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Gentlemen:

In accordance with 10CFR50.90, Public Service Electric & Gas
Company (PSE&G) requests a revision to the Technical
Specifications for Salem Generating Station Unit Nos. 1 and 2.

In accordance with 10CFR50.91(b) (1), a copy of this submittal has
been sent to the State of New Jersey.

The proposed Technical Specification (TS) changes contained
herein represent changes to the following Sections: 1.0
Definitions, 2.0 Safety Limits and Limiting Safety System
Settings, 3/4 1.0 Reactivity Control Systems, 3/4 2.0 Power
Distribution Limits, 5.0 Design Features, and 6.0 Administrative
Controls. These changes and those requested and approved in TS
Amendment 154/135, dated August 22, 1995, constitute the Fuel
Upgrade Margin Recovery Program. The previous amendment approved
the use of Vantage+ fuel.

This submittal includes the Margin Recovery portion of the
program. These changes incorporate the results of the revised
safety analyses (Margin Recovery) and the establishment -of a Core
Operating Limits Report (COLR). The NRC provided guidance for
establishing a COLR to control cycle specific TS limits in
Generic Letter 88-16 Removal of Cycle Specific Parameter Limits
for Technical Specifications, dated October 4, 1988.
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PSE&G requests these changes to support increased steam generator
tube plugging, improved fuel reliability, reduced fuel costs,
longer fuel cycles, reduced spent fuel storage, and enhanced
reactor safety. Steam generator tube inspections, being
performed during the current Unit 1 refueling outage (1R12), have
identified a large increase in the number of indications of
potential defects. PSE&G is evaluating these indications at this
time. Based on the conclusions of the evaluations which may
require increased steam generator tube plugging, PSE&G requests
approval of these TS changes to support startup of Salem Unit 1.

The proposed changes have been evaluated in accordance with
10CFR50.91 (a) (1), using the criteria in 10CFR50.92(c), and PSE&G
has concluded that this request involves no significant hazards
considerations.

The basis for the requested change is provided in Attachment 1.

A 10CFR50.92 evaluation with a determination of no significant
hazards consideration is provided in Attachment 2. Attachment 3
describes the results of the safety evaluations and analyses
which support implementation of the Margin Recovery Program. The
marked-up TS pages affected by the proposed changes are provided
in Attachment 4.

Upon NRC approval of this proposed change, PSE&G requests that
the amendment be made effective on the date of issuance, but
allow an implementation period associated with a refueling outage
to allow for the implementation of a cycle specific COLR. For
Salem Unit 1, PSE&G requests that implementation be prior to
startup (entry into Mode 2) from the current refueling outage,
current schedule is undefined. For Salem Unit 2, PSE&G requests
that implementation be extended to startup (entry into Mode 2)
from the next refueling outage, currently scheduled for Spring,
1997,

Should you have any questions regarding this request, we will be
pleased to discuss them with you.

Sincerely,

s 7
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C Mr. T. T. Martin, Administrator - Region I
U. S. Nuclear Regulatory Commission
475 Allendale Road
King of Prussia, PA 19406

Mr. L. Olshan, Licensing Project Manager - Salem
U. S. Nuclear Regulatory Commission

One White Flint North

11555 Rockville Pike

Mail Stop 14E21

Rockville, MD 20852

Mr. C. Marschall (X24)
USNRC Senior Resident Inspector - Salem

Mr. K. Tosch, Manager IV
Bureau of Nuclear Engineering
33 Arctic Parkway

CN 415

Trenton, NJ 08625
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STATE OF NEW JERSEY )
SS.
COUNTY OF SALEM )

L. F. Storz, being duly sworn according to law deposes and says:

I am Senior Vice President - Nuclear Operations of Public Service
Electric and Gas Company, and as such, I find the matters set
forth in the above referenced letter, concerning Salem Generating
Station, Units 1 and 2, are true to the best of my knowledge,
information and belief.

Subscribed and Sworn to before me
this [DEN  day of Y Atx A, 199

&=
ﬁotary Pubflcyof New Jersey

-

o KIMBERLY JO BROWR

_ _ _ MOTARY PUBLIC OF NEW JERSEY
My Commission expires on My Commission Fxnires April 21_1998
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SALEM GENERATING STATION UNIT NOS. 1 AND 2
FACILITY OPERATING LICENSES DPR-70 AND DPR-75
DOCKET NOS. 50-272 AND 50-311
CHANGE TO TECHNICAL SPECIFICATIONS
MARGIN RECOVERY PROGRAM

BASIS FOR REQUESTED CHANGE

REQUESTED CHANGE AND PURPOSE

The changes identified in Attachment 4, will implement the
revisions to the Technical Specifications (TS) necessary to
support the Margin Recovery Program (MRP). These changes support
increased steam generator tube plugging, improved fuel
reliability, reduced fuel costs, longer fuel cycles, reduced
spent fuel storage, and enhance reactor safety. These changes
include the following:

Core Operating Limits Report (COLR) - Cycle specific parameters
are being relocated from the TS Limiting Conditions for Operation
(LCO’s) into an administratively controlled plant document
referred to as the COLR. The NRC provided guidance for
establishment of a COLR in Generic Letter (GL) 88-16 - Removal of
Cycle-Specific Parameter Limits for Technical Specifications,
dated October 4, 1988. The COLR will be updated and submitted to
the NRC with each fuel cycle. A sample COLR is provided in
Enclosure 1 to Attachment 4. Cycle specific limits for the
following LCO’s are being relocated from the TS to the COLR:

- Moderator Temperature Coefficient

- Rod Insertion Limits

- Axial Flux Difference

- Heat Flux Hot Channel Factor F, (Z)

- Nuclear Enthalpy Hot Channel Factor F Ny

TS 6.9, Administrative Controls - Reporting Requirements, is
being revised to replace the administrative requirements for the
Radial Peaking Factor Limit Report with the controls for the
COLR.

Cross references to TS whose limits are moving to the COLR are
being revised to refer to the COLR.

Three-TLoop Operation - Changes are being made to eliminate
reference to three-loop operation since it is not presently
permitted nor analyzed.

Reactor Coolant System (RCS) Flow - The design RCS flow used to
calculate the low flow trip setpoint is being reduced.




Document Control Desk 2 LR-N96114
Attachment 1 LCR S§94-41

Reactor Core Safety Limits and Overtemperature Delta T (OTAT)/
Overpower Delta T (OPAT) Trip Functions - The equations for
calculating the OTAT and OPAT trip setpoints are being revised.
Figure 2.2-1 is being revised to reflect new core safety limits
defining acceptable operation.

Safety Limit Bases - The Bases are being revised to discuss the
measurement uncertainties relative to calculating Departure from
Nucleate Boiling Ratio (DNBR), to clarify the relationship
between control rod position and the FAH limits, and to refer to
the COLR.

Shutdown Margin - The minimum required shutdown margin in Modes 1
through 4 is being changed from 1.6% Ak/k to 1.3% Ak/k.

Departure From Nucleate Boiling (DNB) Parameters - The DNB
parameters of RCS T,,4, pressurizer, and RCS flow, are being
revised to include a change to the RCS flow measurement
uncertainty.

Editorial Changes - Although they are not directly related to
MRP, they are included herein for clarification:

- Specification 2.1.2 Reactor Coolant System Pressure is moved
to page 2.3. '

- The reference in specification 3.1.1.4 (3.1.1.3 for Unit 2)
Moderator Temperature Coefficient, Action a.l, is being
corrected from “3.1.3.6"” to “3.1.3.5.”

- Index pages IV and XI for Unit 2 only are being changed to
reference Nuclear Enthalpy Hot Channel Factor.

- On Table 2.2-1 Reactor Trip System Instrumentation Trip
Setpoints, T’ in Note 1 for Unit 2 only and T” in Note 2 are
being changed from “Reference T,,” to "Indicated T,,”.

- The Bases are being changed to refer to the “DNB design
criterion” rather than a specific numerical value for
minimum DNBR.
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BACKGROUND

PSE&G has been working with Westinghouse Corporation to provide
the capability for more efficient core designs and also increase
fuel reliability, decrease RCS coolant activity level, and
improve operating margins via revised safety analyses for Salem
Generating Station (SGS). The program that was developed to
accomplish this, termed Fuel Upgrade Margin Recovery Program
(FUMRP), consists of two related parts. The Fuel Upgrade portion
of the program pertaining to the use of ZIRLO-clad, VANTAGE+ fuel
has been approved for use at SGS Units 1 and 2 via License
Amendments 154/135, dated August 22, 1995. This upgraded fuel
design, in conjunction with the MRP changes proposed herein,
comprise the two elements of the FUMRP.

The revised safety analyses, which include the Westinghouse WCAP
for Revised Thermal Design Procedure (RTDP) discussed later,
result in additional DNBR margin. A portion of this margin will
be utilized to increase the allowable F,, peaking factor limit
which will permit a larger number of burned fuel assemblies to be
used on the core periphery (thereby reducing neutron leakage and
improving uranium utilization). Higher peaking factor limits can
also reduce the number of burnable absorbers required. The
higher allowable F, and F, peaking factors would facilitate the
design of lower leakage cycle loading patterns and will
contribute to reduced fuel costs, higher capacity factors,
increased operational flexibility, increased reactor vessel
lifetime, and decreased spent fuel storage/disposal.

Steam generator tube inspections being performed during the
current Unit No. 1 refueling outage (1R12) have identified a
large increase in the number of indications of potential defects.
PSE&G is evaluating these indications at this time. Based on the
conclusions of the evaluations, increased tube plugging may be
required. The MRP includes the analyses necessary to support a
reduced RCS flow and RCS volume and an increased steam generator
tube plugging limit of 20% average and 25% in any steam
generator.

JUSTIFICATION OF REQUESTED CHANGES
SUPPORTING ANALYSES

All of the licensing basis safety analyses that are affected by
the MRP have been evaluated. Attachment 3 provides details of
the evaluations and analyses that were performed to confirm the
acceptability of the MRP. The evaluations of the safety analyses
that support the MRP were performed by Westinghouse under the
cognizance of PSE&G.
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The licensing basis safety analyses described in Attachment 3
incorporate several improved analysis methodologies which are
briefly described below:

NOTRUMP Small Break Loss of Coolant Accident (LOCA) Methodology:
The MRP includes a complete spectrum Small Break LOCA analysis
utilizing the Emergency Core Cooling System (ECCS) NOTRUMP model.
This methodology was submitted to the NRC on April 2, 1993 and
approved via NRC letter dated August 25, 1993. This code has
been used to demonstrate SGS compliance with the ECCS performance
requirements in accordance with 10CFR50.46 for plant conditions
consistent with implementation of the MRP.

Nuclear Steam Supply System (NSSS) Components Structural Analysis
Using Leak-Before-Break Methodology: NSSS components structural
analyses were performed to support plant operating flexibility
(increased allowable steam generator tube plugging, reduced
allowable RCS flow, and increased allowable RCS T,,, range).
Consistent with current industry practices, these structural
analyses utilized the Leak-Before-Break methodology which
eliminated the requirement to analyze the instantaneous double-
ended guillotine break as applied to RCS Primary loop piping.
This methodology was submitted to the NRC and a safety evaluation
was received on May 25, 1994.

Revised Thermal Design Procedure (RTDP): RTDP is being applied to
transient analyses involving calculations of DNBR. Prior SGS
analyses used the Standard Thermal Design Procedure. In the
RTDP, uncertainties in initial conditions, peaking factors, and
DNB correlations are statistically combined to define the Design
Limit DNBR. Since the Design Limit DNBR accounts for these
uncertainties, the initial nominal condition of the operating
parameters and minimum measured RCS flow are used in the DNBR
analysis. The RTDP report is included as Enclosure A in
Attachment 3.

LOCA Containment Response Analysis: This analysis incorporates a
new methodology for the mass and energy release model, and is
included as Enclosure B to Attachment 3.

CONCLUSIONS

The proposed changes to the TS identified to support the MRP
incorporate the revised safety analyses which were performed
using the above listed methodologies. 1In addition, these changes
include the establishment of a COLR to control cycle specific
limits, consistent with GL 88-16. These changes and analyses
have been reviewed and evaluated by PSE&G and found to be
acceptable,
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SALEM GENERATING STATION UNIT NOS. 1 AND 2
FACILITY OPERATING LICENSES DPR-70 AND DPR-75
DOCKET NOS. 50-272 AND 50-311
CHANGE TO TECHNICAL SPECIFICATIONS
MARGIN RECOVERY PROGRAM

10CFR50.92 EVALUATION

Public Service Electric & Gas Company (PSE&G) has concluded that
the proposed changes to the Salem Generating Station Unit 1 and 2
Technical Specifications (TS) do not involve a significant
hazards consideration. In support of this determination, an
evaluation of each of the three standards set forth in 10CFR50.92
is provided below.

REQUESTED CHANGE

The proposed TS changes associated with the Margin Recovery
Program (MRP) revise sections 2.0 Safety Limits and Limiting
Safety System Settings, 3/4 1.0 Reactivity Control Systems,
3/4 2.0 Power Distribution Limits, 5.0 Design Features, and 6.0

‘ Administrative Controls. These changes incorporate the results
of the revised safety analyses. In addition, these changes
include the establishment of a Core Operating Limits Report to
control cycle specific TS limits consistent with Generic Letter
88-16 Removal of Cycle Specific Parameter Limits for Technical
Specifications, dated October 4, 1988.

BASIS

1. The proposed change does not involve a significant increase
in the probability or consequences of an accident previously
evaluated.

The accidents potentially affected by the parameters and
assumptions associated with the MRP have been evaluated/
analyzed and all design standards and applicable safety
criteria are met. The consideration of these changes does
not result in a situation where the design, material, or
construction standards that were applicable prior to the
change have been altered. Therefore, the changes occurring
with the MRP will not result in any additional challenges to
plant equipment that could increase the probability of any
previously evaluated accident.
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The changes associated with the MRP do not affect plant
systems such that their function in the control of
radiological consequences is adversely affected. The safety
evaluation documents that the design standards and
applicable safety criteria limits continue to be met and
therefore fission barrier integrity is not challenged. The
MRP changes have been shown not to adversely affect the
response of the plant to postulated accident scenarios. 1In
all cases, the calculated doses are within the regulatory
criteria and therefore do not constitute an increase in
consequences. These changes will, therefore, not affect the
mitigation of the radiological consequences of any accident
described in the Updated Final Safety Analysis Report
(UFSAR) .

Based on the above, it is concluded that the probability or
consequences of an accident previously evaluated is not
significantly increased by the proposed changes.

The proposed change does not create the possibility of a new
or different kind of accident from any accident previously
evaluated.

The possibility for a new or difference type of accident
from any accident previously evaluated is not created since
the changes associated with the MRP do not result in a
change to the design basis of any plant component or system.
The evaluation of the effects of the MRP changes shows that
all design standards and applicable safety criteria limits
are met. These changes therefore do not cause the
initiation of a new accident nor create any new failure
mechanisms. Component integrity is not challenged. The
changes do not result in any event previously deemed
incredible being made credible. The MRP changes will not
result in more adverse conditions and will not result in any
increase in the challenges to safety systems.

Therefore, the consideration of the MRP as described in the
safety evaluation does not create the possibility of a new
or different type of accident from any accident previously
evaluated.
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3. The proposed change does not involve a significant reduction
in a margin of safety.

The margin of safety is maintained by assuring compliance
with acceptance limits reviewed and approved by the NRC.
Since all of the appropriate acceptance criteria for the
various analyses and evaluations have been met, by
definition there has not been a reduction in any margin of
safety.

Therefore, the margin of safety as defined in the Bases to
the Salem Unit 1 and 2 Technical Specifications has not been
significantly reduced.

CONCLUSION

Based on the above, PSE&G has determined that the proposed
changes do not involve a significant hazards consideration.
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1.0 INTRODUCTION AND SUMMARY
1.1 Introduction

The Salem Nuclear Generating Station Unit 1 and Unit 2
proposes to implement the Technical Specification
changes associated with the Margin Recovery Program
(MRP) starting with Salem Unit 1 Cycle 14 and Salem
Unit 2 Cycle 11, respectively. This document
summarizes the safety evaluations/analyses that were
performed to confirm the acceptable implementation of
the MRP. Sections 2.0 through 4.0 of this document
provide the results of the Nuclear, Thermal and
Hydraulic, and Accident Evaluations, respectively.

1.2 Margin Recovery

The Margin Recovery Program supports the fcollowing
major changes: '

. Increased FYy and Fo(2) peaking factors. The full
power FY peaking factor design limit will
increase from the current value of 1.55 to 1.65.
The maximum F,;(Z) peaking factor limit will
increase from the current value of 2.32 to 2.40
and the K{(Z) envelope will be modified. These
increases will permit more flexibility in
developing fuel management strategies (i. e.,
longer fuel cycles, improvement of fuel economy
and neutron utilization).

. A decrease in shutdown margin from 1.6% Ak to 1.3%
Ak.
. Reduction of the Reactor Coolant System (RCS)

Thermal Design Flow (TDF) from 87,300 gpm/loop to
82,500 gpm/loop.

. Operation of the units at any RCS average
temperature (T..q) within the range of 566.0°F to
577.9°F.

. Increased Steam Generator Tube Plugging to an

average of 20% and peak level of 25%.

. Page 1 of 205 .
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. Implementation of the Revised Thermal Design
Procedure (WCAP-13651).

The accident analyses and components/systems analyses
have incorporated the input data and the operating
parameters which encompass the new operating conditions
of the Margin Recovery Program. The NSSS components
structural integrity analyses were performed to bound
the current Salem plant NSSS power level of 3423 MWt
(reactor power limit of 3411 MWt).

Conclusions

The results of evaluation/analysis described herein
lead to the following conclusions:

‘1. The change in the design full power F' limit from

1.55 to 1.65 (with appropriate treatment of
uncertainties) is supported by design basis safety
analyses summarized in this report. The
corresponding changes to the Technical
Specifications are as defined in Appendix A.

The change in the maximum Fo(Z) limit from 2.32 to
2.40 and modification to the K(Z) envelope is
supported by design basis safety analyses
summarized in this report. The corresponding
changes to the Technical Specifications are as
defined in Appendix A.

2. The reduction in shutdown margin is supported by'
the design basis safety analyses.

3. The core design and safety results documented in
this report show the core's capability for
operating safely with the Margin Recovery
parameters at the rated Salem Unit 1 and Unit 2
design thermal power.

4. This submittal establishes a reference upon which
to base reload safety evaluations for future
reloads.

Page 2 of 205
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NUCLEAR DESIGN
Introduction and Summary

The effects of the Margin Recovery Program and
associated Technical Specification changes on the
nuclear design bases and methodologies for Salem
Nuclear Generating Station Unit 1 and Unit 2 have been
evaluated.

The plant technical specifications that are established
by nuclear design have been reviewed. The technical
specification changes which impact the nuclear design
are the increase in the peaking factor limits and
shutdown margin. The increased peaking factor limits
and reduced shutdown margin requirements increase fuel
management flexibility (lower leakage, increased fuel
economy and increased nuclear design flexibility). 1In
summary, the Technical Specification changes associated
with the Margin Recovery Program will not cause changes
to the current Salem Unit 1 and Unit 2 UFSAR nuclear
design bases. Nuclear design methodology is not
affected by the Margin Recovery Program.

Methodology

No changes to the nuclear design philosophy, methods or
models are necessary because of the MRP Technical
Specification changes. The reload design philosophy
includes the evaluation of the reload core key safety
parameters which comprise the nuclear design dependent
input to the FSAR safety evaluation for each reload
cycle. These key safety parameters will be evaluated
for each Salem Unit 1 and Unit 2 reload cycle. If one
or more of the parameters fall outside the bounds
assumed in the safety analysis, the affected transients
will be re-evaluated/re-analyzed and the results
documented in the RSE for that cycle.

Page 3 of 205
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Design Evaluation - Power Distributions and Peaking
Factors

The implementation of increased radial and total
peaking factor limits will have minor impacts on the
core power distributions and peaking factors
experienced in Salem Unit 1 and Unit 2. The increased
radial peaking factor limit allows the concept of low
leakage fuel management to be extended by placing
additional burned fuel on the periphery of the core.
The reduction in power in the peripheral assemblies 1is
offset by increased power in the remaining assemblies.
This increased radial peaking is accommodated by
increasing the radial and total peaking factor limits.

Beyond the power distribution impacts already
mentioned, other changes to the core power
distributions and peaking factors are the result of the
normal cycle-to-cycle variations in core loading
patterns. The normal methods of feed enrichment
variation and insertion of fresh burnable absorbers
will be employed to control peaking factors.

Compliance with the peaking factor Technical
Specifications can be assured using these methods.

Nuclear Design Evaluation Conclusions

Power distributions may show slight changes as a result
of the increased peaking factor limits, in addition to
the normal variations experienced with different
loading patterns. The usual methods of enrichment and
burnable abscorber usage will be employed to ensure
compliance with the Peaking Factor Technical
Specifications.

Page 4 of 205
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TABLE 2-1
Range of Key Safety Parameters

Safety Parameter Current Design

Values
Reactor Core Power (MWt) 3411
Vessel Average Coolant Temp. HFP (°F) 577.9
Coolant System Pressure (psia) 2250
Core Average Linear Heat Rate (Kw/ft) 5.43
Most Positive MTC (pcm/°F) 0
0.43

Most Positive MDC (AK/g/cm’)

Doppler Temperature Coefficient (pcm/°F) -2.90 to -1.0
Doppler Only Power Coefficient (pcm/% Power)

-10.18 to -6.68

-18.4 to -12.6

Least Negative, HFP to HZP
Most Negative, HFP to HZP
Beta-Effective

Normal Operation Fay 1.55
(with uncertainties)

‘ Shutdown Margin (%Ap) ! 1.60
Normal Operation Fy 2.32

1 See Section 5.1.0.1
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THERMAL, AND HYDRAULIC DESIGN
Introduction and Summary

This section describes the calculational methods used
for the thermal-hydraulic analysis and DNB analysis.
Table 3-1 summarizes the thermal-hydraulic parameters
for Salem Unit 1 and Unit 2 that were used in this
analysis. The thermal-hydraulic criteria and methods
remain the same as those presented in the Salem Unit 1
and Unit 2 FSAR with the exceptions noted in the
following sections. All of the current FSAR thermal-
hydraulic design criteria are satisfied.

Methodology

The DNB analysis of the core incorporates the Revised
Thermal Design Procedure (RTDP, WCAP-13651) and an
Improved THINC-IV Model. The W-3 correlation and STDP
are still used when conditions are outside the range of
the WRB-1 correlation and the RTDP.

