. 5 EHERGENCY CORE COOLING SYSTEHS

3/4.5.1 ACCUHULATORS

LIHITING CONDITION FOR OPERATION

Each Reactor Coolant System accumulator shall be OPERABLE with:

a. The isolation valve open and power removed,

b. A contained borated water volume of between 836 and 864 cubic feet
of borated ~ater, 22~ ZSc9O

c. A boron concentration of betwee 2866 n pm, and

d. A nitrogen cover pressure of between 5S5.5 and 647.5 psig.

APPLICABILITY: HODES 1, 2 and 3.~

t,"T ION:

a.

b.

With one accumulator inoperable, except as a result of a closed
isolation valve, restore the inoperab1e accumulator to OPERABLE
status within 1 hour or be in at least HOT STANDBY within the next
6 hours and in at least HOT SHUTDOWN within the following 6 hours.

With one accumulator inoperable due to the isolation valve being
closed, either immediately open the isolation valve or be in HOT
STANDBY within 6 hours and in HOT SHUTDOWN within the following .

6 hours.

SVRVEILLANCE RE UIREHENTS

4.5.1.1 Each accumulator shall be demonstrated OPERABLE:

a. At least once per 12 hours by:

1} Verifying the contained borated water volume and nitrogen
cover-pressure in the tanks, and

2) Verifying that each accumulator isolation valve is open.

"Pressurizer pressure above 1000 psig.

DIABLO CANYON - UNITS 1 8 2 3/4 5-1
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EMERGENCY CORE COOLING SYSTEHS

3/4.5.5 REFUELIHG MATER STORAGE TANK

LIMITING CONDITION FOR OPERATION

3.5.5 The Refueling Mater Storage Tank (RMST) shall be OPERABLE with:

a. A minimum contained borated water o 0 gallons,
g~ad

b. A boron concentration of betwee 8300'd Rt pm, and

c. A minimum solution temperature of 35 F.

APPLICABILITY: NODES 1, 2, 3 and 4.

ACTION:

Mith the RMST 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 RE UIREHENTS

4.5.5 The RMST shall be demonstrated OPERABLE:

At least once per 7 days by:

1) Verifying the contained borated water volte $ n the tank, and

2) Verifying the boron concentration of the water.

b. At least once per 24 hours by verifying the RMST temperature when
the outside ambient air temperature is less than 35 F.

DIABLO CANYON - UNITS 'X FW
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REACTIVITY CONTROL SYSTEMS

BASES

3/4.1.1.4 MINIMUM TEMPERATURE FOR CRITICALITY

This specification ensures that the reactor will not be sade critical
with the Reactor Coolant Systea average teaperature less than 5414F. This
li|iitation is required to ensure: (1) the ooderator teaperature coefficient is
within its analyzed teaperature range, (2) the protective instnaentation is
~ithin its noraal operating range, (3) the pressurizer is capable of being in
an OPERABLE status with a steaa bubble, and (4) the reactor vessel is above its
mini~ RT~T toaperature.

3/4. T. 2 BORATION SYSTEMS

Th'e boron injection systea ensures that negative reactivity control is
available during each soda of facility operation. The coeponents required to
per fora this function include: (1) borated water sources, (2) charging pueps,
(3) separate flow'paths, (4) boric acid transfer puaps, (5) associated heat
tracing systeas, and (6) an urgency power supply free OPERAILE diesel genera-
tors.

With the RCS average teaperature above 200F, a 'ainiaa of two boron
injection flow paths are required to ensure single functional capabil'sty in the
event an assused failure renders one of the flow paths inoperable. The
boration capability of either flow path is suffic$eet to provide a SNJTDON
NOGGIN f~ expected operating conditions of 1.6K kk/k after xenon dec~ and
cooldown.to 200~F. The aaxima expected borat$ on capability requireeent occurs
at EOL free fu11 power equilijrim xenon cenditioae and requires 5106 gallons
of ppe borated water fern the boric acial storaye tanks or 75,000 gallons
of %RO ppe borated water free the refueling rater storage tank.

With the RCS teaperature below 200iF, one Boron Injection Systoe 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 change in the event the single injec-
tion systea becoaes inoperable.

