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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 of 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 FEH as a function of power, a positive moderator

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

approval has been received for the PMTIC Licensing Amendment, Reference 10. In .,
addition, NRC approval has been recently receiyed for RAOC, Reference 12.‘
Based upon the above referenced methodology, only thpse 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 1. 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.

I781F.6-870229 1
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Nominal core design parameters utilized for Cycle 2 are as follows:

Core Power (MWt) 3411
System Pressure (psia) ] 2250
Core Inlet Temperature (°F) 545.0
NSSS Thermal Design Flow (gpm) 354,000
Average Linear Power Density (kw/ft) 5.45%

The maximum Cyéle 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 &esign 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 will_meet 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.

751F.8-870228 2
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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 13,500 MWD/MTU and 15,450 MWD/MTU.

2. Cycle 2 burnup is limited to a maximum burnup of 500 MWD/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.

3781£:6-870228 3







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 assemblies, 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 gripber design, (5)
grid straps with strap and corner modifications, and (6) a bottom nozzie
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
will improve pellet chip resistance during manufacturing and
hand]iné. A1l 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
Westinghouse's plans to generically incorporate this criterion change
and the justification of no unreviewed safety questions were
previously transmitted to the NRC via Reference 11. 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.

37518:6-87
0225 4
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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 fuel assembliy 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 pred{cted 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 dasigned to meet the Fa x P ECCS 1imit of

< 2,32 x K(Z) (Reference 15a) for a flux difference (4l) bandwidth during
normal cperation conditions of +6, -13 percent Al. Appsndix A contains the
K(Z) curve derived from the naw small break LOCA analysis, Reference 15b,
having the traditional third 1ine segment removed. Ramoval of the third 1ine
segment allows greater flexibility in the design of cores.

3751F:6-870225 5
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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 AI band, particularly at reduced power. The RAQC
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 ény safety
parameters.

Table 2 provides a summary of changes in the Cycle 2 kinetics characteristics
compared with the current 1imit 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

N

the minimum required.

The loading contains a total of 352 fresh burnable absorber rods Tocated 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 4B
assemblies. The locations of the burnable absorber and source rods are shown
in Figure 1.

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 FﬁH

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
ONBR calculations are not affected by the revised fuel temperatures.

I751F:6-870228 6
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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 MWt 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 1imit at rated power can be met by
maintaining FQ at or below 2.32. The impact 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 FEH‘ The fission product inventory resuiting from the

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.

3751F.6-87022% 7
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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 analyseé. | )

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 concentration 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 MHD/MTU, have conc luded
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 MKD/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 Kinetic 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.

3751F.8-870225 8
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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 1imit has already been demonstrated to be acceptable
in Reference 14. Thus, no further reanalysis was necessary. The most
negative Doppler temperature coefficient is -2.9 pcm/°F for Cycle 2 compared

* to the current limit of -2.0 pem/°F. This difference was evaluated and was

found to result in a negligible effect on all of the transient analyses.
3,2.2 CONTROL ROD WORTHS

Changes in control rod worths may affect differential rod worths, shutdown
margin, ejected rod worths, and trip reactivity. Table 2 shows that the

max imum 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.

3731F-8-370228 9
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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 DNBR 1imit 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 resulted
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 becausé 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% AK. 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.

3151F.6-870228 10
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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 MWD/MTU, then the RWST and the
Accumulator boron concentration Technical Specifications lower limits must be
raised in order to satisfy the post-LOCA subcriticality reéuirement. Proposed
Technical Specifications to raise the boron concentrations of the RWST and
Accumulator to ensure that post-LOCA subcritical requirements will be
satisfied are includec in Appendix A.

3751F.6-870225 11
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TABLE 1

FUEL ASSEMBLY DESIGN PARAMETERS
DIABLO CANYON 2 - CYCLE 2

Region 2 3 4A 48

Enrichment (w/o 2.61 3.09 3.40 3.80
U235)*

Geometric Density 94.44 94.54 95.0  95.0
(percent '

theoretical)*

Number of ) 61 64 44 T 24
Assemblies )

Approximate 16000 11000 0 0
Burnup at

Beginning of -
Cycle (MWD/MTU)+

Based on EOC Cycle 1 of 14,200 MWD/MTU.
* A1l values are as built except for those Regions 4A and 48 which are
nominal values.