The WRB-1 DNB correlation is based entirely on rod
bundle data and takes credit for the significant
improvements in the accuracy of the critical heat flux
predictions over previous DNB correlations. With RTDP
methodology, uncertainties in plant operating
parameters, nuclear and thermal parameters, fuel
fabrication parameters, computer codes and DNB
correlation predictions are combined statistically to
obtain the overall DNB uncertainty factor which is used
to define the design limit DNBR that satisfies the DNB
design criterion. The criterion is that the
probability that DNB will not occur on the most
limiting fuel rod is at least 95% (at 95% confidence
level) for any Condition I or II event. Since the
parameter uncertainties are considered in determining
the RTDP design limit DNBR values, the plant safety
analyses are performed using input parameters at their
nominal values.

Page 6 of 205
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The uncertainties included in the combined peaking
factor uncertalnty are the nuclear enthalpy rise het
channel factor, (Fw),; the enthalpy rise engineering
hot channel factor, (F%..:); uncertainties in the
THINC-1IV and transient codes; and uncertainties, based
on surveillance data, associated with vessel coolant
flow, core power, coolant temperature, system pressure,
and effective core flow fraction (i.e., bypass flow).
The increase in DNB margin is realized when nominal
values of the peaking and hot channel factors are used
in the DNB safety analyses.

Instrumentation uncertainties are documented in the
Salem RTDP Instrument Uncertainty Methodology Report.
The following instrumentation uncertainties (which
bound the values from the above report) were used in
determining the DNBR design limits:

Power +1.6% =
RCS Flow +3.5%

Pressure +32 psi

Inlet Temperature +3.5 °F

For use in the DNB safety analyses, the DNBR limit is
conservatively increased to provide DNB margin to
offset the effect of rod bow, transition core and any
other DNB penalties$ that may occur, and to provide
flexibility in design and operation of the plant. The
safety analysis limit DNBR values of 1.34 for typical’
cells and 1.33 for thimble cells are employed in the
analysis.

Table 3-2 summarizes the available DNBR margin for
Salem Nuclear Generating Station Unit 1 and Unit 2.

Conclusion

The thermal hydraulic evaluation for the Margin
Recovery Program for Salem Unit 1 and Unit 2 has shown
that the DNB margin gained through use of the RTDP
methodology with the WRB-1 correlation is sufficient to
allow an increase in the full power F% from 1.55 to
1.65. All current thermal-hydraulic design criteria
are satisfied.
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TABLE 3-1
Salem Unit 1 and Unit 2
Thermal and Hydraulic Design Parameters

Thermal and Hydraulic Design Parameters (using RTDP) Design Parameters
Reactor Core Heat Output, Mwt 3,411
Reactor Core Heat Output, 10°, BTU/Hr 11,642
Heat Generated in Fuel, =« 97.4
Core Pressure, Nominal, psia ) 2265
Pressurizer Pressure, Nominal, psia 2250
Nuclear Enthalpy Hot Channel Factor* 1.65[1+0.3(1-P}},
where P = Thermal Pow ¢
Rated T.P.

HFP Nominal Coolant Conditions

Vessel Thermal Design Flow (TDF)

Rate (including Bypass), 10° lbm/hr 125.2
GPM 330,000
Core Flow Rate** '
(excluding Bypass, based on TDF) 116.2
10° lbm/hr 306,240
GPM 51.3
Core Flow Area, ft?
Core Inlet Mass Velocity, 2.27

10% 1bm/hr-ft? (Based on TDF)

* Includes 4% measurement uncertainty.
** Based on design bypass flow of 7.2%

. ~ Page 8 of 205
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TABLE 3-1
Salem Unit 1 and Unit 2
Thermal and Hydraulic Design Parameters (Continued)

Thermal and Hydraulic Design Parameters (based on TDF) Design Parameters
Nominal Vessel/Core Inlet Temperature, °F 543.2

Vessel Average Temperature, °F 577.9

Core Average Temperature, °F 582, 3%**

Vessel Outlet Temperature, °F / 612.6

Average Temperature Rise in Vessel, °F 69.4

Average Temperature Rise in Core, °F 74.2

Heat Transfer

Active Heat Transfer Surface Area, ft? 59,742
Average Heat Flux, BTU/hr-ft° 189,800
Average Linear Power, kw/ft 5.45
Peak Linear Power for Normal Operation, ****kw/ft 13.08
Peak Linear Power for Prevention of '
Centerline Melt, kw/ft 22.5
Pressure Drop Across Core, psi 22.2

**+ Based on average enthalpy in core.
**+** Based on maximum F, of 2.40.
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TABLE 3-2
DNBR Margin Summary*

DNB Correlation WRB-1
DNBR Correlgtion Limit 1.17
DNBR Design Limit (TYPICAL) 1.24
(THIMBLE) 1.24
DNBR Safety Limit (TYPICAL) 1.34
(THIMBLE) 1,33
Rod Bow DNBR Penalty 1.3%
Transition Core DNBR Penalty 0%
@
* Steamline break is analyzed using the W-3 correlation with STDP. The

correlation limit DNBR is 1.45 in the range of 500 to 1000 psia and the
safety limit DNBR is 1.667.

Rod withdrawal from subcritical and feedwater malfunction are analyzed
using the W-3 correlation with STDP below the bottom MV grid. The
correlation limit DNBR is 1.30 above 1000 psia and the safety limit DNBR
is 1.376 which covers the correlation limit plus rod bow penalty. WRB-1
with STDP is used for rod withdrawal from subcritical above the bottom
MV grid.
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ACCIDENT ANALYSIS

This Reload Transition Safety Report (RTSR) is provided
to support implementation of the Margin Recovery
Program (MRP). The safety analyses support the Margin
Recovery Program features described in Section 4.1.0.2.
Justification for the proposed MRP Technical
Specification changes is summarized for the non-LOCA
and LOCA design basis calculations in Sections 4.1 and
4.2, respectively.

NON-LOCA ACCIDENTS

This section summarizes the non-LOCA analyses and
evaluations performed to support MRP implementation at
Salem Units 1 and 2.

Peaking Factors and Shutdown Margin

The MRP analyses account for an increased enthalpy hot
channel factor (radial peaking, F'w) of 1.65 and heat
flux hot channel factor (total peaking, F,) of 2.40. F',
plays an important role in transients that are
departure from nucleate boiling (DNB)-limited. Since
FP's increases with decreasing power level (due to rod
insertion), all transients that may be DNB-limited are
assumed to begin with an F'w consistent with the
initial power level defined in the Technical
Specifications (Tech Specs). F,; is important for
transients that may be overpower-limited. F, may
increase with decreasing power level such that the
full-power hot spot heat flux is not exceeded

{i.e., Fox Power equals the design hot spot heat flux).
Consequently, all non-LOCA transients for this RTSR
that may be overpower-limited assumed an initial hot
full power F, of 2.40.

The analyses sensitive to minimum shutdown margin (SDM)
assumed 1.3% Dk.

Page 11 of 205

S \ADMINGRE2\ PUZLS\ PAM. DOC



4.1.0.2

ATTACHMENT 3
SUPPORTING FUMRP ANALYSES/EVALUATIONS

Margin Recovery Program Features

The Margin Recovery Program features which were
evaluated include:

a. A reactor coolant average temperature range from
566.0°F to 577.9°F

b. An NSSS power level of 3423 MWt (no uprated power
levels)

c. Reactor coolant system (RCS) thermal design flow
of 82500 gpm/loop

d. A 20% average steam generator tube plugging
(SGTP), not to exceed 25% in any steam generator

For most accidents which are DNR-limited, nominal

values of the initial conditions are assumed. The ]
uncertainty allowances on power, temperature, pressure,
and RCS flow are included on a statistical basis and
are included in the limit DNBR value by using the
Revised Thermal Design Procedure (RTDP). For accident
analyses which are not DNB limited, or for which RTDP
is not employed, the initial conditions are obtained by
applying the maximum steady-state errors to rated
values (Standard Thermal Design Procedure - STDP).

The following steady-state errors are considered in the
STDP analyses:

a. For core power, a 12% allowance for calorimetric
error is conservatively applied in the non-LOCA
accident analyses;

b. The average RCS temperature allowance for dead
band and system measurement error is *5°F, and

C. The pressurizer pressure allowance is 50 psi for
steady-state fluctuations and measurement errors.
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Accidents employing RTDP assume a minimum measured flow
(MMF), while others assume the thermal design flow
(TDF). In addition to being the flow used in the DNB
analysis for RTDP methodology, the MMF is bounded by
the Tech Specs minimum flow measurement requirement. A
MMF of 341000 gpm total includes allowance for plant
flow measurement uncertainty (including a conservative
flow allowance to bound the potential effects of cold
leg streaming).

Other Major Items

a. The non-LOCA MRP analyses apply for either the
analog or digital feedwater control system.

b. Since the Salem units are not licensed for N-1
loop operation, the non-LOCA portion of the MRP
addressed only operation with all four RCS loops

operating.
c. ANS 5.1-1979 Residual Decay Heat is assumed (plus
2 Sigma). The fission product contribution to

decay heat assumed in the non-LOCA analyses 1is the
decay heat model increased by two standard
deviations for conservatism.

Overtemperature-and Overpower-DT

The overtemperature - and overpower-DT (OT/OPDT)
setpoints were recalculated for the FU/MRP based on the
most conservative core limits. The most conservative
core limits were based on RTDP safety limits as
described in RTSR Section 4.0. The core limits used to
calculate the OT/OPDT setpoints are provided in Figure
4.1-1 and in Tech Spec Figure 2.1-1. The UFSAR events
that rely on OT/OPDT for protection were reanalyzed to
reflect the setpoint changes, as provided in the
revised Tech Specs. It has been confirmed that these
OT/OPDT setpoints protect the core safety limits as
shown in Figure 4.1-2.
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RCCA Reactivity Characteristics

The negative reactivity insertion following a reactor
trip is a function of the acceleration of the RCCAs and
the variation in rod worth as a function of rod
position. With respect to the accident analyses, the
critical parameter is the time from beginning of RCCA
insertion to dashpot entry, or approximately 85% of the
RCCA travel. For the accident analyses, the insertion
time from fully withdrawn to dashpot entry remains at
the Tech Spec limit of 2.7 seconds from the beginning
of stationary gripper voltage decay.

The UFSAR contains three figures relating to RCCA drop
time and reactivity worth. The rod drop time remains
at 2.7 seconds from fully withdrawn to the dashpot.
The RCCA position (percent insertion) versus the time
from release is presented in Figure 4.1-3. This
figure has not changed from the current UFSAR. The
normalized reactivity worth assumed in the MRP safety
analyses is shown in Figures 4.1-4 and 4.1-5, which
present the worth versus rod insertion and time from
release, respectively.

For analyses requiring the use of a dimensional
diffusion theory code, the negative reactivity
insertion resulting from the reactor trip is calculated
directly by the reactor kinetic code and is not
separable from other reactivity feedback effects. 1In
this case, the RCCA position versus time of

Figure 4.1-3 is used.

Reactivity Coefficients

The transient response of the RCS is dependent on
reactivity feedback effects, in particular the MTC and
the Doppler power coefficient (DPC). Depending upon
event specific characteristics, conservatism dictates
use of either large or small reactivity coefficient
values. Justification for the use of the reactivity
coefficient values is treated on an event-specific
basis.
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4.1.0.7 Non-LOCA Events Evaluated or Analyzed

The effect of MRP implementation on each of the UFSAR
transients listed on Table 4.1-1 were evaluated or
analyzed. These transient evaluations and analyses
demonstrate that all applicable safety analysis
acceptance criteria continue to be met.
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Figure 4.1-1
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Figure 4.1-2
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Figure 4.1-3

RCCA Position (Inserticn) vs
Time From Release
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Figure 4.1-4

Normalized RCCA Reactivity Worth vs
Percent Insertion
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Figure 4.1-5

Normalized RCCA Bank Reactivity Worth vs

Time After Trip
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Uncontrolled RCCA Bank Withdrawal From a Subcrltlcal
Condition (UFSAR 15.2.1)

Accident Description:

A Condition II event, an RCCA withdrawal accident is
defined as an uncontrolled addition of reactivity to
the reactor core caused by withdrawal of RCCA banks
resulting in a power excursion.  This Condition II
transient can occur with the reactor either

‘subcritical, at HZP, or at power. The "at power" case

is discussed in Section 4.1.2.

The neutron flux response to a continuous reactivity
insertion is characterized by a very fast flux increase
terminated by the reactivity feedback effect of the
negative Doppler coefficient. This self limitation of

the power burst is of primary importance since it
‘limits the power to a tolerable level during the delay

time for protective action. Should a continuous
control rod assembly withdrawal event occur, the

following automatic features of the reactor protection

system are-available to terminate the transient.

a. The SOurce range high~neutron flux reactor tfip;

b. ‘'The intermediate range high neutron flux reactor
trip.

c. ' The power range high neutron flux‘reacter trip

(low setting).

d. The power range high neutron flux reactor trip
(high setting).

e. The high nuclear flux rate reactor trip.

A’In addition, control rod stops on high intermediate

range flux and high power-range flux signals serve to
cease rod withdrawal and prevent the need to actuate
the intermediate-range flux reactor trip and the power-
range flux reactor trip, respectively.
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Method of Analysis:

The analysis of the uncontrolled RCCA bank withdrawal
from subcritical accident is performed in three stages.
First, a spatial neutron kinetics computer code,
TWINKLE, is used to calculate the core average nuclear
power transient, including the various core feedback
effects, i.e., Doppler and moderator reactivity.
FACTRAN then uses the average nuclear power calculated
by TWINKLE and performs a fuel rod transient heat
transfer calculation to determine the average heat flux

and temperature transients. Finally, the average heat
flux calculated by FACTRAN is used in THINC for DNBR
calculations.

In order to give conservative results for a startup
_accident, .the following assumptions are made:

|

|

a. A conservatively low (absolute magnitude) value |
for the Doppler power defect is used.

b. The effective MTC used in the RWFS event analysis
‘ bounds the least negative MTC allowed for Salem
Units 1 and 2.

c. The analysis assumes the reactor to be at a HZP
nominal temperature of 547°F. This assumption is
more conservative than that of a lower initial
system temperature (i.e., shutdown conditions).

d. Reactor trip is assumed to be initiated by power-
range high neutron flux (low setting). In
addition, the total reactor trip reactivity is
based on the assumption that the highest worth rod
cluster control assembly is stuck in its fully
withdrawn position.

e. The maximum positive reactivity insertion rate
assumed bounds that for the simultaneous
withdrawal of the two sequential control banks
having the greatest combined worth at a
conservative speed (45 in./min, which corresponds
to 72 steps/min).
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f. The DNB analysis assumes the most-limiting axial
and radial power shapes possible during the fuel
cycle associated with having the two highest
combined worth banks in their high worth position.

g. The analysis employs the STDP methodology.

Results:

Figures 4.1.1-1 and 4.1.1-2 show the transient behavior
for the indicated reactivity insertion rate. Figure
4.1.1-1 shows the neutron flux transient. The neutron
flux overshoots the full power nominal value for a very
short period of time; therefore, the energy release and

fuel temperature increase are relatively small. The
heat flux response, of interest for the DNB
considerations, is alsc shown in Figure 4.1.1-1. The

beneficial effect of the inherent thermal lag in the
fuel is evidenced by a peak heat flux of much less than
the nominal full power value. Figure 4.1.1-2 shows the
transient response of the hot spot fuel temperatures.
Table 4.1.1-1 presents the calculated sequence of
events. For this event the minimum DNBR remains above
the safety analysis limit value at all times.

Conclusions:

In the event of an RCCA bank withdrawal accident from a
subcritical condition, the core and the RCS are not
adversely affected since the combination of thermal
power and coolant temperature result in a DNBR greater
than the safety analysis limit value.
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Table 4.1.1-1

, Sequence of Events :
Uncontrolled RCCA Withdrawal From a Subcritical Condition

» ‘ Time
Event _ (secopdsy

Initiation of Uncontrolled RCCA Bank Withdrawal 0.0
Power Rnage High Neutron Flﬁx Low Setpoint Reached ) | 1Q.4
Peak Nuciear Ppwerldccurs ' '. A o 10.6
Rod Motion Begins “ | 1049
Peak Heat Flux Occurs . ' - o 12.7
Minimum DNBR dccurs. , S v o "12.7
Peak Ciad.Temperatureloccurs' | B 13.5
Peak Fpel AVerage Temperature Occurs . : .13.7
Peak Fuel Centerline Temperature 6ccurs :‘ 14.2
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Figure 4.1.1-1

Uncontrolled Rod Cluster Control Assembly
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Figure 4.1.1-2

Uncontrolled Rod Cluster Control Assembly
Bank Withdrawal From Subcritical
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I 4.1.2 Uncontrolled RCCA Bank Withdrawal at Power
(UFSAR 15.2.2)

Accident Description:

The uncontrolled rod cluster control assembly (RCCA)
bank withdrawal at power event is defined as the
inadvertent addition of reactivity to the core caused
by the withdrawal of RCCA banks when the core is above
the nc-load condition. The reactivity insertion '
resulting from the bank withdrawal will cause an
increase in core nuclear power and subsequent increase
in core heat flux. A RCCA bank withdrawal can occur
with the reactor subcritical, at HZP, or at power. The
uncontrolled RCCA bank at power event is analyzed for
Mode 1 (power operation). The uncontrolled RCCA bank
withdrawal from a subcritical or low power condition is
considered in Section 4.1.1.

To prevent the core damage which might otherwise result
from this event, the RPS is designed to automatically
terminate .any such event before the DNBR falls below
the limit wvalue, the fuel rod kW/ft limit is reached,
the peak pressures exceed their respective limits, or
the pressurizer fills. Depending on the initial power
level and the rate of reactivity insertion, the reactor
may be tripped and the RCCA withdrawal terminated by
any of the following trip signals:

a. power-range neutron flux

b. overtemperature DT

c. overpower DT

d. high pfessurizer pressure

e. high pressurizer water level
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Method of Analysis:

The RCCA bank withdrawal at power transient is analyzed
with the LOFTRAN computer program for a spectrum of
positive reactivity insertion rates. Since the RTDP
was used in the analysis, the initial conditions for
power, RCS pressure, and Ta,g are at the nominal values.
In performing the analysis, the following assumptions
are made to ensure bounding results are obtained for
all possible normal operating conditions.

a. Two reactivity coefficient conditions are
analyzed:
1. Minimum Reactivity Feedback. A least

positive moderator density coefficient of
reactivity 1s assumed, corresponding to
beginning of cycle life (BOL) core
conditions. A conservatively small (absolute
magnitude) Doppler Power Coefficient (DPC),
variable with core power, was used in the
analysis.

2. Maximum Reactivity Feedback. A
conservatively large positive moderator
density coefficient and a large (absolute
magnitude) DPC are assumed.

b. A conservatively high setpoint was assumed for the
high neutron flux reactor trip. The OTDT reactor
trip function includes all adverse instrumentation
and setpoint errors. Delays for trip actuations
bound those values allowed by the Salem Unit 1 and
2 Technical Specifications.

c. The trip reactivity is based on the assumption
that the highest worth RCCA is stuck in its fully
withdrawn position. A conservative trip
reactivity worth versus rod position was modeled.

d. A range of reactivity insertion rates is examined.
The maximum positive reactivity insertion rate is
greater than that for the simultaneous withdrawal
of the two control banks having the maximum
combined worth at maximum speed.
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e. Power levels of 10%, 60% and 100% power are
considered.
Results:

Figures 4.1.2-1 and 4.1.2-2 show the transient response
for a rapid RCCA withdrawal (75 pcm/sec) incident
starting from full power. Reactor trip on high neutron
flux occurs shortly after the start of the accident.

The transient response for a slow RCCA bank withdrawal
from full power is shown in Figures 4.1.2-3 and
4.1.2-4. Reactor trip on OTDT occurs after a longer
period and the rise in temperature is consequently
larger than for rapid RCCA bank withdrawal.

Figure 4.1.2-5 shows the minimum DNBR as a function of
reactivity insertion rate from initial full power
operation for minimum and maximum reactivity feedback.
It can be seen that the high neutron flux and OTDT
reactor trip channels provide protection over the whole
range of reactivity insertion rates.

Figures 4.1.2-6 and 4.1.2-7 show the minimum DNBR as a
function of reactivity insertion rate for RCCA
withdrawal incidents initiating from 60% and 10% power
levels, respectively, for minimum and maximum
reactivity feedback. The results are similar to the
100% power case, except as the initial power is
decreased, the range over which the OTDT trip is
effective is increased.

The shape of the curves of minimum DNBR versus
reactivity insertion rate in the reference figures is
due to reactor core and coolant system transient
response and to protection system action in initiating
a reactor trip. 1In all cases margin to DNB is
maintained as the DNBR calculated meets the safety
analysis DNBR limit.

The calculated sequence of events for an RCCA bank

withdrawal from full power for a large and small
reactivity insertion rate are shown in Table 4.1.2-1.
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Conclusions:

In the event of an uncontrolled RCCA bank withdrawal at
power, the high neutron flux, high pressurizer
pressure, and OTDT trip channels provide adequate
protection over the entire range of possible reactivity
insertion rates. The calculated DNBR is always greater
than the safety analysis limit value and pressurizer
filling does not occur. In addition, peak pressures in
the RCS and secondary steam system do not exceed 110%
of their respective design pressures.
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Table 4.1.2-1
Sequence of Events
Uncontrolled RCCA Withdrawal at Power
High Reactivity Insertion Rate
Event

Initiation of uncontrolled RCCA withdrawal at a high
reactivity insertion rate (75 pcm/sec)

Power-range high neutron flux high trip point reached
Rod motion begins

Minimum DNBR occurs

Low Reactivity Insertion Rate
Event

Initiation of uncontrolled RCCA withdrawal at a low
reactivity insertion rate {3 pcm/sec)

Overtemperature AT reactor trip signal initiated

Rod motion begins

Minimum DNBR occurs
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Figure 4.1.2-1

Uncontrolled RCCA Bank Withdrawal At Power
(75 pcam/sec - Full Power) High Neutron Flux Trip
(Maximum Feedback)
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Figure 4.1.2-2

Uncontrolled RCCA Bank Withdrawal At Power
(75 pem/sec - Full Power) High Neutron Flux Trap
(Maximum Feedback)
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Figure 4.1.2-3

Uncontrolled RCCA Bank Withdrawal At Power
(3 pam/sec - Full Power) Overtemperature AT Trip
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Figure 4.1.2-4

Uncontrolled RCCA Bank Withdrawal At Power

(3pam/sec - Full Power) Overtemperature AT Trip
(Maximum Feedback)
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Figure 4.1.2-5

Uncontrolled RCCA Bank Withdrawal At Power
(Full Power)
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Figure 4.1.2-6

Uncontrolled RCCA Bank Withdrawal At Power
(60% Power)
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Figure 4.1.2-7

Uncontrolled RCCS Bank Withdrawal At Power
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4.1.3 Rod Cluster Control Assembly Misalignment
(UFSAR 15.2.3)

Accident Description:

The Condition II rod cluster control assembly (RCCA)
misalignment accidents include: .

a.

b.