The boron capability required below 200oF is sufficient to provide a
SHUTDOWN MARGIN of 1X hk/k after xenon decay and cooldown free 200'F to 140'F.
This condition requires either 835 gallons of 20 ppo borated water froa
the boric acid storage tanks or 9690 gallons of ppa borated water froe
the refueling water storage tank.

C ~
The contained water vol~ Iiaits include allowance or water not available

because of discharge line location and other physical characteristics.
4

The OPERABILITY of one Boron Injection Systea during REFUELING ensures
that this systole is available for reactivity control while in N)DE 6.

DIABLO CANYON - UNITS 1 4 2 8 3/4 1-2
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REACTIVITY CONTROL SYSTB5

BASES

BORATION S S (Continued)

NARGIN roa
and ldown

51 a 1

or 26

ected operat co
to 200oF. «axf

0 free ul 1 r equ
s f 7000 ora

ga on psl

ftfons of i.6X'f
expected borat on caplibris xenon ndftfon

d water froa boric
rated water roa the re

t xenon decay
flfty requf nt,
and requi s

acid stor e tanks
uel fng r storage

Nth
cceptab le

reactf vfty
CORE ALTE
In5ectfon S

RCS erature bel
vlthout ingle failure
condft on of the reac
TIONS and positive rea
ys becoaes fnoperab

200 F cee Soron In) fon ystea fs
consi ration on the fs o the stable
r an the additional re trf fons prohibiting
fv y changes fn the e e the single Boron

e w pev(WS

The
OPERABLE an
the requ
that a s
sf ngl

~f tfon for a «axis of one centrifugal fng puap to be
the Surveillance Requfreaent to verif ha>ging pumps except
OPERABLE puap to be inoperable ow 27 ] F rovides assurance

addition ure transient .be lieve y the operation of a

Th
S

1 oF

boron ability
NRGIN f IX hkl

This ndftfon
bor acid store

ufred ow 200 F sufficient provi
after x an cool d 200 F

fres ther a) ns of 70 oe bors
ta or ga o s f 0 ppm orated

PROVE

ed vate
water

The contained water vol~ if«its include allowance for water not available
because of discharge line location'and other sical characteristics.

The if«its on contained water voloa n n concentration of the fMST
~ lso ensure a OH value of aetvaan . d 11 or tna solution recirculated
within contafraent after a LOCA. s pH ban ainf«fzes the evolution of
iodine and ~ini~ izas tna errant ot lorida caustic stress corrosion on
~echanical systeas and coaponents. ~ /Q ~

The OPERABILITY of one oron ystea durfng REFUELING ensures
that this systaa fs available for reactivity control while in N)OE 6.

3/4.l. 3 IOVABLE L ASSBSLIES
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lf~ ited OPERABILITY of control position fndf
deter« ne control rod posf fons and reby ensure c
rod fgneent and fnserti if«its. Verification that
Indi ator agrees with the sanda position wfthfn a
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EMERGENCY CORE COOLING SYSTEMS

4 BASH

3/4.5. 5 REFUELING MATER STORAGE TANK

The OPERABI of the Refuelin ter Stor e Tank (RMST} part f the
ECCS ensure a sufficie .s y of 5orated r is
tion by the, 5 in the event e LOCA. The limit .o ST Iin um voluaia
and boron,. once ration en t . (1) sufficie ter is avai ble v 4n

tai nt to pe it r 'culation oling fl the ore, and (
rea vill remain 'ritical in the ld ndition fol 'ng Ii the
RWS a the RCS e volumes vith all rol rods inser t for he
m t rea v trol embly.. These tions are consi nt vith the CA

nalyses.

The contained vater volume limit includes an allovance for water not usable
because of tank discharge line location or other physical characteristics.