J751F.0-87022% 14







TABLE 2

KINETICS CHARACTERISTICS
DIABLO CANYON UNIT 2 - CYCLE 2

Current Limit
Reference (2) (14)

Moderator Temperature
Coefficient (pcm/°F*) -39.0 to +5.0

Doppler Temperature
Coefficient (pcm/°F*) -2.0 to -1.4

Least Negative Doppler - Only
Power Coefficient, Zero to
Full Power (pcm/%power)* ~10.18 to -6.68

Most'Negative Doppler - Only
Power Coefficient, Zero to
Full Power (pcm/%power)* -19.4 to -12.6

Delayed Neutron Fraction .
Beff’ (percent) 0.44 to 0.7337

B (percent) minimum _
(BOL Rod ejection only) 0.52

Maximum Differential Rod
Worth of Two Banks Moving
Together at HZP with 100%
overlap (pecm/in.)* 89

* pem = 10-5 Ap

5158
8-870228 15

Cycle 2

-39.0 to +5.0

-2.9 to -1.4
-10.18 to -6.68

-19.4 to -12.6

0.44 to 0.7337

>0.55

< 66.6






TABLE 3

SHUTDOWN REQUIREMENTS AND MARGINS
END-OF-CYCLE
DIABLO CANYON UNIT 2 - CYCLES 1 AND 2

Cycle 1 Cycle 2

Control Rod Worth (%Ao)
A1l Rods Inserted . 7.54 6.69 .
A1l Rods Inserted Less Worst

Stuck Rod 6.38 | 5.90
(1) Less 10% 5.74 5.31
Control Rod Requirements (%ap)
Reactivity Defects (Doppler, Tavg 2.93 2.95

Void, Redistribution)
Rod Insertion Allowance 0.50 0.50
(2) Total Requirements 3.43 3.45
Shutdown Margin [(1)-(2)] (%As) 2.31 1.86
Required Shutdown Margin (%Ap) 1.60 1.60

I751F 8-
6-87022% 16
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DIABLD CANYON UNIT 2

* Asssmblies contain 16 spent burnable absorber rods

CYCLE 2 RSE
REVISION O
FIGURE 1
Diablo Canyon Unit 2 Cycle 2
™ Core Loading Pattern
P N ™M L K J H 6 F E D C B
2 3 2, 3 2 3 2 ’
2 4A | 4B 3 4B 3 48 3 4B 4A 2
+12 ' +12
2 4A 3 3 48 2 3 2 48 3 3 4A 2
12 *16 12
- 4A 3 3 4A 2 4A 3 4A 2 4A 3 3 4A
8 8 8 8
4B 3 4A 2 | 4A 2 4A 2 4A 2 4A 3 48
+12 8 8 8 8 8 +12
3 4B 2 4A 2 3 2 3 2 4A 2 4B 3
12 8 8 12
4B. 2 4A 2 3 3 4A 3 3 2 4A 2 4B
‘g 8 8 .
3 3 3 4A 2 4A 2 4A 2 4A 3 3 3
+16 8 8 | 8 8 +16
4B 2 | 4A 2 3 3 4A 3 3 2 4A 2 48
| 8 8 8
3 4B 2 4A 2 3 2 3 2 4A 2 48 3
12 8 8 12
48 3 4A 2 4A 2 4A 2 4A 2 | 4A 3 48
+12 8 8 8 8 8 +12
4A 3 3 4A 2 4A 3 4A 2 4A 3 3 4A
8 8 8 8
2 4A 3 3 48 2 3 2 48 3 3 4A 2
12 *16 12
2 4A | 4B 3 48 3 48 3 48 4A 2
: +12 . +12
2 3 2 3 2 3 2
[ Y
XX | Region
YY | Number of Bumable Absorber Rods

and four once irradiated secondary source rods

+ Assembliss contain spent burnable absorber rods
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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 Page