C.

A dropped full-length assembly;
a dropped full-length assembly bank; and

statically misaligned assembly.

A dropped RCCA or RCCA banks are detected by: -

a.

o .
d.

e.

Sudden drop in the core power level as seen by the
Nuclear Instrumentation System;

Asymmetric power distribution as seen on out-of-
core neutron detectors or core exit thermocouples;

Rod bottom light(s); .
Rod deviation alarm; and

Rod position indication.

Misaligned RCCAs are detected by:

a.

b.

. $:\ADMINGRP\FUELS\ PAM. DOC

Technical Specification surveillances;

Asymmetric power distribution as seen on out-of-
core neutron detectors or core exit thermocouples;

Rod deviation alarm; and

‘Rod position indicators.
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Method of Analysis:

One or More Dropped RCCAs from the Same Group

The LOFTRAN computer code calculates the transient
system response for the evaluation of the dropped RCCA
event. The code simulates the neutron kinetics, RCS,
pressurizer, pressurizer relief and safety valves,
pressurizer spray, steam generator, and main steam
safety valves. The code computes pertinent plant
variables including temperatures, pressures, and power
level.

Transient RCS statepoints (temperature, pressure and
power) are calculated by LOFTRAN. Nuclear models are
used to obtain a hot channel factor consistent with the
primary system conditions and reactor power. By
incorporating the primary conditions from the transient
analysis and the hot channel factor from the nuclear
analysis, the DNB design basis is shown to be met using~
the THINC code. Note that the analysis does not take
credit for the power-range negative flux rate reactor
trip.

Dropped RCCA Bank

A dropped RCCA bank results in a symmetric power change
in the core.

Statically Misaligned RCCA (Single RCCA)

Steady-state power distributions are analyzed using
appropriate nuclear physics computer codes. The
peaking factors are then used as input to the THINC
code to calculate the DNBR. The analysis examines the
following cases: the worst rod withdrawn with bank D
inserted at the insertion limit, the worst rod dropped
with bank D inserted at the insertion limit, and the
worst rod dropped with all other rods out, all with the
reactor initially at full power. The analysis assumes
this incident to occur at BOL since this results in the
least-negative value of the MTC. This assumption
minimizes the tendency of the MTC to flatten the power
distribution.
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Statically Misaligned RCCAs

Steady-state power distributions and peaking factors
are used to calculate the DNBR. The analysis examines
the following cases: the worst rod withdrawn with bank
D inserted at the insertion limit, the worst rod
dropped with bank D inserted at the insertion limit,
and the worst rod dropped with all other rods out, all
with the reactor initially at full power. The analysis -
assumes this incident to occur at BOL since this
results in the least-negative value of the MTC. This
assumption minimizes the tendency of the MTC to flatten
the power distribution.

Results:

One or More Dropped RCCAs

Single or multiple dropped RCCAs within the same grodp

result in a negative reactivity insertion. The core 1is

not adversely affected during this period, since power
is decreasing rapidly. Either reactivity feedback or
control bank withdrawal will re-establish power.

Following a dropped rod event in manual rod control,
the plant will establish a new equilibrium condition.
Without control system interaction, a new equilibrium
is achieved at a reduced power level and reduced
primary temperature. Thus, the automatic rod control
mode of operation is the limiting case.

For a dropped RCCA event in the automatic rod control
mode, the rod control system detects the drop in power
and initiates control bank withdrawal. Power overshoot
may occur due to this action by the automatic rod
controller after which the control system will insert
the control bank to restore nominal power. Figures
4.1.3-1 and 4.1.3-2 show a typical transient response
to a dropped RCCA (or RCCAs) in the automatic rod
control mode. In all cases, the minimum DNBR remains
above the limit value.
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Dropped RCCA Bank

A dropped RCCA bank results in a negative reactivity
insertion greater than 500 pcm. The core 1is not
adversely affected during the insertion period, since
power 1s decreasing rapidly. The transient will
proceed as described previously in the "One or More
Dropped RCCAs" section; however, the return to power
will be less due to the greater worth of the entire
bank. The power transient for a dropped RCCA bank is
symmetric.

Statically Misaligned RCCA (Single RCCA)

The most-severe misalignment situations with respect to
DNBR at significant power levels arise from cases in
which one RCCA is fully inserted with either all rods
out or bank D at its insertion limit, or where bank D
is inserted to its insertion limit with one RCCA fully
withdrawn. Multiple independent alarms, including a
bank insertion limit alarm, alert the operator well
before the transient approaches the postulated
conditions. The bank can be inserted to its insertion
limit with any one assembly fully withdrawn or inserted
without the DNBR falling below the limit wvalue.

Conclusions:

For cases of dropped RCCAs or dropped banks
encompassing all possible dropped rod worths, the DNBR
remains greater than the limit value; therefore, the
DNB design criterion is met. For all cases of any
single or multiple RCCAs fully inserted, or bank D
inserted to its rod insertion limits with any single or
multiple RCCAs in that bank fully withdrawn (static
misalignment), the DNBR remains greater than the limit
value. '
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Figure 4.1.3-1

Transient Response to Dropped
Rod Cluster Control Assembly
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Figqure 4.1.3-2

Transient Response to Dropped
Rod Cluster Control Assembly
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4.1.4 Uncontrolled Boron Dilution (UFSAR 15.2.4)

Accident Description:

Reactivity can be added to the core by feeding primary-
grade water into the RCS via the reactor makeup portion
of the chemical and volume control system. Boron
dilution is a manual operation under strict
administrative controls, with procedures calling for a
limit on the rate and duration of dilution. A boric
acid blend system is provided to permit the operator to
match the boron concentration of reactor coolant makeup
water during normal charging to that in the RCS. The
chemical and volume control system is designed to
limit, even under various postulated failure modes, the
potential rate of dilution to a value which, after
indication through alarms and instrumentation, provides
the operator sufficient time to correct the situation
in a safe and orderly manner.

Method of Analysis:
Dilution During Refueling (Mode 6)

Administrative controls help preclude an uncontrolled
boron dilution accident from occurring by isolating the
reactor makeup water system from the RCS during
refueling. Dilution flow is the maximum capacity of
the primary makeup water pumps, 300 gpm.

Dilution During Startup (Mode 2)

During startup rod control is assumed to be in manual.
All normal actions required to change power level
require operator initiation.

Conditions assumed for the analysis are:

Dilution flow is the maximum capacity of the primary
makeup water pumps, 300 gpm.

A minimum RCS water volume corresponding to the active
RCS volume (e.g., not including the pressurizer volume)
and accounting for 20% steam generator (SG) tube
plugging is assumed.
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Dilution at Power

With the unit at power and the RCS at pressure, the
dilution rate is limited by the capacity of the
charging pumps. Dilution flow is 236 gpm. The
reactivity rate used in the following evaluation is
approximately 1 pcm/sec.

A minimum RCS water volume corresponding to the active
RCS volume (e.g., not including the pressurizer volume)
and accounts for 20% SG tube plugging.

The at power event is analyzed for manual and automatic
rod control.

Results:
Dilution During Refueling

For dilution during refueliﬁg, the minimum time
required for the SDM to be lost and the reactor to

‘ ' become critical is 30 minutes.
For Dilution During Startup
For dilution during startup, the minimum time required

for the SDM to be lost and the reactor to become
critical is 19 minutes.

For Dilution at Power

With the reactor in automatic control at full power,
the power and temperature increase from a boron
dilution results in the insertion of the rod cluster
control assemblies (RCCA) and decrease in shutdown
margin (SDM). Continuation of the dilution and RCCA
insertion would cause the assemblies to reach the
minimum limit of the rod insertion monitor. Before
reaching this point, however, two alarms are actuated
to warn the operator of the accident condition. The
first of these, the low insertion limit alarm, alerts
the operator to initiate normal boration. The other,
the low-low insertion limit alarm, alerts the operator
to follow emergency boration procedures.
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The low alarm is set sufficiently above the low-low
alarm to allow normal boration without the need for
emergency procedures. If dilution continues after
reaching the low-low alarm, it takes approximately
18.3 minutes before SDM is lost due to the dilution.

With the reactor in manual control, if no operator
action is taken, the power and temperature rise causes
the reactor to reach the OTDT trip setpoint. The boron
dilution accident in this case is essentially identical
to a rod cluster control assembly withdrawal accident
at power. Prior to the OTDT trip, an OTDT alarm and
turbine runback would be actuated. There is time
available (approximately 16.3 minutes) after a reator
trip for the operator to determine the cause of the
dilution, isolate the source, and initiate reboration
before a return to criticality would occur.

The time sequence of events is provided in Table
4.1.4~-1.

Conclusions:

The boron dilution analyses have shown acceptable
results given the MRP implementation.
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Table 4.1.4-1

Sequence of Events
Uncontrolled Boron Dilution

Event

Dilution begins

Operator isolates source of
dilution; minimum margin to
criticality occurs

Dilution begins

Operator i1solates source of
dilution; minimum margin to
criticality occurs

Dilution begins

Automatic reactor control 1,3% shutdown margin lost

Mode 1

Dilution begins

Manual reactor control OTAT reactor trip signal reached

$:\ADMINGRE\FUELS\ PAM. DOC

Rod motion begins
1.3% shutdown is lost if
dilution continues after trip
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Loss of Forced Reactor Coolant Flow

The Loss of Reactor Coolant Flow events consist of the
following transients:

4.1.5.1 Partial Loss of Reactor Coolant Flow
(UFSAR 15.2.5)
4.1.5.2 Complete Loss of Reactor Coolant Flow
(UFSAR 15.3.4)
4.1.5.3 Single Reactor Coolant Pump Locked Rotor and
Reactor Coolant Pump Shaft Break
(UFSAR 15.4.5)

Partial Loss of Forced Reactor Coolant Flow
(UFSAR 15.2.5)

Accident Description:

A Condition II event, a partial loss of flow accident
can result from a mechanical or electrical failure in
an RCP, or from a fault in the power supply to the RCP.
If the reactor is at power at the time of the accident,
the immediate effect of a loss of flow is a rapid
increase in the coolant temperature. This increase
could result in DNB with subsequent fuel damage if the
reactor is not tripped promptly.

The necessary protection against a partial loss of
coolant flow accident is provided by the low primary
coolant flow reactor trip signal which is actuated in
any reactor coolant loop by two out of three low flow
signals. BAbove Permissive 8, low flow in any loop will
actuate a reactor trip. Between approximately 10%
power (Permissive 7) and the power level corresponding
to Permissive 8, low flow in any two loops will actuate
a reactor trip.

Method of Analysis:

The loss of two reactor coolant pumps with four loops
in operation is analyzed to show that the integrity of
the core is maintained as the DNBR remains above the
safety analysis limit wvalue.
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The partial loss of flow (PLOF) event is analyzed with
three computer codes. First, the LOFTRAN computer code
is used to calculate the loop and core flow during the
transient, the time of reactor trip based on the
calculated flows, the nuclear power transient, and the
primary system pressure and temperature transients.

The FACTRAN computer code is then used to calculate the
heat flux transient based on the nuclear power and RCS
flow from LOFTRAN. Finally, the THINC computer code is
used to calculate the DNBR during the transient based
on the heat flux from FACTRAN and RCS flow from
LOFTRAN. The DNBR transients presented represent the
minimum of the typical or thimble cell.

This event is analyzed with the RTDP. Initial reactor
power, pressurizer pressure and RCS temperature are
assumed to be at their nominal values. A

conservatively large absolute value of the DPC is used.
This results in the maximum core power during the
initial part of the transient when the minimum DNBR is -~
reached.

A conservative trip reactivity is used and is based on
the assumption that the highest worth RCCA is stuck in
its fully withdrawn position. A conservative trip
reactivity worth versus rod position was modeled in
addition to a conservative rod drop time.

The analysis is performed to bound operation with steam
generator tube plugging levels up to; 1) a maximum
uniform steam generator tube plugging level of £ 20%,
and 2) asymmetric steam generator tube plugging
conditions with an average steam generator tube
plugging level of £ 20% and a maximum steam generator
tube plugging level of 25% in any steam generator.

Results:

Figures 4.1.5.1-1 and 4.1.5.1-2 illustrate the transient
response for the PLOF event. Figure 4.1.5.1-2 shows
that the DNBR always remains above the limit value.

The PLOF minimum DNBR is greater than the more limiting
DNBR calculated for the complete loss of flow
underfrequency event (Section 4.1.5.2).
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The calculated sequence of events table is shown on
Table 4.1.5-1.

Conclusions:

The analysis performed has demonstrated that for the
partial loss of flow event, the DNBR doces not decrease
below the safety analysis limit value at any time
during the transient.
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Table 4.1.5-1

Sequence of Events
Partial Loss of Forced Reactor Cooclant Flow

Time

Event - (seconds)
Coastdown begins 0.0
Low flow reactor trip 1.6
Rod motiqn begins 2.6
Minimum DNBR occurs 3.9
4.7

Maximum RCS Pressure occurs
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Figure 4.1.5.1-1
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Figure 4.1.5.1-2
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4.1.5.2 Complete Loss of Forced Reactor Coolant Flow
(UFSAR 15.3.4)

Accident Description:

A Condition III event, a complete loss of forced
reactor coolant flow may result from a simultaneous
loss of electrical supplies to all reactor coolant
pumps. If the reactor is at power at the time of the
accident, the immediate effect of a complete loss of
flow (CLOF) is a rapid increase in the coolant
temperature.

The following signals provide the necessary protection
against a complete loss of flow accident:

a. Reactor coolant pump power supply undervoltage or
underfrequency;
b. Low reactor coolant loop flow; and
c. Pump circuit breaker opening.
. The reactor trip on reactor coolant pump undervoltage
is provided to protect against conditions which can

cause a loss of voltage to all reactor coolant pumps,
i.e, station blackout. This function is blocked below
approximately 10% power (Permissive 7). The reactor
trip on reactor coolant pump underfrequency is provided
to trip the reactor for an underfrequency condition,
resulting from frequency disturbances on the power
grid. The reactor trip on low primary coolant flow is
provided to protect against loss of flow conditions
which affect one or more reactor coolant loops. The
reactor trip from pump break position 1s provided as an
anticipatory signal which serves as a backup to the low
flow signals.

Although the CLOF is defined as a Condition III event,

the event is conservatively analyzed to Condition II
criteria.
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Method of Analysis:

The complete loss of flow transient is a loss of all
four reactor coolant pumps with four loops in
operation. The following two cases are analyzed:

a. Complete loss of flow transient due to an
undervoltage condition; and

b. Complete loss of flow transient due to an
underfrequency condition.

The transient is analyzed with three computer codes.
First, the LOFTRAN computer code is used to calculate
the loop and core flow during the transient, the time
of reactor trip based on the calculated flows, the
nuclear power transient, and the primary system
pressure and temperature transients. The FACTRAN )
computer code 1s then used to calculate the heat flux
transient based on the nuclear power and RCS flow from
LOFTRAN. Finally, the THINC computer code is used to
calculate the DNBR during the transient based on the
heat flux from FACTRAN and RCS flow from LOFTRAN. The
DNBR transients presented represent the minimum of the
typical or thimble cell.

This event is analyzed with the RTDP. A conservative
trip reactivity of 4% is used and is based on the
assumption that the highest worth RCCA is stuck in its
fully withdrawn position. A conservative trip
reactivity worth versus rod position was modeled in
addition to a conservative rod drop time.

Results:

Figures 4.1.5.2-1 and 4.1.5.2-2 illustrate the
transient response for the CLOF (undervoltage) for a
loss of power to all four reactor coolant pumps.
Figure 4.1.5.2-2 shows that the DNBR always remains
above the safety analysis limit value. The
undervoltage minimum DNBR is greater than the more
limiting underfrequency event DNBR.
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Figures 4.1.5.2-3 and 4.1.5.2-4 illustrate the
transient response for the CLOF (underfrequency) with a
frequency decay of all four reactor coolant pumps.
Figure 4.1.5.2-4 shows that the DNBR always remains

above the limit wvalue.

The calculated sequence of events for both CLOF cases
(undervoltage and underfrequency) are shown on Table

4.1.5-2.

Conclusions:

The analysis performed has demonstrated that for the
complete loss of flow event, the DNBR does not decrease
below the limit value at any time during the transient.
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Table 4.1.5-2

Sequence of Events
Complete Loss of Forced Reactor Coolant Flow

Undervoltage
Time
Event {seconds)
All operating RCPs lose power and costdown begins 0.0
Undervoltage reactor trip _ 0.0
Rod motion begins 1.5
Minimum DNBR occurs 3.4
Maximum RCS Pressure occurs ’ 4.4
Underfrequencey
Time
Event (seconds)
Frequency decay begins and RCS flowis reduced 0.0
Rod motion begins due to Underfrequency Reactor Trip 1.8t
Minimum DNBR occurs 3.9
Maximum RCS Pressure occurs 4.8
1 Assumes a trip setpoint of 53.9 Hz, a frequency decay of 5

Hz/sec, and a delay of 0.6 sec.
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Figure 4.1.5.2-1
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Figure 4.1.5.2-2
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Figure 4.1.5.2-3
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Figure 4.1.5.2-4
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Single Reactor Coolant Pump Locked Rotor and Reactor
Coolant Pump Shaft Break (UFSAR 15.4.5)

Accident Description:

A Condition IV event, the postulated locked rotor
accident is an instantaneous seizure of a reactor
coolant pump rotor. Flow through the affected reactor
coolant loop is rapidly reduced, leading to the
initiation of a reactor trip on a low flow signal. The
consequences of a postulated pump shaft break accident
are similar to the locked rotor event. With a broken
shaft, the impeller is free to spin, as opposed to its
being fixed in position during the locked rotor event.
Therefore, the initial rate of reduction in core flow
is greater during a locked rotor event than in a pump
shaft break event because the fixed shaft causes
greater resistance than a free spinning impeller early
in the transient, when flow through the affected loop
is in the positive direction. As the transient
continues, the flow direction through the affected loop-
is reversed. If the impeller is able to spin free, the
flow to the core will be less than that available with
a fixed shaft during periods of reverse flow in the
affected loop. Because peak pressure, clad
temperature, and maximum number of fuel rods-in-DNB
occur very early in the transient, before periods of
any appreciable reverse flow, the reduction in core
flow during the period of forward flow in the affected
loop dominates the severity of the results.
Consequently, the bounding results for the locked rotor
transients also are appllcable to the reactor coolant -
pump shaft break.

Method of Analysis:

The RCS pressurization part of the RCP Locked Rotor
transient is analyzed with two computer codes. First,
the LOFTRAN computer code is used to calculate the loop
and core flow during the transient, the time of reactor
trip based on the calculated flows, the nuclear power
transient, and the primary system pressure and
temperature transients. The FACTRAN computer code is
then used to calculate the thermal behavior of the fuel
located at the core hot spot based on the nuclear power
and RCS flow from LOFTRAN.
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At the beginning of the postulated RCP Locked Rotor
accident, the plant is assumed to be in operation under
the most adverse steady state operating conditions,
i.e., a maximum steady state thermal power, maximum
steady state pressure, and maximum steady state coolant
average temperature.

The analysis is performed to bound operation with steam
generator tube plugging levels up to; 1) a maximum :
uniform steam generator tube plugging level of £ 20%,
and 2) asymmetric steam generator tube plugging
conditions with an average steam generator tube
plugging level of £ 20% and a maximum steam generator
tube plugging level of 25% in any one steam generator.

A conservatively large absolute value of the DPC is
used. This results in the maximum core power during
the initial part of the transient when the minimum DNBR
is reached.

A conservative trip reactivity is used and is based on
the assumption that the highest worth RCCA is stuck in
its fully withdrawn position. A conservative trip
reactivity worth versus rod position was modeled in
addition to a conservative rod drop time.

For the peak RCS pressure evaluation, the initial
pressure is conservatively estimated as 50 psi above
the nominal pressure (2250 psia) to allow for errors in
the pressurizer pressure measurement and control
channels. This is done to obtain the highest possible
rise in the coolant pressure during the transient. The
peak RCS pressure occurs at the pump outlet. The
pressure transient at the pump outlet is shown in
Figure 4.1.5.3-3.

For this accident, DNB is assumed to occur in the core,
therefore an evaluation of the consequences with
respect to the fuel rod thermal transients is
performed. Two DNB-related analyses are performed.

The first incorporates the assumption of rods going
into DNB as a conservative initial condition to
determine the clad temperature and zirconium water
reaction.
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Results obtained from the analysis of this "hot spot"”
condition represent the upper limit with respect to

clad temperature and zirconium water reaction. In the
evaluation, the rod power at the hot spot is assumed to
be 3.0 times the average rod power (i.e., Fo = 3.0) at
the initial core power level. The F, of 3.0, which

includes an allowance for nuclear power peaking due to
fuel densification, was conservatively used for the LR
analysis and bounds the MRP value of F, = 2.4.

The second DNB related analysis is performed to
determine the percentage of rods, if any, is expected
to be in DNB during the transient. Analyses to
determine this percentage for the locked rotor and
shaft break accidents use three digital computer codes.
In addition to the LOFTRAN and FACTRAN codes, the THINC
code 1is used to calculate DNBR during the transient,
based on flow calculated by LOFTRAN and heat flux
calculated by FACTRAN. This second-analysis is
analyzed with the RTDP.

Results:

Figures 4.1.5.3-1 through 4.1.5.3-3 illustrate the
transient response for the RCP Locked Rotor event. The
peak RCS pressure is less than that which would cause
stresses to exceed the faulted condition stress limits.
The zirconium-steam reaction at the hot spot meets the
criterion of less than 16% zirconium-steam water
reaction. Less than 5% of the total fuel rods
experience DNB. The sequence of events is given in
Table 4.1.5-3.