DIABLO CANYDN - OMITS 1 8 2 8 3/4 5-3
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The OPERApg~~ of the Refueling Water Storage Tank (RWST) as part of the
EPICS ensures that a sufficient supply of borated water is available for
injection by the ECCS in the event of either a LOCA or a steamline break.
The limits on RWsT minimum volume and boron concentration ensure that: 1)
sufficient water is available within containment to permit recirculation
cooling flow to the core, 2) the reactor will remain subcritical in the
cold condition (68 to 212 degrees-F) following a small break LOCA assuming
complete mixing of the RWST, RCS, SAT, containment spray system piping and
ECCS water volumes with all control rods inserted except the most reactive
control rod assembly (ARZ»l), 3) the reactor will remain subcritical in
thy cold condition following a large break LOCA (break flow area > 3.0ft ) assuming complete mixing of the RWST, RCS, ECCS water and other
sources of water that may eventually reside in the sump Post-LOCA with all
control rods assumed to be out (ARO), 4) long term subcriticality
following a steamline break assuming ARX-1 and preclude fuel failure.
The maximum allowable value for the RWST boron concentration forms the
basis for determining the time (post-LOCA) at which operator action is
required to switch over the ECCS to hot leg recirculation in order to
avoid precipitation of the soluble boron.
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CONTAIHHEHT SYSTEMS

BASES

3/4.6.2 OEPRESSURI2ATION ANO COOLING SYSTB5

3/4. 6. 2. 1 COHTAIHHEHT SPRAY SYSTEH

The OPERABILITY of the Contaf >ment Spray System ensures that contafnaent
depressurfzatfon and cooling capabflfty will be available fn the event of a
LOCA. The pressure reductfon and resultant lcwer contafnment leakage rate are
consfstant with the asseytf ons used fn the safety analyses.

The Corrtaf >ment Spray System and the Contaf~t Cooling System are
redundant to each other 1n provfd1ng post accfdent coolfng of the contafnment
atmosphere. Hrwever, the Contafnmcnt Spray System also provides a aechanfsm

~

~

for removfng 1odfne from the contafreent ataosphere and therefore the tfme
requirements 1'or restor fng an fnoperable Spray Systea to OPERABLE status have
been aafntafned consfsterrt wfth that assfgned other fnoperable KSF equipment.

2/4.6.2.2 SPRAY ASSITIVE SYSTER

The 0 RASIIJTY the SP y AddIt1 e 5 ee ehs s the shtTI44eet 4
~ fs added the con 1 nt ay n event CA. The, fsrfts on Na

fnfam ol an conca tr ion e that: ( the fodfne val efff e
o th 'spray t . fs aaf fned au of the fnc ase fn pH val, an (2)
cor fon effe on c ne. ts thin c taf nt a afnfafzed. ontafned
wa er lume faft c des an llcwance f water not able becaus f tank
df scharge 1 ocat or o r hys 1 cal aeter 1 st5es. These 's 1 ons
are consfsta fifth the od ne reao 1 efffcfe wss~d 1 the safety a lyses.

3/4. 6. 2. 3 CONTAIHMEHT COOLING SYSTEM

The OPERABILITY of the contafment fan cooler units ensures that: (1) the
containment afr temperature wfll be aafntafned wfthfn lfsrfts durfng normal
operatfon, (2) adequate heat mnoval capacfty 1s avaf labia when operated fn
conjunctfon w1th the containment spray systems during post LOCA conditions,
and (3) adequate afxfng of the contafreent atmosphere follcwfng a LOCA to
prevent localized accsnulatfons of hydrogen from exceeding the flarmsable lfmft.

The Contafment,Coolfng Sys~ and the Corrtafreent Spray System are
redundant to each other fn providing post accfdent cooling of the contafrNEent
atmosphere. As a result of thfs redundancy fn coolfng capabflfty, the allowable
out of service tfae requfreaents for the Containment Cooling System have been

appropriately ad)usted. Hcwever, the allcwable out of service tfse requfrements
for the Contafeuent Spray System have been aafntafned consfstent w1th that
assfgned other 1noperable ESF equipment since the Contafanent Spray System
also provfdes a aechanfm for reeovfng fodfne froa the contaf @bent atmosphere.

DIABLO CANYON - UNITS 1 8 2 8 3/i $-3
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COHTAIINENT SYSTEMS

BASES

COHTAIHMEHT SPRAY SYSTEM (Continued)
[Credit taken for fodfrw removal)

The Contairaant Spray Systaa and tha Contaf~nt Cooling Systaa are redundant ito each other fn providing post.accident cooling of the cantafraent atsosphere.
However, the Cantafraent Spray Systaa also provides a aechanfsa for eeaovfng ~ I
fodfrw fern the contaftwnt ataosphere and therefore the tfae requfreaents for
restoring an fhoperable Spray Systas to OPERABLE status have been aafntafned
consistent with that assigned other 5naperable ESF equfpeent.