2.1.1 Figure 2.1-1b Reactor Core Safety Limit : 2-2

2.1.1 Bases for reactor core safety limits B 2-1

Bases

2.2.1 Reactor Trip System Instrumentation 2-7
Setpoints, Table 2.2-1 2-8

3.1.2.5 Borated Water Source - Solution - 3/4 1-12

3,1.2.6 Borated Water Source - Operating 3/4 1-13

3.2.2 Figure 3.2-2 K(Z) - Normalized F (Z) As 3/4 2/6
A Function of Core Height

3.2.3 Power Distribution Limits RCS Flow Rate 3/4 2-9 &
and Nuclear Enthalpy Rise Hot Channel ’ 3/4 2-11
Factor Limiting Condition for Operation

3.5.1. Accumulators 3/4 5-1

3.5.5.  Refueling Water Storage Tank . 3/4 5-11

3/4.1.2 Bases for Boration Systems B3/4 1-2

Bases

3/4.5.5 Bases for Refueling Water Storage Tank B3/4 5-3

ases

3/4.6.2 Bases for Spray Additive System B3/4 6-3
Bases .

N%ee- '
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The restrictions of this Safety Limit prevent overheating of the fuel and
possible cladding perforation which would result in the release of fission
products to the reactor coolant. Overheating of the fuel cladding s prevented
by restricting fuel operation to within the nucleate boiling regime where the
heat transfer coefficient is large and the cladding surface tesperature is
slightly above the coolant saturation temperature.

Operation above the upper boundary of the nucleate boiling regime could
result in excessive cladding temperatures because of the onset of departure
from nucleate boiling (DNB) and the resultant sharp reduction {n heat transfer
coefficient. ODNB {s not a directly measurable parameter during operation and
therefore THERMAL POWER and reactor coolant tamperature and pressure have been
related to DNB through the R-Grid correlation. The R-Grid DNB correlation has
been developed to predict the DNB flux and the location of DNB for axially
uniform and non-uniform heat flux distributions. The local DNB heat flux ratio
(DNBR) 1s defined as the ratio of the heat flux that would cause DNB at a
partigullr core lJocation to the local heat flux and is indicative of the margin
to DNB. '

The minimnum value of the DNBR during steady-state operation, normal
operational transients, and anticipated transients is limited to 1.30. This
value corresponds to a 95X probability at a 95X confidence level that DNB will
not ?c$ur and is chosen as an appropriate margin to DNB for all operating
conditions.

The curves of Figure 2.1-1 show the loci of points of THERMAL POWER,
Reactor Coolant System pressure and average temperature for which the
ainimun DNBR 1{s no less than 1.30, or the average enthalpy at the vessel exit
is equal to the enthalpy of saturated liquid.

The curves are based on an enthalpy hot channel factor, F:H of 1.55 and
a reference cosine with a peak of 1.55 for axial power shape. An allowance is
fncluded for an increase in E:H at reduced power.based on the expression:

Fhy = 1.55 [1+ 0.3 (1-P)] Wwie=3-
N 2
B Pt i)

where P {s the fraction of RATED THERMAL POWER

These 1imiting heat flux conditions are higher than those calculated for
the range of all control rods fully withdrawn to the maximum allowable control
rod {nsertion assuming the axial power {mbalance {s within the l{mits of the
f: (A1) function of the Overtemperature trip. When the axial power fmbalance
1s not within the tolerance, the axial power {mbalance effect on the Over
temperature AT trip will reduce the Setpoints to provide protection consistent
with core Safety Limits.