Conclusions:

In the event of a Locked Rotor or Shaft Break, all
safety criteria are satisfied. This demonstrates that
the RCS and the core will remain able to provide long
term cooling given the MRP implementation.
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Table 4.1.5-3

Sequence of Events
Reactor Coolant Pump Locked Rotor/Shaft Break

Event

Rotor on one pump locks

Low flow reactor trip

Rod motion begins

Reactor Coolant Pumps Coastdown
Magimum clad temperature occurs

Maximum RCS pressure occurs
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Figure 4.1.5.3-1
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Figure 4.1.5.3-2
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Figure 4.1.5.3-3

All Loops Operating
One Locked Rotor (LR)

TIME (SEC)

Page 69 of 205



ATTACHMENT 3
SUPPORTING FUMRP ANALYSES/EVALUATIONS

4.1.7 Loss of External Electrical Load and/or Turbine Trip
(UFSAR 15.2.7)

Accident Description:

The loss of external electrical load and/or turbine
trip event is defined as a complete loss of steam load
or a turbine trip from full power without a direct
reactor trip. This Condition II event is analyzed as a
turbine trip from full power as this bounds both
events: the loss of external electrical load and
turbine trip. The turbine trip event is more severe
than the total loss of external load event since it
results in a more rapid reduction in steam flow.

In the event the steam dump valves fail to open
following a large loss of load or in the event of a
complete loss of load with steam dump valves operating,
the main steam safety valves may lift and the reactor
may be tripped by the high pressurizer pressure signal,
the high pressurizer water level signal, the OTDT
signal, or the low-low steam generator water level
signal. The steam generator shell-side pressure and
the reactor coolant pressure will increase rapidly.
However, the RCS and MSS relieving capacities were
designed to ensure safety of the unit without requiring
the automatic rod control, pressurizer pressure
control, steam bypass control systems, or reactor trip
on turbine trip.

Method of Analysis:

The loss of load accident is analyzed to show the
following: (1) the peak primary and secondary side
pressures remain below 110% of their respective design
pressures and (2) the DNBR remains above the safety
analysis DNBR limit.

The total loss of load transients are analyzed with the
LOFTRAN computer program. The program simulates the
neutron kinetics, RCS, pressurizer, pressurizer relief
and safety valves, pressurizer spray, steam generators,
and steam generator relief and safety valves. The
program computes pertinent plant variables including
temperatures, pressures, and power level.
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In this analysis, the behavior of the unit is evaluated
for a complete loss of steam load from full power
without a direct reactor trip. The major assumptions
are summarized below:

a.

$: \ADMINGRP\FUELS\ PAM. DOC

Two cases for both BOL and EOL reactivity feedback
conditions are analyzed:

1. For cases with automatic pressurizer pressure
control, full credit is taken for the effect
of pressurizer spray and PORVs in reducing or
limiting the coolant pressure.

2. For cases without automatic pressurizer
pressure control, no credit is taken for the
effect of pressurizer spray and PORVs in
reducing or limiting the coolant pressure.

For the cases analyzed to demonstrate that the
core protection margins are maintained (BOL and
EOL with automatic pressurizer pressure control),
the Loss of Load accident is analyzed using the
RTDP. For these cases, initial core power,
reactor coolant temperature, and reactor coolant
pressure are assumed to be at their nominal values
consistent with steady-state full power operation.

For the cases analyzed to demonstrate the adequacy
of the pressure relieving devices (BOL and EOL
without automatic pressurizer pressure control),
the Loss of Load accident is analyzed using the
STDP. For these cases, initial core power and
reactor coolant temperature are assumed at their
maximum values consistent with steady-state full
power operation including allowances for
calibration and instrument errors.

The loss of load event is analyzed with both
maximum and minimum reactivity feedback. The
maximum feedback (EOL) cases assume a large
negative MTC and the most negative DPC. The
minimum feedback (BOL) cases assume a zero MTC and
a least negative DPC.
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d. From the standpoint of the maximum pressures
attained, it is conservative to assume thac the
reactor 1s 1in manual rod control.

e. No credit is taken for the operation of the steam
dump system or steam generator PORVs.

f. Main feedwater flow to the steam generators is
conservatively assumed to be lost at the time of
turbine trip.

Reactor trip is actuated by the first RPS trip setpoint
reached with no credit taken for the direct reactor
trip on the turbine trip.

Results:

The transient responses for a total loss of load from
full power operation are shown on Figures 4.1.7-1
through 4.1.7-12 for four cases; BOL reactivity
feedback conditions with and without pressurizer spray
and pressurizer PORVs, and EOL reactivity feedback

. conditions with and without pressurizer spray and
pressurizer PORVs. The cases without pressurizer spray
and pressurizer PORVs are analyzed to demonstrate the
adequacy of the pressure relieving devices; the cases
with pressurizer spray and pressurizer PORVs are
analyzed to verify core protection margin.

Figures 4.1.7-1 through 4.1.7-3 show the transient
responses for the total loss of steam load at BOL
(minimum feedback reactivity coefficients) assuming
full credit for the pressurizer spray and pressurizer
PORVs. Following event initiation, the DNBR initially
increases slightly, then decreases slightly, and
finally, following reactor trip, increases rapidly.

The minimum DNBR remains well above the safety analysis
limit value.

Figures 4.1.7-4 through 4.1.7-6 show the transient
responses for the total loss of steam load at EOL
conditions (maximum feedback reactivity coefficients)
assuming full credit for the pressurizer spray and
pressurizer PORVs. The DNBR increases throughout the
transient and never drops below its initial wvalue.
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Figures 4.1.7-7 through 4.1.7-9 show the BOL transients
without pressure control. The neutron flux remains
relatively constant (prior to reactor trip) while
pressurizer pressure, pressurizer water volume and RCS
average temperature increase. The reactor is tripped
on the high pressurizer pressure signal. The neutron
flux remains essentially constant at full power until
the reactor is tripped. 1In this case the RCS and main
steam system pressures remain below 110% of their
design values. The pressurizer and main steam safety
valves are actuated to limit their respective system
pressures.

Figures 4.1.7-10 through 4.1.7-12 show the transients
at the EOL with the other assumptions being the same as

‘those assumed for the transients detailed on Figures

4.1.7-7 through 4.1.7-9. Again, a reactor trip signal
is generated by the high pressurizer pressure trip
function and the pressures remain below their
respective safety analysis limits. The pressurizer and
main steam safety valves are actuated to limit the RCS
and main steam system pressures.

Table 4.1.7-1 summarizes the sequence of events and
limiting conditions for the BOL and EOL cases without
pressurizer sprays and pressurizer PORVs.

Conclusions:

The results of the analyses show that the plant design
is such that a total loss of external electrical '
load/turbine trip without a direct or immediate reactor
trip presents no hazard to the integrity of the RCS or
the MSS. Pressure-relieving devices incorporated in
the plant design are adequate to limit the maximum
pressures to within the safety analysis limits. The
integrity of the core is maintained by cperation of the
RPS; i.e., the DNBR is maintained above the safety
analysis limit value.
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Table 4.1.7-1

Sequence of Events and Transient Results

Loss of External Electrical Load

Without Pressurizer Pressure Control
Event

Loss of load turbine trip

Reactor trip on high pressurizer pressure
Rod motion begins

Peak pressurizer pressure OCCUrS

Initiation of steam release from main steam
safety valves
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Figure 4.1.7-1

Loss of Load With Automatic Pressure Control

. $: \ADMINGRP\FUZLS\ PAM. DOC

Minimum Feedback (BOL)

1.2

—_
o

o
®
T

o
IS
T

Nuclear Flux (Fract. of Nom.)
-
T

o
N
T

0.0
Time (Sec.)

2.800

g B

B

RCS Prosswre (peia)

o} 10 20 30 40 50
' Time (Sec.)

Page 75 of 205



ATTACHMENT 3
SUPPORTING FUMRP ANALYSES/EVALUATIONS

Figure 4.1.7-2

Loss of Load With Automatic Pressure Control
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Figure 4.1.7-3

Loss of Load With Automatic Pressure Control
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Eigufe 4.1.7-4

Loss of Load With Automatic Pressure Control
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Figure 4.1.7-5

Loss of Load With Automatic Pressure Control
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Figure 4.1.7-6

Loss of Load With Automatic Pressure Control
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Figure 4.1.7-7"
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Figure 4.1.7-8

Loss of Load Without Automatic Pressure Control
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Figure 4.1.7-9

Loss of Load Without Automatic Pressure Control
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Loss of Load Without Automatic Pressure Control
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Figure 4.1.7-11

L.oss of Load Without Automatic Pressure Control
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Figure 4.1.7-12

Loss of Load Without Automatic Pressure Control
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Loss of Normal Feedwater (UFSAR 15.2.8)

Accident Description:

A loss of normal feedwater (from pump failures, valve
malfunctions or loss of offsite ac power) is a
Condition II event which results in a reduction of the
secondary system's ability to remove the heat generated
in the reactor core. If the reactor were not tripped
during this accident, core damage would possibly occur
from a sudden loss of heat sink. Since the plant is
tripped well before the steam generator heat transfer
capability is reduced, the primary system variables
never approach a departure from nucleate boiling
condition.

The analysis shows that following a loss of normal
feedwater, the AFW system is capable of removing the
stored and residual heat, thus preventing either
overpressurization of the RCS or pressurizer filling.

Method of Analysis:

A detailed analysis using the LOFTRAN code is performed
to obtain the plant transient following a loss of
normal feedwater. The simulation describes the plant
thermal kinetics, RCS including the natural
circulation, pressurizer, steam generators, and
feedwater system. The digital program computes
pertinent variables, including the steam generator
mass, pressurizer water volume and reactor coolant
average temperature.

The major assumptions are summarized below.

a. Reactor trip occurs on steam generator low-low
water level. '

b. The plant is initially operating at 102% of the
NSSS power rating.

C. A conservative core residual heat generation is

assumed, based on ANS 5.1-1979 decay heat
(plus 2 Sigma).
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d. The most severe single failure in the AFW system
is assumed to occur (failure of the turbine driven
AFW pump). For additicnal conservatism, only one
motor-driven AFW pump 1s assumed available to
deliver AFW flow (one minute after initiation of
low-low 3G level trip).

e. AFW 1is delivered to two of four steam generators.

f. Secondary system steam relief is achieved through
the main steam safety valves. The steam generator
PORVs and turbine bypass valves are assumed
unavailable.,

g. The initial reactor coolant average temperature is
5°F higher than the nominal value since this
results in a greater expansion of RCS water during
the transient and in a higher pressurizer water

level.
h. The initial pressurizer pressure is 50 psi above
its nominal wvalue |
|
‘ i. Normal reactor control systems are not required to

function. However, the pressurizer PORVs and
pressurizer spray system are assumed to operate
normally. This results in a conservative
transient with respect to peak pressurizer water
level. If these control systems did not operate
the pressurizer safety valves would maintain peak
RCS pressure near or below their actuation
setpoint throughout the transient.

The loss of normal feedwater analysis is performed to
demonstrate the adequacy of the RPS and engineered
safeguards features (ESF) {(e.g., the AFW system) to
remove long-term decay heat and prevent pressurizer
filling. As such, the assumptions used in the analysis
are designed to minimize the energy removal capability
of the system and maximize the possibility of filling
the pressurizer by maximizing the coolant system
expansion.
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Results:

Figures 4.1.8-1 and 4.1.8-2 show the significant plant
parameter transients following a loss of normal
feedwater. The calculated sequence of events is listed
in Table 4.1.8-1.

Following the reactor and turbine trip from full load,
the water level in the steam generators falls because
of the reduction of steam generator void fraction and
because steam flow through the safety valves continues
to dissipate the stored and generated heat. 1In one
minute following the initiation of the low-low level
trip, the AFW pumps are automatically started, reducing
the rate of water level decrease.

The capacity of the AFW system is such that the water
level in the steam generators being fed does not fall
below the lowest level at which sufficient heat
transfer area is available to dissipate core residual
heat. Figure 4.1.8-2 shows that at no time is the
pressurizer water solid. Plant procedures may be

’ followed to further cool down the plant. The maximum
RCS and steam generator pressures are below the limit
values.

Conclusions:

Results of the analysis show that a loss of normal
feedwater does not adversely affect the core, the RCS,
or the MSS given the MRP implementation. The AFW
capacity is sufficient to dissipate core residual heat
and prevent the pressurizer from filling.
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Table 4.1.8-1

Sequence of Events
Loss of Normal Feedwater

_ Event
Main feedwater flow stops
Pressurizer relief valves open
Reactor trip on low-low Steam generator water level
Rod motion begins

Pressurizer relief valve sclose and peak pressurizer
water level occurs (first peak limiting)

Main steam saféty valves open

Two steam generatofs receive AFW flow from one motor-
driven AFW pump
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Figure 4.1.8-1

Loss of Normal Feedwater
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Figure 4.1.8-2

Loss of Normal Feedwater
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4.1.9 Loss of Offsite Power to the Station Auxiliaries
(UFSAR 15.2.9)

Accident Description:

A complete loss of non-emergency ac power 1is a
Condition II event which may result in the loss of all
power to the plant auxiliaries, i.e., the reactor
coolant pumps, condensate pumps, etc. The loss of
power may be caused by a complete loss of the offsite
grid accompanied by a turbine generator trip at the
station, or by a loss of the onsite ac distribution
system.

Method of Analysis:

A detailed analysis using the LOFTRAN code is performed
in order to obtain the plant transient following a
station blackout event. The simulation describes the
plant thermal kinetics, RCS including the natural
circulation, pressurizer, steam generators and
feedwater system. The digital program computes
. pertinent variables, including the steam generator

. mass, pressurizer water volume, and reactor coolant

average temperature.

Major assumptions made in the station blackout analysis
are:

a. The plant is initially operating at 102% of the
NSSS power rating.

b. A conservative core residual heat generation based
on ANS 5.1-1979 decay heat (plus 2 Sigma).

c. A heat transfer coefficient in the steam generator
associated with RCS natural circulation, following
the reactor coolant pump coastdown.

d. Reactor trip occurs on steam generator low-low
level.
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e. The most severe single failure in the AFW system
is assumed to occur (failure of the turbine driven
AFW pump). For additional conservatism, only one
motor-driven AFW pump is assumed available to
deliver AFW flow (one minute after initiation of
low-low SG level trip). :

f. AFW flow is dellvered to two of four steam
generators.
g. Secondary system steam relief is achieved through

the main steam safety valves.

The assumptions used in the analysis are similar to the
loss of normal feedwater (Section 4.1.8) except that
- power is assumed to. be lost to the reactor coolant
pumps at the time of reactor trip.

Results:

] . The transient response of the RCS following a loss of
‘ ' - ac power is shown in Figures 4.1.9-1 and 4.1.9-2. The
. calculated sequence of events for this event is listed
in Table 4.1.9~-1. The first few seconds after the loss
- of power to the reactor coolant pumps w1ll closely
resemble the simulation of the complete loss of flow |
accident (UFSAR Section 15.3.4), where core damage due
to rapidly increasing core temperature is prevented by
“promptly tripping the reactor.

After the reactor trip, stored and residual decay heat
must be removed to prevent damage to either thHe RCS or
the core. The maximum RCS and the steam generator
pressures are below the limit wvalues.

The LOFTRAN code results show that the reactor coolant
natural circulation flow available - is sufficient to
provide adequate core decay heat removal following
reactor trip and RCP coastdown. The natural
circulation flow as a function of reactor power is
provided in Table 4.1.9-2.
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Conclusions:

Given the MRP implementation, a loss of offsite power
to the station auxiliaries does not cause any adverse
condition in the core since it does not result in water
relief from the pressurizer relief or safety valves.
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Table 4.1.9-1

Sequence of Events
Loss of Offsite Power

Event
Main feedwater flow stops
Reactor trip on low-low steam generator water level
Rod motion begins
Pressurizer relief valves open
Pressurizer relief valves close
Main steam safety valves open

Two steam generators receive AFW flow from one motor-
driven AFW pump

Peak pressurizer water level (second peak limiting)
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Reactor Coolant Natural Circulation Flow
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Table 4.1.9-2
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Nominal Power
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Figure 4.1.9-1

Loss of Offsite Power to the
Station Auxiliaries (Station Blackout)
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Figure-4.1.9—2

Loss of Offsite Power to the
Station Auxiliaries (Station Blackout)
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Excessive Heat Removal Due to Feedwater System
Malfunctions (UFSAR 15.2.10)

Accident Description:

Reductions in feedwater temperature or excessive
feedwater flow additions are means of increasing core
power above full power. The overpower/overtemperature
protection (high neutron flux, OTDT, and OPDT trips)
prevent any power increase that could lead to a DNBR
that is less than the safety analysis limit wvalue.

An example of excessive feedwater flow would be a full
opening of one or more feedwater control valves (FCVs)
due to a feedwater control system malfunction or an
operator error. At power, this excess flow causes a
greater load demand on the RCS due to increased
subcooling in the steam generators. With the plant at
no-load conditions, the addition of cold feedwater may
cause a decrease in RCS temperature and thus a
reactivity insertion due to the effects of the negative
MTC. Continuous excessive feedwater flow addition is
prevented by the steam generator high-high level trip,
which closes all feedwater control and isolation
valves, trips the main feedwater pump, and trips the
turbine.

A second example of excess heat removal is the
transient associated with the accidental opening of the
low pressure feedwater heater bypass valve which
diverts flow around the low pressure feedwater heaters.
At power, this increased subcooling will create a
greater load demand on the RCS.

Both of these feedwater malfunction events are
classified as Condition II events.
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Method of Analysis:

The excessive heat removal due to a feedwater system
malfunction transient is analyzed with the LOFTRAN
computer code. The LOFTRAN code simulates a multi-loop
system, neutron kinetics, the pressurizer, pressurizer
relief and safety valves, pressurizer spray, steam

generators, and main steam safety valves. The code
computes pertinent plant variables including
temperatures, pressures, and power level. For the zero

power cases only, the THINC code is used to calculate
DNBR during the transient.

The system i1s analyzed to demonstrate acceptable
results in the event of a feedwater system malfunction.
Feedwater temperature reduction due to low-pressure
heater bypass valve actuation in conjunction with an
inadvertent trip of the heater drain pump is
considered. Excessive feedwater flow addition due to a
control system malfunction or operator error that
allows one or more feedwater control valves (FCVs) and
feedwater control bypass valves (FCBVs) to open fully
is considered.

Eight excessive feedwater flow cases are analyzed, four
single loop cases and four multiple loop cases. All
eight cases are analyzed at EOL (maximum reactivity
feedback) conditions. The following cases are each
analyzed as a single loop and multiple loop case:

1. Zero Power, Manual Rod Control Case
2, Zero Power, Automatic Rod Control Case
3. Full Power, Manual Rod Control Case
4, Full Power, Automatic Rod Control Case
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The feedwater system malfunction cases are performed
using the following assumptions:

a. The analyses conservatively assume the steam
generator PORVs fail full open simultaneous with
the FCVs and FCBVs. This 1is bounding for the
Advanced Digital Feedwater Control System (ADFCS)
as well as the current system. The ADFCS design
has the SG PORVs, FCVs, and FCBVs on the same
digital processing unit (DPU). With two control
systems on the same DPU, it is conservatively
postulated that one or more SG PORVs could be open
at the same time one or more FCVs are open.

b. For the zero load condition, feedwater temperature
is assumed to be 32°F.

c. No credit is taken for the heat capacity of the
RCS and steam generator thick metal in attenuating
the resulting plant cooldown.

d. No credit is taken for the heat capacity of the -
‘ steam and water in the unaffected steam
generators.
e. The feedwater flow resulting from a fully open FCV

and FCBV is terminated by the steam generator
high-high water level signal that closes all main
feedwater control and bypass valves and trips the
main feedwater pumps and turbine.

Results:

Opening of a low pressure feedwater heater bypass valve
and trip of the heater drain pumps causes a reduction
in the feedwater temperature which increases the
thermal load on the primary system. This effect is
less limiting than the 10% excessive load increase
evaluated in Section 4.1.11. Thus, the results of this
event are bounded by the Excessive Load Increase event
and, therefore, not presented here. ‘
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In the case of the accidental full opening of one or
more feedwater control and bypass control valves with
the reactor at zero power, the maximum reactivity
insertion rate is conservatively calculated. A DNB
analysis was performed to demonstrate that the DNB
design basis is met. The results of the DNB analysis
show that the DNBR remains above the safety analysis
limit value. It should be noted that if the incident
occurs with the unit just critical at no-load, the
reactor may be tripped by the power range high neutron
flux trip (low setting).

For the full power excessive feedwater flow cases, the
single locp manual rod control case with one FCV and
one FBCV failure and the multi-loop automatic rod
control case with four FCV and four FBCV failures,
result in the closest approach to the safety analysis
limit DNBR.

For all cases of excessive feedwater flow, a high high -~
steam generator water level signal closes the feedwater
control valves, closes the feedwater bypass valves,

‘ trips the feedwater pumps, and causes a turbine trip.

Transient results for both the full power single loop
manual rod control case and the full power multi-loop
automatic rod control case are shown in Figures 4.1.10-
1 through 4.1.10-6. These figures show the core heat
flux, pressurizer pressure, core average temperature,
and DNBRs, as well as the increase in nuclear power and
loop DT associated with the increased thermal load on
the reactor.

The sequence of events for the single loop and multi-
loop cases are shown in Table 4.1.10-1.

Conclusions:

The decrease in the feedwater temperature transient due
to an opening of the low-pressure feedwater heater
bypass valve is less severe than the Excessive Load
Increase event (Section 4.1.11). Based on the results
presented in that section, the applicable acceptance
criteria for the decrease in feedwater temperature
event have been met.
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For the excessive feedwater flow at full power
transient, the results show that the DNBRs encountered
are above the safety analysis limit value.
Additionally, an analysis at hot zero power
demonstrates that the minimum DNBR remains above the
safety analysis limit for a maximum reactivity
insertion rate conservatively bounding an excessive
feedwater addition at no-load conditions.
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Table 4.1.10-1
Sequence of Events
Feedwater System Malfunction

Excessive feedwater at full pdwer (single loop)

Event
One FCV and'dne FBCV fail fully open
High—high steam generator water levei signal reachea
" Turbine tfip occurs |
Minimum DNBR occurs
Rod motion bégins
Feedwater flow isoléted due to high-high steam
generator water level
Exceésive‘feedwater at full power (multi-loop)

Event
Four FCV,and’four'FBCV fail fully open
Minimum DNBR occurs
High—high steam generator water-levels signal reached
Turbine trip occurs
Rod motion begins

Feedwater flow isolated due to high-high steam
generator water level
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Figure 4.1.10-1

Feedwater Malfunction Single Loop
Manual Rod Control
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Figure 4.1.10-2

Feedwater Malfunction Single Loop
Manual Rod Control
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Figure 4.1.10-3
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Figure 4.1.10-
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Figure 4.1.10-5
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Figure 4.1.10-6
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Excessive Load Increase (UFSAR 15.2.11)

Accident Descr;ggion:

An excessive load increase incident is defined as a
Condition II event resulting from a rapid increase in
the steam flow that causes a power mismatch between the
reactor core power and the steam generator load demand.
The reactor control system is designed to accommodate a
10% step-load increase or a 5% per minute ramp load
increase in the range of 15% to 100% of full power.