Po credit taken for fodfrw resova13

The Contafrment Spray System and the Contafraent Cooling Systea are redundant
ta each other fn providing post-accident caalfng of the contafnaent atmosphere.
Since no credit has been taken for iodine resoval by the Contafraent Spray System, [
the allowable out-of-service tfae requf~nts for the Contafraent Spray Systea
and Containaent Cooling Systaa have bean interrelated and ad usted
this additional redun lhng~pab
3/4.6.2. 2 SPRAY AODITIVE SYSTEN [OPTIONAL]

gu. OPERABILITY of the Spray Additive Systaa ensures t suff slant Nagu
15 gAd=-d to the contafraent spray fn the event of a LOCA. The lfaf s on HaOH

go(~and concentration ensure a pH value of between [ and . for the
;elution recfrculated within cantafraent after a LOCA. This pH band afnfafzes
the evolution of iodine and efnfafzes the effect of chloride and caustic
stress corrosion on mchanfcal systeas and coapanents. The contained solution
voluee liaft includes an allowance for solution not usable because of tank
discharge line location or other physical characteristics. These assueptfans
are consistent with the iodine reaaval efficiency assed fn the safety analyses.

3/4::6.2. 3 COHTAIHMEHT COOLING SYSTEM [OPTIONAL]

The OPERABILITY of the Contafrwent Cooling Systea ensures that: (1) the
cantaftaent afr taaperature will be Nafntafned within lfafts during naraal
operation, and (2) adequate heat reNaval capacity fs available when operated f
fn can)unction with the Contaftaent Spray Systeas during post-LOCA conditions.

[Credit taken for iodine reaoval by spray systeas3

The Contafrwent Cooling Systaa and the Contaftaent Spray Systai are redun-
dant to each other fn providing post-accident cooling of the cantafreent ataos-
phere. As a result of this redundancy fn cooling capability, the allawable
out-of-service tfae requfreents Yor the Contafaent Cooling Systae have been
appropriately ad)usted. However, the allowable out-of-service tfaa requfreaents
for the Contafraent Spray Systaa have been aafntafned consistent with that
assigned other inoperable ESF equfpaent since the Containment Spray Systea also
provides a aechanfsa for teaovfng iodine face the contafrment ataosphere.

[Na credit taken for iodine reaoval by spray systeas3

The Contafraent Cooling Systaa and the Contafrment Spray Systee are I

redundant to each other fn providing post-accident cooling of the contain.nt
atmosphere. Since no credIt has been taken for iodine resoval by the Contain-
aent Spray Systee, the al1owable out-ofwervfce tfac requf~nts for the
Contafrment Cooling Systaa and Contafrment Spray Systea have been interrelated
and adjusted to reflect this additional redundancy fn cooling capacity.

V-ATMOSPHERIC b 3/4 6-4A



( ~ w ~



APPENDIX B

RADIAL PEAKING FACTOR LIMIT REPORT

This Radial Peaking Factor Limit Report is provided in accordance with
Paragraph 6.9. 1.8 of the Diablo Canyon Unit 2 Nuclear Plant Technical
Specifications.

The F limits for RATED THERMAL POWER within specific core planes shall be:xy

F less than or equal to 1.836 for all core planesRTP

xy
containing bank "D" control rods, and

2. F less than or equal to 1.687 for all unrodded coreRTP

xy
planes.

These F (z) limits were used to confirm that the heat flux hot channel
xy

factor F<(z) will be limited to the Technical Specification values of:

F<(z) <~[K(z)] for P > 0.5 and,[2.32]

F~(z) ( [4.64] [K(z)] for P ( 0.5

assuming the most limiting axial power distributions expected to result from

the insertion and removal of Control Banks C and 0 during operation, including
the accompanying variations in the axial xenon and power distributions as

described in the "Power Distribution Control and Load Following Procedures,"

WCAP-8403, September, 1974.- Therefore, these F limits provide assurance
xy

that the initial conditions assumed in the LOCA analyses are met, along with
the ECCS acceptance criteria of 10CFR50.46.

8.1
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DIAhLO CANYON UNIT 2 CYCLE 2
PEAKINC FACTOR REPORT
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