DIABLO CANYON - UNITS 1 & 2 8 2-1 Amendeent Nos. 10, 8
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TABLE 2.2-1 (Continued)

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

TABLE NOTATIONS

NOTE 1:  OVERTEMPERATURE AT

1+1,5

AT < AT [K,-K, (m,s (T-T")+K5(P-P*)-1,(A1)]

Where: At

K2

)
I

= 87006685/p349; 0.60C56159 /ps)

Indicated AT at RATED THERMAL POWER;
Average teﬁberature, °F;

< 576. 6°F for Unit 1 and < 577.6°F for Unit 2 Reference T at
RATED THERMAL POWER; avg

Pressuri{zer pressure, psigf

2235 psig (indicated RCS nominal operating pressure);

The function generated by the lead=lag control1er for T

dynamic compensation; avg

Time constants utilized in the lead-lag controller for T g’ Ty = 30 s,
T, =4 s;

Laplace transform operator, s-1!;

1174, .14 6
0-033587°F; C. 0 L1493 /°F

Ve







TABLE 2.2-1 (Continued)

REACTOR ThIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

TABLE NOTATIONS (Continued)
NOTE 1 (Continued) .

and f1 (al) is a function of the indicated difference between top and bottom detectors

of the power-range nuclear fon chambers with gains to be selected based on measured
instrument response during plant startup tests such that:

%
(i) for q, - q, between - 32X and +749%, f1 (A1) =0
(where qQ, and q, are percent RATED THERMAL POWER in the top and bottom
halves of the core respectively, and q + q fs total THERMAL POWER in

percent of RATED THERMAL POWER).

¢ % T SLINN - NOANYI 018viQ

[

(i1) for each percent that the magnitude of (qt - qb) exceedi -0325.

<

@ the AT Trip Setpoint shall be automatically reduced byA of
its value at RATED THERMAL POWER.

9%
(iii) for each percent that the magnitude of (qt qb) exceed; +419%
the AT 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.

®







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 associated heat tracing
channel with:

1) A ninimum 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 145°F.
b. The Refueling Water Storage Tank (RWST) with:
1) A minimum contained borated water vofume of 50,000 gallons,

2) A minimum boron concentration ofppm,

3) A minimum solution temperature of 35°F.

APPLICABILITY: MODES S and 6.

ACTION:

With no borated water source OPERABLE, suspend all operations involving CORE
ALTERATIONS or positive reactivity changes.

SURVEILLANCE REQUIREMENTS

4.1.2.5 .The above required borated water source shall be demonstrated OPERABLE:
a. At least once per 7 days by:
1) Verifying the boron concentration of the water,
2) Verifyinﬁ the contained borated water volume, and

3) Verifying the boric acid storage tank solution temperature when
it i{s the source of borated water. .

b. At least once per 24 hours by verifying the RWST temperature when it

js the source of borated water and the outside ambient air temperature
is less than 35°F.

DIABLO CANYON - UNITS 1 & 2 3/4 1-12
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REACTIVITY CONTROL SYSTEMS

BORA%ED 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 gallod;,
2) A boron concentration between 20,000 and 22,500 ppm, and
3) A minimum solution temperature of 145°F.

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

1) A contained borated water volume of greater than or equal to

400,000 gallons, .
2500
2) A boron concentration between 2669 and\ 2a¢9Hpm, and

3) A minimum solution temperature of 35°F,
APPLICABILITY: MODES 1, 2, 3 and 4.
ACTION:

a. With 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 1X Ak/k at 200°F; restore the Boric Acid Storage System

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

b. With 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 & 2 3/4 1-13






K(Z) — NORMALIZED FalZ) ——»

CORE HEIGHT (FT) ==t

FIGURE 3.2-2

K(Z) = NORMALIZED Fy(Z) AS A FUNCTION OF CORE HEIGHT

CIAELO CANYON - UNITS 1 & 2
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DIABLO CANYON UNIT NO.1 AND NO.2
NORMALIZED FQ(Z) AS A FUNCTION OF CORE'HEIGHT
FIGURE 3.2-2
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POWER DISTRIBUTION LIMITS
3/4.2.3 RCS FLOW RATE AND NUCLEAR ENTHALPY RISE HOT CHANNEL FACTOR

LIMITING CONDITION FOR OPERATION

3.2.3 The combination of indicated Reactor Coolant System (RCS) total flow
rate and R shall be maintained 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
operation.