Any loading rate in excess of these values may cause a
reactor trip actuated by the RPS.

Conclusions:

The excessive load increase has been reviewed for the
impact of the proposed Technical Specification changes
and is not significantly impacted by those changes.

Accidental Depressurization of the Reactor Coolant
System (UFSAR 15.2.12)

Accident Description:

The most severe core conditions resulting from an
accidental depressurization of the RCS are associated
with an inadvertent opening of a pressurizer safety
valve, Initially, this Condition II event results in a
rapidly decreasing RCS pressure which could reach the
hot leg saturation pressure if a reactor trip did not.
occur. The pressure continues to decrease throughout
the transient. The effect of the pressure decrease
would be to decrease power via the moderator density
feedback, but the reactor control system (if in the
automatic mode) functions to maihtain the power and

average coolant temperature until reactor trip occurs.
The pressurizer level increases initially due to

expansion caused by depressurization and then decreases
following reactor trip. The reactor may be tripped by
either of the following RPS signals: (1) OTDT or

(2) pressurizer low pressure.
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Method of Analysis:

The accidental depressurization transient is analyzed
by employing the detailed digital computer code
LOFTRAN. The code simulates the neutron kinetics, RCS,
pressurizer, pressurizer relief and safety valves,
pressurizer spray, steam generator, and main steam
safety valves. The code computes pertinent plant
variables, including temperatures, pressures, and power
level.

In calculating the DNBR, the following conservative
assumptions are made: &

a. The accident is analyzed using the RTDP. Initial
core power, reactor coolant average temperature,
and RCS pressure are assumed to be at their
nominal values consistent with steady-state full-
power operation. '

b. A MTC of zero is assumed in this analysis. Thus,
no credit is taken for any reactivity feedback
from the moderator density change.

c. A high (absolute value) DPC is assumed such that
the resultant amount of positive feedback is
conservatively high in order to slow the power
decrease due to rod inserticon following reactor
trip.

It should alsoc be noted that, in the analysis, power
peaking factors are kept constant at the design values,
while, in fact, the core feedback effects would result
in considerable flattening of the power distribution.
This could increase the calculated DNBR; however, no
credit is taken for this effect.

Page 113 of 205

S:\ADMINGRP\ FUELS\ PAM. DOC




ATTACHMENT 3
SUPPORTING FUMRP ANALYSES/EVALUATIONS

Results:

Figure 4.1.12-1 illustrates the nuclear power and flux
transients following the accident. The pressurizer
pressure and volume results are given 1in Figure
4,1.12-2. The resulting DNBR never goes below the
safety analysis limit value, as shown in Figure
4.1.12-3. The RCS average temperature transient is
also shown in Figure 4.1.12-3. The calculated sequence
of events is listed in Table 4.1.12-1.

Conclusions:

The pressurizer low pressure and the OTDT reactor
protection trip functions provide adequate protection
against this accident. The minimum DNBR remains in
excess of the safety analysis limit value.
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Table 4.1.12-1

Sequence of Events
Accidental Depressurization of the Reactor Cooclant System

Time
Event {seconds)
Inadvertent opening of one pressurizer safety valve 0.0
Reactor trip setpoint reached for overtemperature AT 35.0
Rod motion on reactor trip signal 36.5
37.0

Minimum DNBR occurs
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Figure 4.1.12-1
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Figure 4.1.12-3
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Main Steam System Failures

The main steam system failure events consist of the
following transients:

4.1.13.1 Accidental Depressurization of the Main Steam
System (UFSAR 15.2.13)

4.,1.13.2 Minor Secondary System Pipe Breaks
(UFSAR 15.3.2) _

4.1.13.3 Major Secondary System Pipe Breaks
(UFSAR 15.4.2)

Accidental Depressurization of the Main Steam System
(UFSAR 15.2.13)

Accident Description:

This Condition II transient reviews the most severe
core conditions resulting from an accidental
depressurization of the MSS associated with an
inadvertent opening of a single steam dump, main steam
relief or main steam safety valve.

The analysis is performed to demcnstrate that the DNBR
safety analysis limit is not violated for a steam
release equivalent to the spurious opening (with
failure to close) of the largest of any single steam
dump, main steam relief, or main steam safety valve.

Method of Analysis:

The following analyses of a secondary system steam
release are performed for this section:

a. A full plant digital computer simulation using
LOFTRAN to determine RCS temperature and pressure
during the cooldown.

b. An analysis to confirm that -there is no DNB.
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The following conditions are assumed to exist at the
time of a secondary system steam release:

a.

‘ S:\ADMINGRP\FUELS\ PAM, DOC

End of Life (EOL) shutdown margin at no load,
equilibrium xenon conditions, and with the most .
reactive RCCA stuck in its fully withdrawn
position.

The negative moderator density coefficient
corresponds to the EOL rodded core with the most
reactive RCCA in the fully withdrawn position and
includes variation of the coefficient with
temperature and pressure. The k., versus
temperature corresponding to the negative MTC used
plus the Doppler temperature effect is shown on
Figure 4.1.13.1-1.

Minimum capability for injection of boric acid
solution corresponds to the most restrictive
single failure in the $SIS. The safety injection
flow is provided by one charging pump delivering
its full contents to the cold leg header, as shown
on Figure 4.1.13.1-2, No credit is taken for the
low concentration boric acid which must be swept
from the safety injection lines downstream of the
refueling water storage tank (RWST) prior to the
delivery of 2,300 ppm boric acid to the reactor
coolant pumps (RCP). The boron injection tank
(BIT) concentration was assumed to be 0 ppm.

The case studied is an initial total steam flow of
305 lbs/second at 1,000 psia from one steam
generator with offsite power available. Initial
hot shutdown conditions at time zero are assumed.

The Moody Curve for f(L/D) = 0 is used in
computing the steam flow.

Perfect moisture separation in the steam generator
is conservatively assumed.
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Results:

Figures 4.1.13.1-3 through 4.1.13.1-5 show the
transients resulting from a steam release of

305 lbs/second at 1,000 psia. In this case, safety
injection is initiated automatically by low pressurizer
pressure. The minimum DNBR is above the safety
analysis limit. '

The transient is conservative with respect to the
cooldown since no credit is taken for the energy stored
in the system metal other than that of the fuel
elements or the energy stored in the other steam
generators.

Table 4.1.13.1-1 provides the time sequence of events
for the uniform and nonuniform MSS depressurization
event.

Conclusions:

Given an accidental depressurization of the MSS, the
acceptance criteria are met. With MRP implementation,
the DNB transient is bounded by the main steamline
rupture presented in Section 4.1.13.2.
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Table 4.1.13.1-1

Sequence of Events
Accidental Depressurization of the Main Steam System

Nonuniform Depressurization

. ‘Time
. Event : ' - (seconds)
Inadvertent opening of one main steam safety or 0
relief valve :
SIS actuated on high steamline differential pressure 78.2
Feedwater isolation occurs ' '88.2
-?ressurizer empties - : | : '196.0
- Boron reaches reactar coolant system loops 282.7
Unifofm‘Depressurization o
' , , Time
Event : _ (seconds)
Inadvertent opening of one maln steam safety or ' . _ 0
relief valve -
Pressurizer empties | ' 189.4
SIS actuated on low pressurizer pressure o 204.4
Feedwater isolation occurs . - 214.4
Boron reaches reactor coolant system loops 359.2
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Figure 4.1.13.1-1
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Figure 4.1.13.1-2
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Figure 4.1.13.1-3
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Figure 4.1.13.1-4
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Figure 4.1.13.1-5
Transient Response to Streamline Break
Equivalent to 305 lb/sec at 1,000 psia
With Offsite Power Available
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4.1.13.2 Minor Secondary System Pipe Breaks (UFSAR 15.3.2)

Accident Description:

This section includes ruptures of secondary system
lines which would result in steam release rates
equivalent to a six inch diameter break or smaller.
This accident is classified as a Condition III event.

Method of Analysis:

Minor secondary system pipe breaks are bounded by the
results of the major secondary system pipe rupture
presented in Section 4.1.13.3 which are conservatively
analyzed to meet Condition II acceptance criteria.
Therefore, separate analyses for minor secondary system
pipe breaks are not required.

Results/Conclusions:

The analysis presented in Section 4.1.13.3 for major
secondary system pipe breaks bounds the consequences of
a minor secondary system pipe break. Given MRP
implementation, results of a minor secondary system
pipe break are acceptable since the calculated DNER
would be greater than the safety limit met for more
severe major secondary system pipe breaks.

4.1.13.3 Major Secondary System Pipe Rupture (UFSAR 15.4.2)

Accident Description:

The steam release arising from a rupture of a main
steam pipe would result in an initial increase in steam
flow which decreases during the accident as the steam
pressure falls. This is classified as a Condition IV
event. The energy removal from the RCS causes a
reduction of coolant temperature and pressure. In the
presence of a negative MTC, the cooldown results in a
reduction of core SDM. If the most reactive RCCA 1is
assumed stuck in its fully withdrawn position after
reactor trip, there is an increased possibility that
the core will become critical and return to power.

Page 128 of 205 .

3: \ADMINGRP\ FUELS\ PAM. DOC




 ATTACHMENT 3
. SUPPORTING FUMRP ANALYSES/EVALUATIONS

A return to power following a steam pipe rupture is a
potential concern mainly because of the high power
peaking factors which exist assuming the most reactive
RCCA is stuck in its fully withdrawn position. The
core 1s ultimately shutdown by the boric acid injection
delivered by the SIS.

The analysis of a main steam pipe rupture is performed
to demonstrate that the following criteria are
satisfied:

a. There is no damage to the primary system and the
core remains intact.

b. Energy releases to containment from the worst
steam pipe break do not cause failure of the
contalnment structure.

Although DNB and possible clad perforation following-a
steam pipe rupture are not necessarily unacceptable,
the following analysis shows that no DNB occurs for any
rupture assuming the most reactive RCCA is stuck in its
fully withdrawn position. Steamline break mass and
energy releases used to demonstrate containment
integrity are discussed in Section 4.1.18.

Method of Analysis:

The analysis of the steam pipe rupture has been
performed to determine:

1. The core heat flux, RCS temperature, and pressure
resulting from the cooldown follecwing a steam line
break. These are determined by using the LOFTRAN
code.

2. The DNBR for the core conditions computed by
LOFTRAN is determined using the THINC code.

The following conditions are assumed to exist at the
time of a main steamline break:

a. End of Life (EOL) shutdown margin at no load,
equilibrium xenon conditions, with the most
reactive RCCA stuck in its fully withdrawn
position is assumed.
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The negative moderator density coefficient
corresponds to the EOL rodded core with the most
reactive RCCA in the fully withdrawn position and
includes variation of the coefficient with
temperature and pressure. The k.. versus
temperature at 1,000 psi corresponding to the
negative MTC used plus the Doppler temperature
effect is shown on Figure 4.1.13.1-1. The
variation of reactivity with power at a constant
core average temperature is shown on Figure
4.1.13.3-1.

To verify the conservatism of this analysis, the
reactivity and power distribution were checked.
These core analyses consider the following:

1. Doppler reactivity from the high fuel
temperature near the stuck RCCA

2. Moderator feedback from the high water
‘enthalpy near the stuck RCCA

3. Power redistribution
4. Non-uniform core inlet temperature effects.

For cases in which steam generation occurs in the
high flux regions of the core, the effect of void
formation was also included.

Minimum capability for injection of boric acid
solution of 2,300 ppm corresponds to the most
restrictive single failure in the SIS. The safety
injection flow, as shown on Figure 4.1.13.1-2, 1is
provided by one charging pump delivering its full
contents to the cold leg header. Low
concentration boric acid must be swept from the
safety injection lines downstream of the refueling
water storage tank (RWST) prior to the delivery of
boric acid to the reactor coolant loops. This
effect is considered by assuming that the lines
contain unborated water. The boron injection tank
(BIT) concentration was assumed to be zero ppm.
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Four combinations of break sizes and initial plant
conditions have been considered in determining the
core power and RCS transients. These cases are:

A. Complete severance of a pipe outside the
containment, downstream of the steam flow
measuring nozzle, with the plant initially at
no-load conditions. Offsite power 1s assumed
to be available such that full reactor
coolant flow exists.

B. Complete severance of a pipe inside the
containment, at the outlet of the steam
generator, with the plant initially at no-
locad conditions. Offsite power 1s assumed to
be available such that full reactor coolant
flow exists.

C. Complete severance of a pipe outside the
containment, downstream of the steam flow
measuring nozzle, with the plant initially at
no-load conditions. A loss of offsite power
is assumed simultaneocus with safety injection
signal initiation resulting in reactor
coolant pump coastdown.

D. Complete severance of a pipe inside the
containment, at the outlet of the steam
generator, with the plant initially at no-
load conditions. A loss of offsite power is
assumed simultaneous with safety injection
signal initiation resulting in reactor
coolant pump coastdown.

Power peaking factors corresponding to one stuck
RCCA and non-uniform core inlet coolant
temperatures are determined at EOL. The power
peaking factors are different for each case
studied since they depend on the core power,
temperature, pressure, and flow. All of the cases
studied assume initial hot shutdown conditions at
time zero since this represents the most limiting
initial condition.
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f. The Moody Curve for f(L/D) = 0 is used in
computing the steam flow.

g. Assuming perfect moisture separation in the steam
generator leads to conservative results since
considerable water would actually be discharged.

h. Minimum shutdown margin of 1.3% Dk/k.
Results:

The analyses showed that the previous steamline break
analyses would not be significantly impacted by the MRP
implementation and all cases provided acceptable
results. The previously limiting case (Case B) remains
limiting and bounds the results of the other steamline
break and MSS depressurization cases.

The time sequence of events i1is presented in Table
4.1.13.3-1. It should be noted that only one steam
generator blows down completely following this steam
line break event.

Case A

Figures 4.1.13.3-2 through 4.1.13.3-4 show the core
average temperature, RCS pressure, total steam flow,
core heat flux, reactivity, and core boron following a
main steam pipe rupture downstream of the flow
measuring nozzle at initial no-load conditions.

As shown on Table 4.1.13.3-1, the core attains
criticality with the RCCAs inserted (with the design
SDM and assuming one stuck RCCA) before the 2,300 ppm
boron solution enters the RCS from the SIS. A peak
core power below the nominal full power value is
attained.
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Case B

Figures 4.1.13.3-5 through 4.1.13.3-7 show the core
average temperature, RCS pressure, total steam flow,
core heat flux, reactivity, and core boron transients.
The sequence of events shown in Table 4.1.13.3-1 is
similar to that for Case A except that criticality is
obtained earlier due to a more rapid cooldown, a higher
peak core average power 1is attained, and the
accumulators are actuated.

Cases C and D

Figures 4.1.13.3-8 through 4.1.13.3-13 show the RCS
transient and core heat flux for Cases C and D which
assume a loss of offsite power at the time the safety
injection signal is generated. In each case,
criticality is achieved later and the core increase is
slower than in the similar cases (Cases A and B) with
offsite power assumed available. For both Cases C and
D, the peak core power remains well below the full

. power value.
Conclusions:

A DNB analysis was berformed for the limiting major
secondary system pipe break. Case B, complete
severance of a pipe at the outlet of the steam
generator with offsite power available, was determined
to be limiting with respect to minimum margin to DNB.
The minimum DNBR remains above the safety limit. This

- case bounds the other steamline break core response
results.
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Table 4.1.13.3-1

Sequence of Events
Major Secondary System Pipe Rupture

Event

Steam line ruptures

SIS actuated on high steam flow coincident with low steam pressure
Feedwater Isolation

Pressurizer empties

Steamline Isolation

Criticality attained

2300 ppm boron solution reaches reactor coolant loops

Steam line ruptures

SIS actuated on hihg steamline differential pressure
Feedwate rIsolation

Pressurizer empties

Steamline Isolation

Criticality attained

2300 ppm boron solution reaches reactor coolant loocps
Accumulators actuated

Steam line ruptures

SIS actuated on high steam flow coincident with low steam pressure
Feedwater Isolation

Steamline Isoclation

Pressurizer empties

Criticality attained

2300 ppm boron solution reaches reactor coolant loops

Steam line ruptures

SIS actuated on high steamline differential pressure
Feedwater Isolation

Steamline Isolation

Pressurizer empties

Criticality attained

2300 ppm boreon solution reaches reactor coolant loops

Page 134 of 205

S:\ADMINGRP\FUELSI\ PAM, DOC

Time

10.
12.
12.
26.
128.

11.
13.
14,
18.
128.
145.

10.
12,
13.
30.
134.

11.
14.
15.
24.
135.

QO OMOmMNO DO oy 0 OO

OMNONDO ®mOO

(seconds)

NN L& O NN O




ATTACHMENT 3
SUPPORTING FUMRP ANALYSES/EVALUATIONS

Figure 4.1.13.3-1

Variation of Reactivity with Power
At Constant Core Average Temperature

-2.000

(PCM)

Integrated Doppler Power Coefficient

0 0.05 0.1 C.15 0.2 0.28 Q.3 035 0.4

. Fracton of Power

Page 135 of 205

*
. S:\ADMINGRP\FUELS\ PAM. DOC .



ATTACHMENT 3
SUPPORTING FUMRP ANALYSES/EVALUATIONS

Figure 4.1.13.3-2

Transient Response to Steamline Break
Downstream of Flow Measuring Nozzle with
Safety Injection and Offsite Power
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Figure 4.1.13.3-3

Transient Response to Steamline Break
Downstream of Flow Measuring Nozzle with
Safety Injection and Offsite Power
(Case A)
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Figure 4.1.13.3-4

Transient Response to Steamline Break
Downstream of Flow Measuring Nozzle with
Safety Injection and Offsite Power
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Figure 4.1.13.3-5

- Transient Response to Steamline Break
at Exit of Steam Generator with
Safety Injection and Offsite Power

(Case B)
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Figure 4.1.13.3-6

Transient Response to Steamline Break
at Exit of Steam Generator with
Safety Injection and Offsite Power
(Case B)
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Figure 4.1.13.3-7

Transient Response to Steamline Break
at Exit of Steam Generator with
Safety Injection and Offsite Power
(Case B)
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Figure 4.1.13.3-8

Transient Response to Steamline Break
Downstream of Flow Measuring Nozzle with
Safety Injection, Without Offsite Power

(Case C)
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Figure 4.1.13.3-9

Transient Response to Steamline Break
Downstream of Flow Measuring Nozzle with
Safety Injection, Without Offsite Power

(Case C)
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Figure 4.1.13.3-10

Transient Response to Steamline Break
Downstream of Flow Measuring Nozzle with
Safety Injection, Without Offsite Power

(Case C)
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Figure 4.1.13.3-11

Transient Response to Steamline Break
at Exit of Steam Generator with
Safety Injection, Without Offsite Power
(Case D)
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Figure 4.1.13.3-12

Transient Response to Steamline Break
at Exit of Steam Generator with
Safety Injection, Without Offsite Power
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Figure 4.1.13.3-13

Transient Response to Steamline Break
at Exit of Steam Generator with
Sfaety Injection, Without Offsite Power
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Spurious Operation of the Safety Injection System at
Power (UFSAR 15.2.14)

Accident Description:

The Spurious Operation of the SIS at Power accident
occurs as a result of an inadvertent or spurious
actuation of the Emergency Core Cooling System (ECCS)
which may be caused by either operator error or a false
electrical actuating signal. Since the pressurizer
water volume increases when the ECCS is inadvertently
actuated, operator action is eventually required to
terminate the safety injection flow and recover from
the event. The Spurious SIS, a Condition II event, has
been reviewed for the impact of the proposed Technical
Specification changes and is not significantly impacted
by those changes.

Single Rod Cluster Control Assembly Withdrawal at Full
Power (UFSAR 15.3.5)

Accident Description:

This Condition III event is the unlikely occurrence of
a failure which result in continuous withdrawal of a
single RCCA, it is not possible in all cases to provide
assurance of automatic reactor trip such that core
safety limits are not vioclated. Withdrawal of a single
RCCA results in both a positive reactivity insertion
and an increase in local power density in the core area
"covered" by the RCCA.

Method of Analysis:

Power distributions within the core are calculated
using the appropriate computer codes. The peaking
factors are then used by THINC to calculate the minimum
DNBR for the event. The limiting single RCCA
withdrawal was determined to be the worst (most-
reactive) rod withdrawn from bank D inserted at the
insertion limit, with the reactor initially at full
power. This event was analyzed at BCL and assumes the
least negative value for the moderator temperature
coefficient. This maximizes the power rise and
minimizes the tendency of the increased moderator
temperature to flatten the power distribution.
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Results:

If the reactor is in the manual control mode,
continuous withdrawal of a single RCCA will result in
both an increase in core power and coolant temperature,
and an increase in the local hot channel factor in the
area of the failed RCCAs. In terms of the overall
system response, this case is similar to those
presented in Section 4.1.2; however, the increased
local power peaking in the area of the withdrawn RCCA
results in lower minimum DNBRs than for the withdrawn
bank cases. Depending on initial bank insertion and
location of the withdrawn RCCAs, automatic reactor trip
may not occur quickly enough to prevent the minimum
core DNBR from falling below the limit value.
Evaluation of these cases, at the power and coolant
conditions at which the OTDT trip would be expected to
trip the plant, shows that an upper limit for the
number of rods with a DNBR less than the limit wvalue is
5%.

If the reactor is in automatic control mode, withdrawal
of an RCCA will result in the immobility of the other
RCCAs in the controlling bank. The transient will then
proceed in the same manner as described above. A trip
will ultimately ensue, although not gquickly enough in
all cases to prevent a minimum DNBR in the core less
than the limit wvalue.

Conclusions:

In the event of a single RCCA withdrawal, the number of
fuel rods experiencing DNBR was less than the limit
value, which  is 5% of the total fuel rods in the core.
Consequently, acceptable results were obtained when
assuming MRP implementation.
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Major Rupture of a Main Feedwater Line (UFSAR 15.4.3)

Accident Description:

A major feedwater line rupture is defined as a break in
a feedwater line large enough to prevent the addition
of sufficient feedwater to the steam generators to
maintain shell-side fluid inventory in the steam
generators. This event is a considered to be a
Condition IV event. If the break is postulated in a
feedwater line between the check valve and the steam
generator, fluid from the steam generator may also be
discharged through the break. Further, a break in this
location could preclude the subsequent addition of AFW
to the affected steam generator. A break upstream of
the feedwater line check valve would affect the nuclear
steam supply system only as a loss of feedwater. (This
case 1s covered by the evaluation in Section 4.1.8).

Depending on the size of the break and the plant
operating conditions at the time of the break, the
break could cause either a cooldown or a heatup of the
RCS. RCS cooldown 1s caused by excessive energy
discharge through the break. Potential cooldown
resulting from a secondary pipe rupture is evaluated in
Section 4.1.13. In this section, only the RCS heatup
effects are evaluated.

Method of Analysis:

The feedwater line break cases are analyzed with and
without offsite power available. The breaks analyzed
assume a double ended rupture of the feedwater piping
at full power. Major assumptions are as follows:

a. The plant is initially at 102% of NSSS power.

b. Conservative initial RCS temperature and
pressurizer pressure values are assumed.

cC. Main feedwater flow to all of the steam generators
is assumed to be lost at the time the break
occurs.
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d. Reactor trip is assumed to be initiated when the
low-low level trip setpoint is reached in the
faulted steam generator.

e. Conservative core residual heat generation is
assumed based on long term operation at the
initial power level preceding the trip.

No reactor control systems are assumed to function,
except for the pressurizer PORVs. The RPS is required
to function following a feedwater line rupture as
analyzed here. No single active failure prevents
operation of this system. The only ESFs assumed to
function are the AFW system and the SIS.

Following the trip of the reactor coolant pumps for the
feedwater line rupture without offsite power, there is
a flow coastdown until flow in the loops reaches the

natural circulation value. The natural circulation
capability of the RCS is shown in Section 5.1.9 for the
loss of AC power transient. Its capability is

sufficient to remove decay heat following reactor trip.
Pump coastdown characteristics are demonstrated in
Section 4.1.5.

Results:

Calculated plant parameters following a major feedwater
line rupture are shown in Figures 4.1.16-1 through
4.1.16-6. Results for the limiting case which assumes
available offsite power are shown in Figures 4.1.16-1
through 4.1.16-3. Results for the case without offsite
power are presented in Figures 4.1.16-4 through
4.1.16-6.

Conclusions:

The results of the analyses show that for the
postulated feedwater line rupture, the assumed AFW
system capacity is adequate to remove decay heat, to
prevent overpressurization of the RCS and MSS, and to
prevent uncovering the reactor core (demonstrated by no
bulk boiling in the RCS) when assuming implementation
of the Margin Recovery Program.
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Figure 4.1.16-1

Major Rupture of a Main Feedwacer Pipe
With Offsite Power
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Figure 4.1.16-2

Major Rupture of a Main Feedwater Pipe
With Offsite Power
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Figure 4.1.16-3

Major Rupture of a Main Feedwater Pipe
With Offsite Power
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Figure 4.1.16-4

Major Rupture of a Main Feedwater Pipe
Without Offsite Power
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Figure 4.1.16-5

Major Rupture of a Main Feedwater Pipe
Without Offsite Power
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Figure 4.1.16-6

Major Rupture of a Main Feedwater Pipe
Without Offsite Power
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Rupture of a Control Rod Drive Mechanism Housing
(RCCA Ejection) (UFSAR 15.4.7)

Accident Description:

This accident is the result of the assumed mechanical
failure of a control rod drive mechanism pressure
housing such that the RCS pressure would eject the
control rod cluster and drive shaft to the fully
withdrawn position. The consequence of this mechanical
failure is a rapid reactivity insertion together with
an adverse core power distribution, possibly leading to
localized fuel rod damage.

Should a RCCA Ejection accident occur, the following
automatic features of the RPS are available to
terminate the transient:

a. the source range high neutron flux reactor trip

b. the intermediate-range high neutron flux reactor
trip -’

C. the power-range high neutron flux reactor trip

(low setting)

d. the power-range high neutron flux reactor trip
(high setting)

e. the high nuclear flux rate reactor trip |

Due to the extremely low probability of an RCCA
Ejection accident, this event is classified as an ANS
Condition IV event (Limiting Fault). The following
acceptance criteria are applied to the RCCA Ejection
accident:

a. Maximum average fuel pellet enthalpy at the hot
spot must remain below 200 cal/g (360 Btu/lbm).

b. Peak RCS pressure must remain below that which

would cause the stresses in the RCS to exceed the
Faulted Condition stress limits.
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c. Maximum fuel melting must be limited to the
innermost 10% of the fuel pellet at the hot spot,
independent of the above pellet enthalpy limit.

Method of Analysis:

The calculation is divided into two parts: a neutron
kinetic analysis and a hot spot fuel heat transfer
analysis. The spatial neutron kinetics code TWINKLE is -
used to calculate the core nuclear power including the
various total core feedback effects, i.e., Doppler
reactivity and moderator reactivity. The average core
nuclear power is multiplied by the post-ejection hot
channel factor, and the fuel enthalpy and temperature
transients at the hot spot are calculated with the
detailed fuel and cladding transient heat transfer
computer code, FACTRAN. ' '

In calculating the nuclear power and hot spot fuel rod
transients following RCCA Ejection, the following
conservative assumptions are made:

a. The RTDP is not used for the RCCA Ejection
analysis. Instead, the STDP {(maximum
uncertainties in initial conditions) is employed.

b. Minimum values of the delayed neutron fraction are
assumed.

c. Least negative values of the Doppler power defect

are assumed.

d. Maximum values of ejected RCCA worth and post-
ejection total hot channel factors are assumed for
all cases considered. No credit is taken for the
flux flattening effects of reactivity feedback.
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Results:

Figures 4.1.17-1 through 4.1.17-4 illustrate the
nuclear power and hot spot fuel rod thermal transients
following RCCA Ejecticon. A time sequence of events is
provided in Table 4.1.17-1. For all cases, the maximum
fuel pellet enthalpy remained below 200 cal/g. For the
Full Power cases, the peak hot spot fuel centerline
temperature reached the fuel melting temperature
(4,900°F at BOL and 4,800°F at EOL), however melting
was restricted to less than 10% of the pellet. For the
Zero Power cases, the peak hot spot fuel centerline
temperature remained below the fuel melting temperature
at all times.

Conclusions:

Even on a conservative basis, the analysis indicates
that the fuel thermal limits are not exceeded. It 1is
concluded that there is no danger of sudden -fuel
dispersal into the coolant, gross lattice distortions,
or severe shock waves that could result in an
uncoolable core geometry. The upper limit to the
number of rods-in-DNB is 10%, which will not result in
fission product releases in excess of that associated
with the requirements of 10 CFR 100.

Page 160 of 205

3: \ADMINGRP\ FUELS\ PAM, DOC



ATTACHMENT 3
SUPPORTING FUMRP ANALYSES/EVALUATIONS

Table 4.1.17-1

Sequence of Events
RCCA Ejection

Zero Power

Beginning of Cycle A Full Power
Catastrophic Control Rod Drive 0.0

Mechanism Housing Failure Occurs
RCCA is fully ejected from core 0.1

High nuclear flux reactor trip 0.05
setpoint reached

Peak nuclear power occurs 0.13
Rod motion begins ) 0.55
Maximum fuel pellet enthalpy occurs 2.36
Peak clad temperature occurs 2.48
Maximum fuel melt occurs 2.82
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Table 4.1.17-1 (Continued)

Sequence of Events
RCCA Ejection

Zero Power

End of Cycle Full Power
Catastrophic Control Rod Drive 0.0
Mechanism Housing Failure Occurs RCCA 0.1

is fully ejected from core

High nuclear flux reactor trip 0.04
setpoint reached

S:\ADMINGRP\FUELS\ PAM. DOC

"Peak nuclear power occurs 0.13
Rod motion begins 0.54
Maximum fuel pellet'enthalpy occurs 2.42
Peak clad tempefature occurs 2.50
Maximum fuel melt occurs 2.65

Page 162 of 205

N/A



ATTACHMENT 3
SUPPORTING FUMRP ANALYSES/EVALUATIONS

Figure 4.1.17-1

RCCA Ejection Accident From Full Power
Beginning of Cycle
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Figure 4.1.17-2

RCCA Ejection Accident From Zero Power
Beginning of Cycle
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Figure 4.1.17-3

RCCA Ejection Accident From Full Power
End of Cycle
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Figure 4.1.17-4

RCCA Ejection Accident From Zero Power
End of Cycle
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4.1.18 Mass and Energy Releases to Containment Following a
Steamline Rupture (UFSAR 15.4.8.2)

Accident Description:

Steamline ruptures occurring inside a reactor
containment structure may result in significant
releases of high energy fluid to the containment
environment. These mass and energy releases inside
containment can result in increased containment
temperature and pressure. Thus, it is demonstrated
that the containment pressure and temperature
conditions resulting from steamline ruptures remain
acceptable given the Technical Specification changes
associated with the Margin Recovery Program.

The safety features which provide the necessary
protection to limit the mass and energy releases to
containment are reactor trip, safety injection,
feedline isolation, and steamline isolation. Reactor
trip may he provided during a steamline break from
OPDT, high neutron flux, safety injection (from any
source), low pressurizer pressure, or high containment
pressure. A safety injection signal (which will also
isolate main feedwater) can be generated on any one of
the following functions:

a. Low Steamline Pressure with High Steamline Flow
b. Low~-Low RCS T,, with High Steamline Flow

C. High Steamline Differential Pressure

d. Low Pressurizer Pressure

e. High Containment Pressure

Steamline isclation can be generated on any one of the
following functions:

a. Low Steamline Pressure with High Steamline Flow
b. Low-Low RCS T.., with High Steamline Flow
C. High-High Containment Pressure
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Method of Analysis:

A complete analysis of main steamli.le breaks 1inside
containment has been performed using the LOFTRAN code
and the Westinghouse containment computer code, COCO.
All blowdown calculations with the LOFTRAN code were
done assuming the RCPs were running (i.e., offsite
power available), because this increases the primary to
secondary heat transfer. Although this assumption 1is
inconsistent with the delay times assumed in
containment fan cooler and spray initiations, where
loss of offsite power is assumed, the combined effect
of these assumptions provides extra conservatism in the
calculated containment conditions.

Several failures can be postulated which would impair
the performance of variocus steamline break protection
systems and therefore would change the net energy
releases from a ruptured line. Four different single _
failures were considered for each break condition
resulting in a limiting transient. These were:

1) failure of a main feed regulating valve; 2) failure
of a main steam isolation valve; 3) failure of the AFW
runout protection equipment; and 4) failure of a
containment safequards train. Details about each of
the single failures and their major assumptions follow.

Feedwater Flow

There are two valves in each main feedwater line which
serve to isolate main feedwater flow following a
steamline break, the main feedwater regulator valve and
the feedwater isclation valve. Additionally, the main
feedwater pumps receive a trip signal following a
steamline break. Thus, the worst failure in this
system is a failure of the main feedwater regulator
valve to close. This failure results in additional
time during which feedwater from the Condensate Feed
System may be added to the faulted steam generator.
Also, since the feedwater isclation valve is upstream
of the regulator valve, failure of the regulator valve
results in additional feedline volume which is not
isolated from the faulted steam generator. Thus, water
in this portion of the lines can flash and enter into
the faulted steam generator. ‘
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Main Steam Isolation

Since all main steam isolation valves are assumed to
isolate rapidly, failure of one of these valves affects
only the volume of the main steam and turbine steam
piping which cannot be isolated from the pipe rupture.

Steam contained in the unisclatable portions of the
steamlines and turbine plant was considered in the
containment analyses in two ways. For the large
double-ended ruptures (DER), steam in the unisolatable
steamlines 1s released to containment as part of the
reverse flow. The flow is held constant at this rate
for a time period sufficient to purge the entire
unisolated portion of the steamlines. Enthalpy of the
flow is also held constant at the initial steam
enthalpy. Following this period of constant flow
representing purging of the steamlines, flow from the
intact steam generators, as calculated by LOFTRAN, 1is
added to the containment and continues until steamline
iscolation 'is complete.

;

When considering split ruptures, steam in the
steamlines is included in the analysis by adding the
total mass in the lines to the initial mass of steam in
the faulted steam generator. This is necessary
because, unlike DERs, the total break area of a split
is unchanged by steamline isolation; only the source of
the blowdown effluent is changed. Thus, steam flow
from the piping in the intact loops is
indistinguishable from steam leaving the faulted steam
generator. However, by adding the water mass in the
piping to the faulted steam generator mass and by
having dry steam blowdowns, the steamline inventory is
included in the total blowdown.

Auxiliary Feedwater Flow

The mass addition to the faulted steam generator from
the AFW System was conservatively determined by using
the following assumptions:

a. The entire AFW System was assumed to be actuated

at the time of the break and instantaneously
pumping at its maximum capacity.
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b. The flows to the faulted steam generator were
conservatively modelled based on the faulted and
intact steam generator pressures. The effect of
flow limiting devices was considered.

c. The flow to the faulted steam generator from the
AFW system was assumed to exist from the time of
rupture until realignment of the system was

complete.
d. The failure of the AFW runout control was
considered as one of the single failures. Failure

of runout control results in significantly higher
AFW flow to the faulted steam generator and lower
flows to the intact steam generators.

The AFW System is assumed to be manually realigned by
the operator 10 minutes into the transient. Therefore,
the analysis assumes a conservatively high AFW flow to
the depressurizing faulted steam generator for a full
10 minutes.

Heat Sinks

The worst effect of a containment safeguards failure is
the loss of a spray pump which reduces containment
spray flow by 50%. In all analyses, conservative times
are assumed for initiation of containment sprays and
fan coolers. These times are based on the assumption
of a loss of offsite power, and the delays are
consistent with Tech Spec limits. The delay time for
spray delivery includes the time required for the spray
pumps to reach full speed and the time required to fill
the spray headers and piping.

The saturation temperature corresponding to the partial
pressure of the vapor in the containment is
conservatively assumed for the temperature in the
calculation of condensing heat transfer to the passive
heat sinks. This temperature is also conservatively
assumed for the calculation of heat removal by the
containment fan coolers. The conservatively assumed
fan cooler heat removal rate as a function of
containment temperature is presented on Figure
4.1.18-1.
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Results:

A total of 80 different blowdowns covering four power
levels and fourteen different break sizes were
evaluated. The fourteen break sizes considered at each
power level were a 4.6 ft? full DER with entrainment, a
1.4 ft? full DER with entrainment, a small DER with an
area just larger than that at which entrainment occurs,
a small DER with an area just smaller than that at
which entrainment occurs, and the largest split rupture
that will neither result in generation of a Steamline
Isolation signal from the primary plant protection
system equipment, nor result in entrainment. In the
analysis of the third, fourth, and fifth (split) break,
reactor trip, feedline isolation, and steamline
isolation are generated by high containment pressure
signals. The containment responses resulting from the
mass and energy releases are plotted in Figures
4.1.18-2 through 4.1.18-7.

Figures 4.1.18-2 and 4.1.18-3 display the pressure and
temperature transients for the large DER case producing
the highest containment pressure of those analyzed.
This case is the 4.6 ft° DER at 30% power with a
feedwater control (regulator) valve failure. Shown in
Figures 4.1.18-4 and 4.1.18-5 are the pressure and
temperature transients for the small break case

producing the highest containment pressure of the small

breaks analyzed. This case is the 0.944 split break at
30% power with a containment safeguards train failure.
Of all cases analyzed, the highest containment
atmosphere steam temperature was produced by the

0.6 ft? small DER with entrainment at 102% power with a
main steam isolation valve failure. The pressure and
temperature transients for this case are shown in
Figures 4.1.18-6 and 4.1.18-7, respectively.

Conclusions:

The results of the cases analyzed for Mass and Energy
Releases to Containment event demonstrate that the
containment design pressure limit is not exceeded given
the MRP implementation. 1In addition, the containment
temperatures are acceptable with respect to Equipment
Qualification.
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Figure 4.1.18-1

Fan Cooler Heat Removal Rate

HEAT REMOVAL RATE (106 BTUMHR/UNIT)

180 20 250
CONTANMENT TEMPERATURE (°F)
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Figure 4.1.18-2

MSLB Containment Pressure Transient
4.6 Ft’ DER - 30% Power
Feedwater Control Valve Failure
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Figure 4.1.18-3

MSLB Containment Temperature Transient
4.6 Ft? DER - 30% Power
Feedwater Control Valve Failure
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Figure 4.1.18-4

MSLB Containment Pressure Transient
0.944 Ft® Split Break - 30% Power
Containment Safeguards Train Failure
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Figure 4.1.18-5

MSLB Containment Temperature Transient
0.944 Ft2 Split Break - 30% Power
Containment Safeguards Train Failure
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Figure 4.1.18-6

MSLB Containment Pressure Transient
0.6 Ft? Small DER - 102% Power
Main Steam Isolation Valve Failure

CONTAINMENT PRESSURE (PSIG)
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Figure 4.1.18-7

MSLB Containment Temperature Transient
0.6 Ft’ Small DER - 102% Power
Main Steam Isolation Valve Failure
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LOCA Accidents

This section summarizes the LOCA related reanalyses and
evaluations performed for the Margin Recovery Program
(MRP) .

Large Break LOCA (UFSAR Section 15.4.1)
Description of Analysis Assumptions

The Large Break Loss-0Of-Coolant Accident (LOCA)
analysis for Salem Unit 1 and 2 applicable for the MRP
was performed using a modified version of the NRC
approved 1981 Evaluation Model with BASH. The
important analysis assumptions include: licensed core
power of 3411 MWt, 25% uniform steam generator tube
plugging (SGTP), T., operating window of 566°F to
580°F, thermal design flow of 82,500 gpm/loop, maximum
peaking factor F,(Z) of 2.40, and a hot channel ‘
enthalpy rise factor F'w of 1.65.

The analysis was performed for a spectrum of Moody
discharge coefficients (0.4, 0.6 and 0.8) based on a
limiting double-ended guillotine break of the RCS cold
leg. The spectrum was performed assuming T.., was at
the high end of the operating window, minimum
safequards safety injection flow was available. The
0.4 Moody discharge coefficient was determined to be
the limiting discharge coefficient. Cases assuming T..,
operation at the low end ~-f the operating window and
maximum safeguards safety injection flow were then
performed at the limiting Moody discharge coefficient.
These cases confirmed that operation at the high end of
the T..,, operating window and minimum safeguards safety
injection flow was limiting.

Methods of Analysis

The Large Break LOCA analysis was performed using the
1981 Evaluation Model with BASH methodology and
computer codes. These documents describe the major
phenomena modeled, the interface between the computer
codes, and the features of the codes which ensure
compliance with the requirements defined in Appendix K
to 10 CFR 50.
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The SATAN-~-VI, WREFLOOD, COCO, and LOCBART codes are
also used in the LOCA analysis. These codes are used
to assess the core heat transfer characteristics and to
determine if the core remains amenable to cooling
throughout the blowdown, refill, and reflood phases of
the LOCA. The SATAN-VI computer code analyzes the
thermal-hydraulic transient in the RCS during blowdown
and the WREFLOOD and BASH computer codes are used to
calculate this transient during the refill and reflood
phases of the accident. The COCO computer code is used
to calculate the containment pressure transient during
all three phases of the LOCA analysis. Similarly, the
LOCBART computer code is used to compute the core fluid
and heat transfer conditions and the fuel cladding
thermal transient of the hot assembly, including the
hot rod, during the three phases.

~Several additional modifications have been made to the

codes used in this analysis. Miscellaneous minor
LOCBART error corrections have been made. These
include pellet/clad contact and clad thinning models
which were included in the updated code version used in
this analysis. These errors were deemed to have
negligible effect on the transient for this analysis.
Various discretionary changes to input/output format
and inclusion of code diagnostics are also contained in
the LOCBART version used. These changes do not affect
the results. The version of the BASH code used was
modified to create a plot tape in the standard plotting
code format and to correct a problem with a library
compatibility which previously prevented code restarts.
There are no effects on the calculated results from
these changes.

Conclusions

For breaks up to and including the doubled ended
severance of a reactor coolant pipe, the emergency core
cooling system will meet the acceptance criteria of 10
CFR 50.46. That is:

1. The calculated peak fuel element clad temperature
does not exceed 2200°F.
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2. The amount of fuel element cladding that reacts
chemically with water or steam does not exceed one
percent of the total amount of zircaloy in the
reactor.

3. The localized cladding oxidation limit of 17
percent is not exceeded during or after quenching.

4. The core remains amenable to cooling during and
after the break.

5. The core temperature is reduced and decay heat is
removed for an extended period of time. This is
required to remove the heat from the long-lived
radicactivity in the core.

The Large Break LOCA analysis for Salem Unit 1 and 2,
utilizing the BASH model, resulted in a peak cladding
temperature of 2020°F for the limiting break case
(Chb = 0.4 under minimum safeguards safety injection
flow and maximum operating RCS T, assumptions). The
maximum local metal-water reaction was 6.3 percent, and
‘ the total metal-water reaction was less than 1.0
percent for all cases analyzed. The clad temperature
turned around at a time when the core geometry is still
amenable to cooling. Criterion 5 is addressed
separately in a specific evaluation for each reload
cycle. The results of this Large Break ECCS analysis
have shown that Salem Unit 1 and 2 remains in
compliance with the requirements of 10 CFR 50.46.

4.2.2 Small Break LOCA (UFSAR Section 15.3.1)
4.2.2.1 Description of Analysis Assumptions

The Small Break Loss-0Of-Coolant Accident (LOCA)
analysis for Salem Unit 1 and 2 which incorporated the
MRP was formally submitted as WCAP-13657 for NRC review
and approval. Per written correspondence dated

August 25, 1993, the NRC concluded that the NOTRUMP
code can be used to demonstrate compliance with the
requirements in 10CFR 50.46 for Salem Units 1 and 2.