Where: N
R = Fa , foit

b pP= THERMAL POWER , and

* RATED THERMAL POWER

= Measured values of FZH obtained by using the movable incore
‘detectors to obtain a power distribution map. The measured
values of E:H shall be used to calculate R since Figure 3.2-3a

for Unit 1 and Figure 3.2-3b for Unit 2 include measurement
uncertainties of 3.5% for flow and 4X for {ncore measurement

N
of FAH‘
APPLICABILITY: MODE 1.
ACTION:
With the combination of RCS total flow rate and R outside the region of
:cceptgb1e operation shown on Figure 3.2-3a for Unit 1 and Figure 3.2-3b
or Unit 2: .

a. Within 2 hours either:

?
1. Restore the combination of RCS total flow rate and R to within
the above limits, or .

2.  Reduce THERMAL POWER to less than 50X of RATED THERMAL POWER
and reduce the Power Range Neutron Flux = High Trip Setpoint to
Tess than or equal to 55% of RATED THERMAL POWER within the
next 4 hours.

DIABLO CANYON = UNITS 1 & 2 3/4 2-9 Amendoent Nos. 10, 8
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/4.5 EMERGENCY CORE COOLING SYSTEMS
/4.5.1 ACCUMULATORS

L

|

L

|

LIMITING CONDITION FOR OPERATION a | -

aua—

3.5.1 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 ;nd 864 cubic feet

of borated water,
2200 )
c. A boron concentration of between 1596 4nd 2200 Ppm, and

d. A nitrogen cover-pressure of between 595.5 and 647.5 psig.

APPLICABILITY: MODES 1, 2 and 3.%*

ACTION:

a. With one accumulator fnoperable, except as a result of a closed
isolation valve, restore the inoperable 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.

b. 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. . .

SURVEILLANCE REQUIREMENTS

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 fsolation valve {s open.

*Pressurizer pressure above 1000 psig.

DIABLO CANYON - UNITS 1 & 2 3/4 5-1
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EMERGENCY CORE COOLING SYSTEMS

3/4.5.5 REFUELING WATER STORAGE TANK

LIMITING CONDITION FOR OPERATION

3.5.5 The Refueling Water Storage Tank (RWST) shall be OPERABLE with:

a. A ninimum contained borated water yolume of 400,000 gallons,
2300) (2500

b. A boron concentration of betweeni 2660 4nd| 2288 fprn, and

c. A minimum solution temperature of 35°F.

APPLICABILITY: MODES 1, 2, 3 and 4.

ACTION:

With the RWST {noperable, 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.

SURVETLLANCE REQUIREMENTS

4.5.5 The RWST shall be demonstrated OPERABLE:
a. At least once per 7 days by:
1) Verifying th; contained borated water volume in the tank, and
2) Verifying the boron concentration of the water.

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

DIABLO CANYON - UNITS T &'® 3/4 5991 ¥ >
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REACTIVI%Y CONTROL SYSTEMS
BASES

3/4.1.1.4 MINIMUM TEMPERATURE FOR CRITICALITY

This specification ensures that the reactor will not be made critical
with the Reactor Coolant System average temperature less than 541°F. This
limitation is required to ensure: (1) the moderator temperature coefficient is
within its analyzed tesperature range, (2) the protactive instrusentation is
- within its normal operating range, (3) the pressurizer is capable of being in
an OPERABLE status with a steam bubble, and (4) the reactor vessel is above its
nininum RTNDT temperature.

3/4.1.2 BORATION SYSTEMS

The boron injection system ensures that negative reactivity control is
available during each mode of facility operation. The components required to
perfora this function include: - (1) borated water sources, (2) charging pumps,
(3) separate flow paths, (4) boric acid transfer pumps, (5) associated heat
gacing systems, and (6) an emergency power supply from OPERABLE diesel genera-

rs.

With the RCS average temperature above 200°F, a minimum of two boron
injection flow paths are required to ensure single functional capabiiity in the
event an assused failure renders one of the flcw paths inoperable. The
boration capability of either flow path is sufficient to provide a SHUTDOWN
MARGIN from expected operating conditions af 1.6X Ak/k after xenon decay and
cooldown .to 200°F. The maximum expected boration capability requiresent occurs
at EOL from full power equilibrium xenen cenditioms and requires 5106 gallons
of 20,000 ppm borated watsr from the boric acid storsge tanks or 75,000 gallons
of (3300)ppm borated water from the refusling water sterage tank.

With the RCS temperature below 200°F, one Boron Injection System is
acceptable without single failure consideration on the basis of the stable
reactivity condition of the reactor and the additional restrictions prohibiting
CORE ALTERATIONS and positive reactivity change in the event the single injec-
tion system becomes 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 140°F.
.This condition requires either 835 gallons of 20,000 ppm borated water froa

- o€ | the boric acid storage tanks or 95630 gallons of @200) ppe borated water from
v T the refueling water storage tank.
J € -
(?7" The contained water volume limits include allowance for water not available

because of discharge line location and other physical chlrlcur‘ls‘tics.

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

DIABLO CANYON - UNITS 1 & 2 B 3/4 1-2






REACTIVITY CONTROL SYSTEMS .

BASES .
BORATION SYSTEMS (Continued)

MARGIN from expectad operatifhg cohditions of 1.6%°4 aftar xenon decay

and ¢gdldown|to 200°F. sax{ expected boration capsbility requipéeent.

s =lir, OL from full prwer equilibrium xenon ¢énditions and requires ° .
@5106] qalidns Jot §7000)/ppsiborated water from boric|acid storsde tanks ‘
or :i![tﬁ!][{llgnl,- @000 ppm)yborated water from the refueling T storage

With the RCS teerature below 200°F,/one Boron Injertion System is 'l
cceptable /without Single faflure|considdration on the bakis of the stable
reactivity/conditjon of the reactbr ang/the additional rejtriftions prohibiting

CORE ALTERATIONS /and positive reagtivity changes in the eyepf the single Boron
Injection (Systex becomes {noperable DA provioes )

The jimiYation for a maximum of one cantrifugal chafging pump to be
OPERABLE [and/the Surveillance Requirement to verify ald _charging pumps except
the requirsd OPERABLE pusp to be inoperable below {275]°F provides assurance |
that a s addition p gure transient t1ieved Dy the operation of a

pROVID

The contained wvater vofune-linwf?“knclude allowance for water not available
bacause of discharge line location and other physical characteristics.

n concentration of the RWST \

also ensure a pH value of between
within containment after a LOCA. s pH band/ainimizes the evolution of

iodine and minimizes the effect of Chloride caustic stress corrosion on
sechanical systeas and co-poncnts.é;pc> JS——

The OPERABILITY of one Boron INJ¥cIion System during REFUELING ensures
that this system 1s available for reactivity control while in MODE 6.

3/4.1.3 MOVABLE CDMFRQL ASSEMBLIES

The s fications of this section ensy : ) acceptable power gistri
bution 1igfts are sainta GIN is maintaintd, and
(3) the pbtential effects\of rod misali ated accident lyses are

position indidators {s reqpired to

deterafne control rod positions and redby ensure comyliance with/the control
rod alignoent and insertion Jimits./ Verification that|the Digi Rod Position
Indifator agrees with the depandeg/position within ¢ 4, 48, 120,
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L _EMERGENCY CORE COOLING SYSTEMS
(’3‘ l BASES
NNR

mp$t reachive pohtro) assembly.. These a€sumptions are consistént with the\LOCA
\ §nalyses. _ _ . .

e The contained water volume 1imit {ncludes an allowance for water not usable
because of tank discharge line location or other physical characteristics.