In addition, it was recognized that the evaluations
described in the submitted WCAP were performed in
support of the MRP.
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Blowdown Reactor Vessel and Loop Forces
(UFSAR Section 3.9.1.5)

The forces created by a hypothetical break in the RCS
piping are principally caused by the motion of the
decompression wave through the RCS. The strength of
the decompression wave is primarily a function of the
assumed break opening time, break area, and RCS
operating conditions of power, temperature, and
pressure. Some of the assumptions which were
considered were: 25% uniform SGTP, a T., Operating
window of 566°F to 580°F, thermal design flow of 82,500
gpm/loop, maximum peaking factor F,(Z) of 2.40, and a
hot channel enthalpy rise factor F'sw of 1.65. The
forcing functions were generated primarily to support
the reduced thermal design flow and reduced
temperature. In order to compensate for the effects of
the reduced temperature on the forces, credit for Leak-
Before-Break (LBB, WCAP-13659 and 13660 SER dated
5/25/94) was used to allow consideration of branch line
breaks only. Therefore the forcing functions generated
were based on breaks of the accumulator line and the
pressurizer surge line, which have smaller areas than
postulated breaks in the-main RCS loop piping.

Forces acting on the RCS loop piping as a result of the
hypothesized LOCA are not influenced by the changes in
the MRP. Thus, the MRP will not result in an increase
of the calculated consequences of a hypothesized LOCA
on the RCS loop piping. The current FSAR analysis for
forces on RCS piping resulting from a hypothesized LOCA
are considered to be bounding for the MRP at Salem
Units 1 and 2.
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Post LOCA Long-Term Cooling, Subcriticality Evaluation
(related to UFSAR Section 15.4.1)

The Westinghouse licensing position for satisfying the
requirements of 10 CFR Part 50.46 (b) (5) "Long-Term
Cooling" is defined in WCAP-8339-NP-A, WCAP-8472-NP-A,
and Technical Bulletin NSID-TB-86-08. The commitment
is that the reactor will remain shutdown by borated
ECCS water alone after a LOCA. Since credit for the
control rods is not taken for a LBLOCA, the borated
ECCS water provided by the accumulators and the RWST
must have a concentration that, when mixed with other
sources of borated and ncn-borated water, will result
in the reactor core remaining subcritical assuming all
control ‘rods out.: o

A reduced thermal design flow of 82,500 gpm/loop, 25%
uniform SGTP, maximum peaking factor Fe(Z) of 2.40, and
a hot channel enthalpy rise factor F'yw of 1.65 have a
negligible effect on the sources of borated and non-
borated water assumed in the long term cooling
calculation. However, the minimum temperature
associated with a T., operating window of 566°F to
580°F will result in a small increase in RCS mass which
can impact the source of water with a relatively low
boron concentration. Also the minimum available RWST
volume including uncertainties which impacts the
borated water assumption was considered. These effects
were evaluated to determine the impact on the long term
‘¢ooling capability of the ECCS system, and - it was
determined that adequate margin currently exists.

Hot Leg Switchover to Prevent Potential Boron
Precipitation (UFSAR Sections 15.4.1 and 6.3.2)

Post-LOCA hot leg recir;ulation time is determined for
inclusion in-emergency procedures to ensure no boron
precipitation in the reactor vessel following boiling

.in the core. -This recirculation time is dependent on

power level, and the RCS, RWST, and accumulator water
volumes and boron concentrations.. The MRP parameters
have a negligible effect on the assumptions for the
RCS, RWST, and the accumulators in the hot leg
switchover calculation.
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However, the T.., operating window of 566°F to 580°F can
result in a small reduction in the RCS mass, which can
affect the post-LOCA hot leg switchover time.

An evaluation was performed for the reduced RCS mass
which showed that there was no significant change to
the post-LOCA hot leg switchover time. Therefore, the
current hot leg switchover time remains applicable.
The cold leg and hot leg recirculation flows are not
impacted by the increased peaking factors and margin
recovery effects. Therefore Long Term Core cooling is
maintained.

Steam Generator Tube Rupture (UFSAR Section 15.4.4)

A Radiological Dose Analysis has been performed for the
Salem Units 1 and 2 Steam Generator Tube Rupture (SGTR)
accident. The plant parameters considered for the
analysis include the current licensed power level of
3423 MWt with a T., temperature range from 566°F to
577.9°F and a maximum steam generator tube plugging
level of 25%, along with an associated thermal design
flow range from 82,500 to 87,300 gpm per loop and a
steam pressure range from 677 to 828 psia.

The SGTR accident analysis for Salem was performed to
evaluate the radiological consequences due to the
event. The accident is assumed to take place at power
with the reactor coolant contaminated with fission
products corresponding to continuous operation with a
limited amount of defective fuel rods. The primary-to-
secondary break flow following a SGTR results in
depressurization of the RCS, which leads to automatic
reactor trip and SI actuation. A loss of offsite power
is assumed to occur at reactor trip, and the steam
generator pressure increases rapidly after reactor
trip, resulting in steam release to the atmosphere
through the steam generator safety and/or power- ‘
operated relief valves. Thus, a SGTR accident results
in the transfer of radicactive coclant to the secondary
system and subsequent release of activity to the
atmosphere. The SGTR analysis in the Salem UFSAR
indicates that the offsite radiation doses due to a
SGTR will be less than the 10 CFR 100 guidelines.
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The major factors that affect the extent of the
radiocactive release and the resultant offsite radiation
doses for a SGTR are the amount of fuel defects (level
of reactor coolant contamination), the primary to
secondary mass transfer through the ruptured tube, and
the steam released from the faulted steam generator to
the atmosphere. The SGTR analysis consists of a
thermal and hydraulic analysis to determine the primary
to secondary break flow and the steam released to the
atmosphere, and a radiological consequences analysis to
calculate the offsite radiation doses resulting from
the event.

SGTR Analysis Assumptions and Methodology

The SGTR thermal and hydraulic analysis was performed
using the methodology and assumptions which were used
for the Salem UFSAR SGTR analysis. The SGTR accident
is a double-ended. rupture of a single steam generator
tube. The loss of reactor coolant via the ruptured
tube leads to RCS depressurization. Reactor trip and
safety injection actuation are assumed to occur
simultaneously when the pressurizer pressure decreases
to the low pressure safety injection setpoint.
Following SI actuation, the break flow rate is assumed
to equilibrate at the pressure where the safety
injection flow rate is balanced by the outgoing break
flow rate. This resultant equilibrium break flow rate
is assumed to persist until 50 minutes, at which time
it is assumed that the operator actions to terminate
the break flow are completed. The break flow rates
prior to and following reactor trip and SI actuation
are based on the pressure differentials for the two
periods and are used to determine the total primary-to-
secondary break flow.

Since a loss of off-site power is assumed to occur at
the time of reactor trip, the condenser steam dump
system would not be operable. Thus, the steam
generator pressure increases rapidly following reactor
trip, and steam is relieved through the steam generator
safety and/or power-operated relief valves to dissipate
the plant residual heat and the core decay heat.
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For the SGTR analysis, it was assumed that the steam
generators are maintained at the lowest safety valve
pressure following reactor trip and SI actuation. A
mass and energy balance for the primary and secondary
systems was utilized to calculate the steam released
via the safety valves on the faulted and intact steam
generators to 32 hours, plant cooldown to the RHR
operating conditions is assumed to be performed by
releasing steam from the intact steam generators.
After 32 hours, the steam release is assumed to be
terminated and the RHR System is used to remove decay
heat and to continue the cooldown to cold shutdown. A
mass and energy balance for the primary and secondary
systems was used to calculate the steam releases and
feedwater flows for the three intact steam generators.

The results of the SGTR analysis are bounding for
operation of Salem Units 1 and 2 within the range of
parameters considered.

4.3.2 SGTR Dose Analysis Results
The results of the Salem SGTR analyses for the MRP are
summarized below. The results of the SGTR thermal and

hydraulic analysis were used to calculate the offsite
radiation doses at the site boundary for a 2 hour
exposure and at the low population zone for the 32 hour
duration of the release.
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The offsite doses were calculated for both a pre-
accident iodine spike and an accident initiated iodine
spike. The calculations are based on the Technical
Specification reactor coolant activity and an assumed
total primary to secondary leakage rate of 1.0 gpm to
all steam generators prior to the accident. This
represents a change from the Salem UFSAR since the SGTR
offsite doses were previously calculated based on 1%
defective fuel without assuming any iodine spiking, and
as a function of primary to secondary leakage rates
from 0 - 10 gpm. The results of the offsite dose
analysis are compared below with the acceptance
criteria.

SGTR Analysis Conclusions

The results of the revised analysis are elither less
than or greater than those of the current UFSAR
analysis, depending upon which cases are compared.
Because the radiological basis for the current
calculation has been upgraded to meet more current NRC
requirements (Standard Review Plan, NUREG-0800), the

new and old analyses are not directly comparable. 1In
addition the new analysis accommodates a longer
operator action time of 50 minutes. For example, the

UFSAR presents the offsite doses as a function of
primary-to-secondary leak rate, which is varied from 1
to 10 gpm. The current analysis only considers a 1 gpm
leak rate, which is equal to the Technical
Specification LCO. The UFSAR analysis utilizes primary
coolant iodine activity based on 1% fuel defects, while
the current analysis is based on pre-accident and
accident initiated iodine spikes, which are more
conservative than the assumption of 1% defects.
Regardless, the calculated doses for an SGTR with both
pre-accident and accident initiated iodine spikes are
well below the appropriate NRC acceptance criteria.
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Radiological Consequences of a Tube Rupture

Current Acceptance
v+ FSAR Criteria'
Thyroid Dose with Pre-Accident
Todine Spike
Site Boundary (0-2 hours) 23.6 6.62 10 CFR 100
Low Population Zone (0-32 hours) 2.2 .18’ 10 CFR 100
Thyroid Dose with Accident
Initiated Spike
Site Boundary (0-2 hours) 3.6 n/a 30 rem
Low Population Zone (0-32 hours) 0.6 n/a 30 rem
Whole - body y 10 CFR 100
Site Boundary (0-2 hours) .1.2E-1 1.9E-1 10 CFR 100
Low Population Zone (0-32 hours) 1.0E-2 1.3E-2""" 10 CFR 100

Containment Analysis

Containment Integrity Analyses are performed to ensure
that the pressure inside containment will remain below ~
the containment building design pressure if a Loss-of-
Coolant Accident (LOCA) should occur during plant
operation. The analysis ensures that the containment
heat removal capability is sufficient to remove the
maximum possible discharge of mass and energy to
containment without exceeding the containment design
pressure. Short-term LOCA analyses are conducted to
determine the ability of containment sub-compartments
to withstand the high pressure pulse associated with
the rupture of a high energy pipe.

The purpose of this discussion is to review the
evaluation conducted to determine if the LOCA mass and
energy releases and the resulting containment response
from the Containment Margin Program can be shown to
bound the Margin Recovery Program (MRP). From a short-
term LOCA perspective, an evaluation was conducted that
compared the current releases with the MRP conditions
and the recently evaluated Rerating Conditions.

SRP Section 15.6.3
Without iodine spike
0-8 hour dose at the LP2Z
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4.4.1 Evaluation of Plant Changes on LOCA Containment

Integrity
Purpose:

The purpose of this evaluation was to estimate the
effect of the above plant changes on the LOCA mass and
energy releases and the resulting containment response.

Steam Generator Tube Plugging:

The Containment Margin Program and the Rerating Study
used a SGTP of 0%, which is conservative for
containment integrity analysis. A 0% Steam Generator
Tube Plugging level:

. Maximizes reactor coolant volume
. Maximizes heat transfer area across the SG tubes
° Lower resistance in loop, therefore increased

break flow, lower DP up-stream of break

The effects of asymmetric tube plugging on the double-
ended pump suction (DEPS) case are bounded by the
assumption of no tube plugging. This is due to the
effects described above as well as the insensitivity of
total energy released to tube plugging levels.
Therefore, the mass and energy release and containment
response is bounded by the Containment Margin Program
and Rerating Study.

RCS Pressure Uncertainty and RCS T.., Range:

Long-term LOCA mass and energy release analyses are
bounded by high pressure and low temperature. The new
RCS pressure uncertainty and T,, range result in a
slight difference in values from the Containment Margin
program values. The difference is offset by margin;
thus, the analysis remains bounding for long-term LOCA
mass and energy.
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An evaluation was conducted to determine if the current
short-term releases bound the new conditions. A short-
term sub-compartment evaluation was conducted for
Rerating Conditions to determine the effect of proposed
rerating on structural integrity. The Rerating Study
concluded that the current sub-compartment analysis
results remain bounding for the proposed rerating of
3600 MWt. However, rerating of the Salem Units did not
occur. Since Salem has whip restraints, using double-
ended data is conservative and RCS loop breaks (except
for the reactor cavity) are less than a single-ended
break area. The increase in releases for hot leg
breaks was analyzed to be less than 17%. However,
assuming a hot leg break size of not larger than
single-ended, a benefit of at least 58% .was documented.
For cold leg breaks, an increase in releases of 15% was
calculated. However, the benefit, for cold leg breaks,
associated with assuming no break larger than single-
ended is at least 23%. Therefore, the current short-
term analysis will remain bounding for the margin
recovery program.

RCS Thermal Design Flow:
The effects of thermal design flow are propagated in

containment integrity analysis through RCS temperature
and pressure. For long-term LOCA, containment

.temperature and pressure peaks after blowdown, where

the effect of thermal design flow is negligible.
Therefore, the Containment Margin Program analysis
remains bounding. For short-term LOCA, there is no
significant impact of thermal design flow on the
calculations. Thus, the current analysis remains
bounding.
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Accumulator Operating Conditions

Historically, nominal accumulator pressure and water
volume have been used in calculation of containment
peak pressure for long-term LOCA analysis. However,
analyses have shown that minimum accumulator pressure
and maximum accumulator volume are more conservative
from containment integrity analysis standpoint. Still,
the amount of margin obtained by using nominal
accumulator values is small compared to the inherent
conservatism in the containment analysis.

Results

The evaluation has shown that changes in plant
parameters described previously have negligible effect
on mass and energy releases.

For long-term, the current releases remain bounding.
For short-term LOCA, the current releases remain
bounding when whip restraints and/or Leak-Before-Break
(LBB) technology are taken into account. These
assumptions reduce the possible break area, and are a
benefit for mass and energy releases.

Component Evaluations

The American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code provides criteria and
requirements for the evaluation of stress levels in the
pressure boundary for design, normal operating, and
accident conditions. The margin of safety provided by
use of the design pressure as a basis for pressure
limits is provided by the inherent safety factors in
the criteria and requirements of the ASME Code. 1In

10 CFR 50.55a, the Nuclear Regulatory Commission (NRC)
defines, for design purposes, the applicable ASME Code
Edition for Class 1 components for plants whose
construction permits were issued prior to May 14, 1984
to be the Code Edition defined in the construction
permit. The applicable Editions of the Code and
subsequent Addenda are defined in Table 4.2-9 of the
Salem UFSAR.
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4.5.1 Reactor Vessel

Evaluations were performed for the various regions of
the Salem reactor vessels to determine the stress and
fatigue usage effects of Nuclear Steam Supply (NSSS)
operation at the Margin Recovery Program (MRP)
conditions throughout the current plant operating
license. The evaluations assess the effects of the
revised design transients, operating parameters, and
reactor vessel/internals interface loads on the most
limiting locations with regard to ranges of stress
intensity and fatigue usage factors in each of the
regions. Where appropriate, stress and fatigue
evaluations were performed for the MRP conditions.
Results of these evaluations were compared to the
applicable Code Sections limits. The conclusion of the
evaluations are that the Salem reactor vessels can be
operated for the remainder of their 40 year life over
the range of applicable Twe and T.as values.

For all evaluated components, the stress intensity
range remains below the Code limit of 3S., with the
exception of the Control Rod Drive Mechanism (CRDM)
housings. Therefore, the acceptability of operation at
the MRP conditions was justified by simplified elastic-
plastic analysis.

4.5.2 Reactor Internals

Since the operating parameters for the MRP differ from
the original design, the reactor vessel system/fuel
interface was thoroughly addressed in order to assure
compatibility and structural integrity of the core
during operation. In addition, thermal-hydraulic
analyses are required to verify that existing core
bypass flow limits are not exceeded and to develop
pressure drops and upper head temperatures for input to
Appendix K (Emergency Core Cooling System), non-LOCA
accident analyses, and NSSS performance evaluations.
The subject areas most likely to be affected by changes
in system operating conditions are:

1) Reactor internals system thermal/hydraulic
performance
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2) Rod control cluster assembly (RCCA) scram
performance, and

3) Reactor internals system structural response and
integrity

System Pressure lLosses

Total coolant pressure drops across the reactor
internals were evaluated for the current plant
configuration. Two cases were evaluated for the effect
on the reactor vessel/internals/fuel pressure drops.
Case I included a core inlet temperature of 52%9.0°F,
25% peak steam generator tube plugging (SGTP), and a
thermal design flow of 82,500 gpm/loop. Case II
included a core inlet temperature of 543.2°F, 25% peak
SGTP, and a thermal design flow of 82,500 gpm/loop.
For the worst condition, Case I, the total reactor
internal pressure drop will decrease compared to the
present condition.

Bypass Flow Analysis

Bypass flow is the total amount of reactor coolant flow
bypassing the core region and is not considered
effective in the core heat transfer process. Analyses
were performed to estimate core bypass flow values to
ensure that the design bypass flow limit for the plant
is not exceeded.

Bypass flow is composed of leakage through the baffle
joints and into the core prior to the flow entering the
bottom of the core; diverted flow into the vessel
closure head region for ccoling purposes; leakage from
the inlet/downcomer region directly into the outlet
nozzle; leakage through the baffle plate cavity gap at
the periphery of the core; and fuel assembly thimble
tube leakage. The sum of these flows was determined to
be below the design limit of 7.2%.
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Hydraulic Lift Force Analysis

An evaluation was performed to estimate the hydraulic
lift forces on the various reactor internal components
for the MRP. This analysis is required to determine if
the reactor internals remain seated and stable.
Hydraulic 1lift forces were calculated based on a
mechanical design flow rate of 99,600 gpm/loop. The
overall effect of the MRP upon reactor internal
hydraulic forces is negligible compared to the original
analyzed condition.

RCCA Scram Performance Evaluation

The RCCA drop time and the corresponding normalized
RCCA position versus time curve were evaluated for the
MRP conditions and found to be acceptable.

Structural Evaluation

Structural evaluations were performed to demonstrate
that the structural integrity of the reactor components
is not adversely affected by the change in RCS
conditions and transients, or by the change on reactor
thermal/hydraulic or structural performance. The
presence of heat generated in reactor internal
components, along with the various fluid temperatures,
results in thermal gradients within and between
components. These thermal gradients result in thermal
stresses and thermal growth which must be accounted for
in the design and analysis of the various components.
Evaluations were performed for the critical reactor
internal components which indicated that the structural
integrity of the reactor internals is maintained for
the proposed MRP conditions.

Mechanical System Evaluations

Evaluations of the critical reactor internal components
were performed which indicated that the MRP conditions
will not adversely impact the response of the reactor
internals systems and components to Seismic/LOCA
excitations and flow induced vibrations.
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Steam Generators

The Salem Units 1 and 2 steam generators were evaluated
with respect to structural integrity, thermal hydraulic
performance, U-bend vibration, and U-bend wear.

Structural Evaluation

Structural evaluations of the critical components of
the Model 51 steam generators were performed to justify
operation at MRP conditions. The critical components
considered included the tubesheet and shell junctions,
the divider plate, the steam generator tubes, the
tube/tubesheet weld, the nozzles, and the shell
including the upper shell penetrations. The MRP
conditions, in particular the reduction in vessel
outlet temperature, cause a reduction in the secondary
side temperature and pressure, which results in a
higher pressure differential across the primary-to-
secondary boundary.

The results of the evaluations showed that the maximum
stress intensities remain within the limits for all
conditions analyzed. Fatigue usage factors remained
below the ASME Code allowable limit of 1.0 for all
components, with the exception of the manway bolts.
The bolts were not originally qualified for 40 year
operation at the current conditions, and the same is
true for the MRP conditions.

Thermal Hydraulic Evaluation

The thermal hydraulic characteristics, such as
circulation ratio, hydrodynamic stability, and
secondary mass of the Salem steam generators were shown
to be acceptable for the range of conditions which
bound the conditions of the MRP.
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U-Bend Vibration

The potential for vibration of the small radius U-bends
due to fluid elastic instability at the MRP operating
conditions was evaluated. The evaluation identified
all tubes which might be sufficiently affected by
vibration such that preventative action would be
required. For each of these tubes a minimum operating
steam pressure was determined which would permit the
tube to remain in service for the remainder of the
operating plant license.

U-Bend Wear

Tubes in the U-bend region of steam generator tube
bundles have shown some degree of wear at the
intersections with the anti-vibration bars (AVBs).
Rather than corrosion, AVB indications have been
confirmed as wear caused by fluid elastic vibration.
Estimates for increased wear at the AVB intersections,
which could result from the MRP conditions, were
developed. The proportion of tubes which become
unstable as a result of the changed operating
conditions in relation to the tubes which are already
unstable was determined. The evaluation performed
showed that a very small number of tubes (<5 tubes per
steam generator) might be affected by long term
operation at the MRP conditions. Therefore, the
increase in wear resulting from the revised operating
conditions is not considered significant.

Pressurizer

The functions of the pressurizer are to absorb any
eXxpansion or contraction of the primary reactor coolant
due to changes in temperature and pressure and to keep
the reactor coolant system at the desired pressure.

The first function is accomplished by keeping the
pressurizer approximately half full of water and half
full of steam at normal conditions, connecting the
pressurizer to the RCS at the hot leg of one of the
reactor coolant loops and allowing inflow to or outflow
from the pressurizer, as required.
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The second function is accomplished by keeping the
temperature in the pressurizer at the water saturation
temperature corresponding to the desired pressure. The
temperature of the water and steam in the pressurizer
can be raised by operating electric heaters at the
bottom of the pressurizer and can be lowered by
introducing relatively cool water spray into the steam
space at the top of the pressurizer.

The pressurizer components were evaluated for the
conditions associated with the MRP. The results showed
that all pressurizer components meet the ASME Code
requirements. The evaluations showed that there is no
significant effect on the component stresses and
fatigue analysis, except for the surge nozzle. The
surge nozzle stress analysis was revised for the
revised thermal stratification pipe loads, and was
determined to be acceptable.

Reactor Coolant Pumps (RCP)

The revised conditions associated with the MRP were
reviewed, and it was determined that the RCP and RCP
motor integrity and functions remain acceptable under
these new conditions.

The RCP structural integrity and RCP coastdown was

determined to be acceptable for the MRP conditions.
Pump pressure boundary components are not adversely
affected.