{t\\&‘ 3/4.5.5 REFUELING WATER STORAGE TANK
3 5.0 ——
\O/——_ The DPERABII of the Refueling Water Storage Tank (RWST) as part qf the
/ ECCS ensures, t4df a sufficiemt. suppTy of borated water is able for ihjec~
L tion by the ESCS in the event o a LOCA. The 1imits\op RWST mindgum volume
and boron.goncetkration ensure that; (1) sufficientWater is available within
N optaingent to petmit recirculation Booling flow<€o the core, and ( (3
Y readtgr will remainqiberitical in the\gold sondition folltqwi g of the
S RWST7ahd the RCS watervolumes with all epm€rol rods inser e€pt for the

DIABLD CANYDON - UNITS 1 &2 ~ ° B 3/4 5-3
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The OPERABILITY of the Refueling Water Storage Tank (RWST) as part of the
EECS 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 (ARI-1), 3) the reactor will remain subcritical in
thg cold condition following a large break LOCA (break flow area > 3.0
ft“) 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 ARI-1 and preclude fuel failure.

The maximum allowable value for the RWST boron concentration forms the
basis for determining the time (post-10CA) 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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CONTAINMENT SYSTEMS

BASES

3/4.6.2 DEPRESSURIZATION AND COOLING SYSTEMS

03/4.6.2.1 CONTAINMENT SPRAY SYSTEM

The OPERABILITY of the Containment Spray System ensures that containaent
depressurization and cooling capability will be avajlable in the event of a
LOCA. The pressure reduction and resultant Jower containment leakage rate are
consistent with the assumptions used 1n the safaty analyses. "

redundant to each other in providing post accident cooling of the containment
atmosphere. However, the Containment Spray System also provides a mechanism
. for removing fodine from the containment atmosphere and therefore the time
requirements for restoring an inoperable Spray System to OPERABLE status have
been maintained consistent with that assigned other {noperable ESF equipment.

N
CQ\ 3/4.6.2.2 SPRAY ADDITIVE SYSTEM

o\/ The Containment Spray System and the Contai{mment Cooling System are
N‘

e ———

The OPERABILITY of the Spray Additiye System ensuyrss that sufficient Wa
- ¥s added Xo the con nent spray~{n tht event o OCA. The \imits on Na

ninimum/vollme and tration e that: (JAthe fodine
ok the/spray wat tained bgcause of the/Inchease in pH val
corpssion effe ompbnexts within coqtaipment ard\ minimized.

water volume Ximit des nvillowance for/water not bgable becaus
discharge locatifn or otifer physical hcacteristics\ These af:
are consistert with the {odine remowal efficie assumed {1\ the safety_ a

\% 3/4.6.2.3 CONTAINMENT COOLING SYSTEM

The OPERABILITY of the containment fan cooler units ensures that: (1) the
containment air temperature will be maintained within limits during normal
operation, (2) adegquate heat removal capacity is availabla when operated in
conjunction with the containment spray systems during post LOCA conditions,
and (3) adequate mixing of the containment atmosphere following a LOCA to
prevent localized accumulations of hydrogen from excesding the flammable 1imit.

The Containeent Cosling System and the Containment Spray System are
redundant to each other in providing post accident cooling of the containment
atmosphere. As a result of this redundancy in cooling capability, the allowable
out of service time requirements for the Containmsent Cooling System have been
appropriately adjustad. Howsver, the allowable out of service time requirements
for the Containment Spray Systes have been maintained consistant with that
assigned other inoperable ESF equipment since the Containment Spray Systsm
also provides a sechanism for removing fodine from the containleent atmosphere.

DIABLO CANYDN = UNITS 1 & 2 B 3/4 5-3
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CONTAINMENT SYSTEMS
BASES

CONTATNMENT' SPRAY SYSTEM (Cont{nued)
[Credit taken for {odine removal]

The Containment Spray System and the Contz{nment Cooling Systea are redundant
to each other {n providing post-accident cooling of the containment atmosphere.
However, the Containment Spray Systes also provides a mechanism for resmoving
fodine from the containment atmosphere and therefors the time requirements for
restoring an {noperable Spray Systsm to OPERABLE status have been maintained |

/\} consistent with that assigned other inoperable ESF equipmsent.

[No credit taken for {odine resoval]

~nJ The Containment Spray System and the Containment Cooling System are redundant
to each other in providing post-accident cooling of the containsent atmosphere.
\9’ Since no credit has been taken for fodine removal by the Containment Spray System,
the allowable out-of-service time requiresents for the Containment Spray System
N and Containment Cooling System have been interrelatsd and adjustad to refle
~ this additional redundancy in cooling-capabiHity: 9 =
/

k) 3/4.6.2.2 SPRAY ADDITIVE SYSTEM [OPTIONAL] J.o

OPERABILITY of the Spray Additive Systes wunsures t suffjcient NaOH

15 gdd=d to the containment spray in the event of a LOCA./ The limits on MaOH
pvoltmgand concentration ensure a pH value of between [: and for the
solution recirculated within containment after a LOCA. This pH band minimizes
the evolution of fodine and minimizes the effect of chloride and caustic

. x\ stress corrosion on mechanical systems and components. The contained solution

volume 1imit includes an allowance for solution not usable because of tank
discharge l1ine location or other physical characteristics. These assumptions
are consistent with the {odine removal efficiency assumed in the safety analyses.

3/4:6.2.3 CONTAINMENT COOLING SYSTEM 6.2 2.3 CONTAINMENT COOLING SYSTEM [OPTIONAL]

, The OPERABILITY of the Containment Cooling Systes ensures that: (1) the l
containpent air temperature will be maintained within 1{mits during normal
operation, and (2) adequate heat resoval capacity is available when operated
in conjunction with the Containment Spray Systems during post-LOCA conditions.

[Cradit taken for fodine removal by spray systess)

The Containment Cooling System and the Containment Spray Systam are redun- [
dant to each other in providing post-accident cooling of the containment atmos-
phere. As a result of this redundancy in cooling capability, the allowable
out-of-service time requirements Yor the Containment Cooling System have been
appropriately adjusted. However, the allowable cut-of-service time requiresents l

for the Containment Spray Systen have been maintained consistent with that
assigned other {noperable ESF equipment since the Containment Spray Systes also
provides a sechanisa for resoving {od{ne from the containment atmosphere.

[No credit taken for fodine removal by spray systams]

The Containment Cooling System and the Containment Spray Systes are '
redundant to each other in providing post-accident cooling of the containment
atmosphere. Since no credit has been taken for {fodine resoval by the Contain- I
pent Spray System, the allowable out-of-service time requirements for the
Containment Cooling Systes and Containment Spray Systsa have been interrelated |
and adjusted to nﬂcct this additional redundancy §n cooling capacity.

W-ATMOSPHERIC B 3/4 6-4A
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APPENDIX 8B
RADIAL PEAKING FACTOR LIMIT REPORT

This Radial Peaking Factor Limit Report is p(ov%ded in accordance with
Paragraph 6.9.1.8 of the Diablo Canyon Unit 2 Nuclear Plant Technical

Specifications.
The ny limits for RATED THERMAL POWER within specific core planes shall be:

1. FE;P less than or equal to 1.836 for all core planes
containing bank "D" control rods, and

2. Fi;P less than or equal to 1.687 for all unrodded core
planes.

These ny(z) limits were used to confirm that the heat flux hot channel
factor FQ(z) will be Timited to the Technical Specification values of:

Fo(z) <L238L1K(2)] for P > 0.5 and,
FQ(z) < [4.64] [K(2)] for P < 0.5

assuming the most limiting axial power distributions expected to result from
the insertion and removal of Control Banks C and D 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 ny limits provide assurance
that the initial conditions assumed in the LOCA analyses are met, along with
the ECCS acceptance criteria of 10CFRS50.46.

¢~ Pat-C- velo
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LE 2

DIABLO CANYON UNIT 2 CYC
PEAKING FACTOR REPORT
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