The revised pump hot and cold horsepower projectiocns
are 6320 and 7970 hp, respectively. Calculated values
of winding temperatures rise remain within the
allowable limits. Therefore, continued operation of
the motors at the MRP conditions is acceptable.

The worst case starting scenario was determined for
maximum reverse flow under cold loop conditions with
80% of rated voltage. The revised parameters represent
a marginal increase over the current loading, and
therefore, should not have a significant impact on
motor starting performance.
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Control Rod Drive Mechanism

An evaluation was performed to determine the effects of
the MRP on the Model L106A CRDMs at Salem Units 1 and
2. The evaluation determined that the current analysis
of the CRDMs remains bounding for the conditions
associated with the MRP.

Reactor Coolant Piping and Supports

An evaluation was performed to determine the impact on
the design basis analysis for the reactor coolant loop
piping and the primary equipment supports from
operating at the MRP conditions which incorporate a
range of Reactor Coolant System (RCS) temperature, a
reduced Thermal Design Flow (TDF), 20% average and 25%

.peak Steam Generator Tube Plugging (SGTP) levels.

The focus of this evaluation centered on the variation
of the operating temperatures in the.system. The -
proposed operating temperature for the hot leg will
range from 601.3°F to 616.3°F compared to the original
design temperature of 610.8°F. This range considered
the envelope of all the conditions presented in this
program. The proposed operatlng temperatures for the
cold leg ranged from 529°F to 543.7°F compared to the
original design temperature of 545°F.

Three types of analyses were directly or indirectly

‘influenced by the.changes in the operating temperature.

The thermal, seismic and LOCA analy51s were evaluated-
for the potential impact of these modified
temperatures. For the conditions defined for the Salem
MRP the existing analysis results have been reconciled
and continued to be applicable for both the old and new
plant conditions. The pressurizer thermal
stratification analysis was reconciled to the specified
conditions without changes to the usage factor and the
surge nozzle loadings.
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4.5.8 Auxiliary Equipment
4.5.8.1 Auxiliary Heat Exchanger/Tanks

The regenerative heat exchanger, residual heat
exchanger, seal water heat exchanger, excess letdown
heat exchanger, non-regenerative heat exchanger,
component cooling water heat exchanger, sample heat
exchanger, and spent fuel pit heat exchanger were
evaluated for the conditions associated with the MRP.
The evaluation concluded that there is no adverse
impact on the auxiliary heat exchangers. In addition
the auxiliary tanks are not.impacted by the MRP.

4.5.8.2 Auxiliary Valves

The original design and qualification requirements of
the auxiliary valves at Salem Units 1 and 2 were
evaluated. The transients resulting from the MRP are
bounded by the original design transients, and
therefore, will not adversely impact the auxiliary
valves.

4.5.8.3 Auxiliary Pumps

The auxiliary pumps, including positive displacement
pump, safety injection pump, residual heat removal
pump, CVCS charging pump, component cooling water pump,
containment spray pump, spent fuel pit pump, boric acid
transfer pump, chemical drain tank pump, holdup tank
recirc. pump, and RCS drain tank pump were evaluated
for the MRP conditions. The specifications require the
pumps to be qualified for pressure and temperature
transients, or, if the equipment was not expected to be
significantly affected by the transients, it was
designed for maximum steady state pressures and
temperatures only. The evaluation concluded that the
MRP will not affect the qualification of the auxiliary
pumps.
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Fluid and Auxiliary Systems Evaluations

In general, the direct consequences of the MRP on the
Salem NSSS fluid systems are changes in RCS operating
temperatures (Twe, T and T.g) and reductions in RCS
volume, SG thermal performance (e.g., SG outlet
pressure) and RCS loop flows. The scope of this
section applies to the following NSSS and auxiliary
fluid systems:

. Reactor Coolant System (RCS)

. Chemical and Volume Control System (CVCS)
. Safety Injection System (SIS)

. Residual Heat Removal System (RHRS)

. Spent Fuel Pit Cooling System (SFPCS)

. Component Cooling Water System (CCWS)

. Waste Disposal System (WDS)

. Containment Spray System (CSS)

. Sampling System (SS)

Each of the systems was reviewed to determine the
effect of implementation of the MRP operating
conditions. Where the revised conditions were outside
of the original design parameters, the system was
further assessed to evaluate the acceptability of the
new operating conditions.

Reactor Coolant System

The Salem Unit 1 and 2 RCS is comprised of four
parallel heat transfer loops which are connected to a
single reactor vessel which houses the reactor core.
Each heat transfer loop is comprised of a SG and a RCP.
To allow RCS pressure to be maintained and controlled
during both normal and abnormal plant operating
conditions, a pressurizer vessel is provided. A surge
line is provided at the bottom of the pressurizer which
is also connected to one RCS heat transfer loop. RCS
pressure control is provided by use of pressurizer
electric heaters, a pressurizer vessel spray subsystem
and pressurizer Power Operated Relief Valves (PORVs).
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System overpressure protection is provided via three
safety relief valves which are mounted at the top of
the pressurizer vessel. Discharge from the pressurizer
PORVs and/or safeties is directed to a Pressurizer
Relief Tank (PRT).

The direct consequence of additional SG tube plugging
is a reduction in overall RCS volume. For this
project, a range of RCS liquid volume and corresponding
mass was calculated based on the project variations in
RCS operating parameters and existing values for
component nominal volumes. In general, a reduction in
RCS power volume/mass associated with SG tube plugging
has no direct impact on system operation. The impact
of this reduction on plant safety analyses are
discussed in other sections of this report.

The RCS temperature allowable operating ranges were
compared to assumptions utilized to generate auxiliary
equipment design transients. The comparison showed
that the existing transients are either unchanged or
are still bounding at the specified RCS operating
conditions.

The results of the various evaluations showed that the
revised RCS operating conditions remain within the
system design and performance requirements without any
limitations.

Chemical and Volume Control System

The Salem Unit 1 and 2 CVCS is comprised of a letdown
and charging subsystem which provides support services
to the RCS during plant operations. During normal
plant operations, the CVCS is used to maintain
pressurizer level, provide purification and dilution of
the RCS, provide seal injection flow to support RCP
operation and provide means for RCS chemical addition
(boron, lithium, hydrogen, etc.). The CVCS is provided
with three parallel system pumps (two centrifugal
charging and one positive displacement) capable of
taking suction from the Volume Control Tank (VCT), the
Refueling Water Storage Tank (RWST) and the emergency
boration flow path (boric acid tanks/transfer pumps).
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The direct consequence of higher RCS operating
temperatures 1s a higher interface temperature with the
CVCS (i1.e., letdown temperature). With the
nonregenerative and/or excess letdown heat exchangers
in service, a higher inlet temperature has the
potential to increase heat exchanger duty and/or reduce
heat exchanger thermal performance (e.g., outlet
temperature). The expected worst-case (highest)
letdown temperature (@RCS Tcold conditions) under the
revised RCS operating conditions is maintained at or
below the subject heat exchanger design inlet
temperatures. As such, the regenerative and excess
letdown heat exchangers heat load, process outlet
temperature and service side outlet temperature would
not increase. Since the nonregenerative (letdown) and
seal water heat exchangers receive flow from these heat
exchangers, they would also not be impacted by the
revised RCS operating temperatures.

Likewise, the direct consequence of lower RCS operating
temperatures is a lower interface temperature with the
CVCS (i.e., letdown temperature). From a heat
exchanger thermal performance (heat load) perspective,
this is generally a non-limiting condition. With
respect to the RCS, the letdown fluid temperature sets.
the temperature of the charging flow returned to the
RCS (a lower letdown temperature will result in a _ower
charging return temperature). The overall reduction in
charging flow return temperature is evaluated to have
an insignificant impact on RCS ncrmal operations due to
1) the relatively large flow difference between the RCS
loop (82,500 gpm) and the charging returned flow

(<100 gpm) and 2) RCS loop Tcold is measured
downstream of the charging return connection.

The direct consequence of additional SG tube plugging
is a reduction in overall RCS volume/mass. In general,
reduced RCS volume/mass associated with SG tube
plugging is conservative with respect to CVCS chemical
addition operations, and as such, is evaluated to be
acceptable. The CVCS design basis is confirmed as part
of the reload process. Thus, the reduction in shutdown
margin and its effect are also confirmed on a reload
basis.
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The results of the various evaluations showed that the
revised RCS operating conditions remain within the
system design and performance requirements without any
limitations.

Safety Injection System

The Salem Unit 1 and 2 SIS is comprised of multiple
subsystems which provide emergency core cooling
following primary and secondary side design basis
events. The revised RCS operating conditions have no
direct impact on the performance capability of the SIS.

Residual Heat Removal System

The Salem Unit 1 and 2 RHRS is comprised of two
parallel cooling trains. Each train contains a
centrifugal pump and a shell and tube heat exchanger.
To support plant heat-up and cool down, cold shut down
and refueling modes of operation, the system takes
suction from one of the RCS hot legs and can return the
flow to all four RCS cold leg loops. System heat
removal and pump cooling is provided via the CCWS.

The RHRS 1is aligned for operation only during Hot
Shutdown, Cold Shutdown, and Refueling conditions. The
operating conditions for the RHRS are not impacted by
the full power conditions for the MRP. There is a
minor effect of reduced RCS volume inventories at the
higher steam generator tube plugging levels in terms of
sensible heat load, but this is conservative with '
respect to RHRS performance.

Spent Fuel Pool Cooling System

The Salem Unit 1 and 2 SFPCS is comprised of a single
cooling train which contains two parallel centrifugal
cooling pumps. The system cooling pumps recirculate
Spent Fuel Pit (SFP) fluid through a shell and tube
heat exchanger where SFP heat can be transferred to the
CCWS. The SFPCS has no direct connection with the RCS.
Since the decay heat from the spent fuel will remain
the same, the performance capability of the SFPCS is
not impacted.
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Component Cooling Water System

The Salem Unit 1 and 2 CCWS is comprised of two
parallel cooling loops which is serviced by three
parallel centrifugal cooling pumps. Each cooling loop
is provided with a heat exchanger where waste heat can
be transferred to the Service Water System (SWS). The
direct consequence of higher RCS operating temperatures
is a higher letdown temperature. The interface with
the CCWS is at the excess letdown heat exchanger,
letdown (or non-regenerative) heat exchanger, and seal
water heat exchanger. The expected letdown temperature
(at RCS Tcaa conditions) under the MRP operating
conditions is maintained at or below the subject heat
exchanger design inlet temperatures. As such, the non-
regenerative, excess letdown, and seal water heat
exchangers heat load, process outlet temperature, and
service side outlet temperature will not increase.

Waste Disposal System

The Salem Unit 1 and 2 WDS is comprised of separate
gaseous and liquid waste processing subsystems. Plant
operation with reduced RCS volumes (due to SG tube
plugging) could potentially reduce total ligquid waste
volumes/increase waste activity levels originating from
the RCS and its connected auxiliary systems. This is
judged to have an insignificant impact on system
operation. Operations with the revised RCS operating
conditions have no direct impact on WDS performance
capability.

Containment Spray System

The Salem Unit 1 and 2 CSS is comprised of two separate
trains which can provide post-accident containment
cooling, sump pH adjustment and sump iodine retention.
Each CSS train contains a centrifugal pump which takes
suction from the RWST and delivers its flow to two CSS
ring headers located in the upper portion of the
containment building. Both CSS trains utilize an
eductor device to meter in a small amount of
concentrated NaOH solution from a common Spray Additive
Tank (SAT). The concentrated NaOH mixes with the
borated RWST water and raises the pH of the sprayed
solution to an alkaline condition.
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The revised RCS operating conditions have no direct
impact on the performance capability of the CSS.

Sampling System

The Salem Unit 1 and 2 SS is comprised of various flow
paths which provide means for samples from the RCS and
selected auxiliary systems to be drawn and cooled for
analyses. The CCWS is used to provide cooling to each
of the sample coolers.

The direct consequence of higher RCS operating
temperatures is a higher interface temperature with the
SS when a fluid sample is drawn. In general, a higher
fluid inlet temperature has the potential to increase
sample heat exchanger duty and/or reduce heat exchanger
thermal performance (e.g., outlet temperature). The
expected worst-case (highest) sample temperature (GRCS
Thot conditions) under the revised Margin Recovery RCS
operating conditions i1s maintained at or below the
subject heat exchanger design inlet temperatures. As
such, sample heat exchanger heat load, process outlet
temperature and service side outlet temperature (or |
design flow requirements) would not increase. 1In
general, lower operating temperatures represents a non
limiting condition from the heat exchanger thermal
performance perspective. The results of the various
evaluations showed that the revised RCS operating
conditions remain within the system design and
performance requirements without any limitations.

Conclusion

NSSS components were evaluated and results compared to
the allowable stress and fatigue limits defined by the
ASME Code Editions to which the components were
originally designed and evaluated. 1In almost all
cases, the MRP conditions and transient locadings
resulted in stresses and fatigue usage factors below
the Code allowable limits. The exceptions were
justified by simplified elastic plastic analysis.
Therefore, it has .been determined that the NSSS
components will not be adversely affected by the MRP.
Moreover, the MRP will not adversely impact the NSSS
and auxiliary fluid systems.
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.S The sealing mechanism associated with each penetration (e.g., '
welds, bellows or 0-rings) is OPERABLE. <
JSKED

9 CCRR ALTERATION shall be the movement or manipulation of any component
<ithin the reactor pressure vessel with the vessal nead removed and fuel .1
the vessel.
novement of a component to 4 safe conservative position.
Tosee ™ A

©0SE EQUIVALENT L-13]

Suspension of CORE ALTERATION shall not preclude completion of

10 DCSE EQUIVALENT I-131 shall be that concentration of I[-131 (migcrocuries
cer gram) which alcone would produce the same thyroid dose as the quantity and
isctopic mixture of I-131, I-132, I-133, I-134, and I-135 actually present. The

OPERA

INSERT A

a .
The CORE OPERATING LIMITS REPORT (COLR) is the

unn-specific document that provides core operaung limis for the current
opersung reload cycie. These cycle-specific core operating limmy shail be
derarmuned for each reload cycle in accordance with Specification 6.9 1.9 Unut
operanog wrthin these opersung lumis s addressed o mdvudualquuﬁcumnu

1 1-2 Amendment No. ‘73



2.0 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1 SAFETY LIMITS

REACTOR CORE

1.1 The combination of THERMAL POWER, pressurizer pressure, and the

ighest operating loop coolant erature (T. ) shall not exceed the
1imits !%10 Figuref]2.1-1 ﬁ for 4%8Re— 1o0p operation,
reIDectH

#PLICABILITY: MODES 1 and 2.

CTION:

enever the point defined by the combination of the highest oparating
00p average tamperature and THERMAL POWER has exceeded the appropriate
ressurizer pressure line, be {n HOT STAND8Y within 1 hour.

Move b y
-3

EACTOR_COOLANT SYSTEM PRESSURE

.1.2 The Reactor Coolant System pressure shall not exceed 2735 psig.
PPLICABILITY: MOOES 1, 2, 3, 4 and §.

1 and 2

Whenever the Reactor Coolant Syst-. pressure has exceeded 2735 psig,
be i{n HOT STANDSY with the Reactor Coolant System pressure within
1ts limit within 1 hour.

MODES 3, 4 and §

Whenever the Reactor Coolant System pressure has exceeded 2735 psig,
?61&1 the Reactor Coolant System pressure %o within its limit within
minutes.

FALEH - UNIT 1 2-1



INSERT
h2t
HERE

DK of Rated
Flux High Trip

Fraction ol Rated Tharmal Power

- FIGURE 2.1-1  'REACTOR CORE SAFETY LIMIT - FOUR LOGPS IN
OPERATION
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TABLE 2.2-1

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

FUNCTIOMAL UNITY

1. Manual Reactor Trip
2. Power Range, Neutron Flux

3. Power Range, Neutron Flux,
High Positive Rate

4. Power Rangs, Neutron Flux,
High Negative Rate

S. Intermediate Range, Neutron
Flux

6. Seurce Range, Meutron Flux
7. Overteaperature AV

6. Overpower AT ’

9. Pressurizer Pressure--lLow

10. Presswrizer Pressure--High

1. Pressurizor Water Level--High

12. Loss of Flow

TRIP SETPOINT

Not Applicable

Low Setpoint - < 25X of RATED
THERMAL POWER

High Setpoint - < 109K of RATED
THERMAL POVER

< SX of RATED THERMAL POWER with
a time constant > 2 second

SX of RATED THERMAL POWER with
time constant > 2 second

25X of RATED THERMAL POWER

®IA

1A

< 10°

counts per second !
See Note )
See Note 2

1065 psig

Iv

IA

2385 psig

92X of instrusent span

in

i\v

> 90X of design flow per loop®

*Design flow ﬂs@m per loop.

82,500

ALLOMABLE VALUES

Ia

v

Not Applicable

Low Setpoint - < 26X of RATED
THERMAL POWER

High Setpoint - < 110X of RATED
THERMAL POWER

< 5.5X of RATED THERMAL POWER
with a tise constant > 2 second

< 5.5% of RATED THERMAL POWER
with a tise constant > 2 second

< 30X of RATED THERMAL POWER

< VL3x 10° counts per second
See Note 3
See Note A

tv

1855 psig
2395 psig

1A

-

93X of instrument span

89X of design flow per loop*




% TABLE 2.2-1 (Continued)
‘— - .
= REACTOR TRIP SYST:M INSTRUMENTATION TRIP SETPOINTS
S NOTATIOM (Continuec)
:: [————————-- Operation with 4 Loops
A A
.._L_._____. K] = T bl
O'OZB "( = : - n
5 ;
G.00 /o zo[K\gjj‘ 6500673
and f, {al) is a functior of the irdicated <ifference between top and bottom detectors
qf thl power-range nuc!gar ion chambers; wit™ 22°7s to be selected based on measured
~ instrument response during plani startup tesis sucla that: 4+ i3
[vn]

(i) for q, - o, between -22 newraert and Eéégpercent, f) (al) = 0
(wher& q Rnd q, are percent RAT=D THERMAL POWER in the top and bottom
halves o* the cBre respectively, and Q, + q, is total THERMAL POWER in
percent of RATED TUEMMEL 20WE2, .

(11) for each percent that the magniiude of (q, - q,) exceeds -23 percent,
the AT trip setpoint shall be automatical‘y retluced by 1.26 percent of

' its value at RATED THERMAL POWER. ;ig::::::]
(i1i) for each percent that the magnitude of (q, - q, ) exceeds percent,

the aT trip setpoint shall be automaticalfy reduced by +-34 percent of

its value at RATED THERMAL POWER.
2,03




g TABLE 2.2-1 (Continued)
Q REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS
[ ]
S NOTATION (Centinued)
=
Wote 2:  Overpewer AT < AT (K -k, [ ::: ] T - K (1-T")-0,(aD))
where: Al. - Indicated AT at RATED THERAL POMER
. T s Aversge temperatwre, °f
@Wl at MATED THENWAL POVER < 577.9°F
Ke = -‘\.
gy = 0.02/°F for increasing average temperature and O fer decreasing
z aversge tesperature

GO g R for 1> T K= 8 ter T T
[]

1S
F!_g =  The function gensrated by the rate lag centreller for l m-lc
g ) ceapensatien
g Ty " Vime constant utilized {n the rate lag centreller for T,
- Ty = 10 secs. ave
& $ = Laplace trensfern eperater, Sec 1.
g -

fz(Al) = 0 fer all Al
Hote 3: The channel’s maximum trip peint shall mot exceed fts ccquud trip peint by more than

—®/——§> E perceat.

Note 4, The chaamel’s sazismm trip peist shall set exceed Ats camputed trip joint by more than

@f@mmt.




2.1 JAFETY LIMITS
MsEs
2.1 AJACTOR comp

The restrigtions of this safaty limit prevent o
ve
possible cladding perforation which would g:.ulg in gh:h:ﬁ::.“f‘h' f‘."l and
products to the reactor coolant. Overheating of the fual chddin: t“"“"
by rastricting fusl ocperation to vithin the nucleats boiling r-u-'-ﬁ.'::":;:d

hast transfar coefficiant is large and the cladd
slightly above tha coolant saturstion cq‘?uu:‘?' surface tamperaturs is

Operation above tha upper boundary of the nucleats

bo
rasult {n sxcassive cladding temperatures because of the at:::'o;. ::::r::u“
from nucleate boiling (DNB) and the resultant sharp reductienm in heat t i
coefficient. DNB is not a directly msasurable paramester during °”"u°:m‘;:u

therefors TEERMAL POWER_gnd Reactor Coolsnt Temper
‘related to DNB through . < lant T rature and Prussurs have bean

T

R R vy
LR W PV APV IYERY "

daveloped to predict the DN flu '
for axially uniform and non-unifors haat {lux unum::.m’f::ﬁ“mg o
hast flux ratio, DNIR, delined as the ratio of the hast flux that would cause

DNB at & particular '
s “p;u . cors location to the local heat flux, is indicative of :he

The curves of Pigurdii] 2.1-1 [end 313} showstha loci of points of THERMAL
mmn. Reacter Coolant System pressurs and sverage temperaturs for which the
imm DNBR is no less than the design DNAR valua, or the averags enthalpy at
the vessel exit is equal to the sathalpy of asaturated ligquid.

1
The DNB design basis is as follows: uncertainties in the WRB-1 and ‘;
WRB-2 correlations, plant operating parameters, nuclear and thermal Il
{ parameters, fuel fabrication parameters, and computer codes are considered
statistically such that there is at Jeast a 95 percent probability with 95 \
percent confidence level that DNBR will not occur on the most limiting fuel
rod during Condition I and II events. This establishes a design DNBR value ‘\
which must be met in plant safety analyses using values of input parameters
without uncertainties. l

SALPY - UNIT 1 B 2-1 Amendment No, 96



LIS

BASES g RTP

A4 )

——
The curves ars based on an anthalpy hot channel factor, E‘Wﬁ and
a reference cosine vith 4 peag of 1.33 for axial pover shape. dllovance s
included fOTr an increase in rw at reduced power based on the expression:

_ (to D
‘rcd{ pos. Foirs These limiting Reat flux conditions are higher than those calculated for
From

tha range of all controlVseds FULLY WITEDRAWN ‘the saximm sllowable conerol
rod insertion assuming the axial power imbalance {s vithin the limits of the
£, (al) function of the Overtemperaturs trip. When the axial powver imbalancs
i8 not within the tolersnce, the axial power iabalancs effect on the
Overtasparaturs AT trips vill reducs the setpoints to provids prozaction
consistant with core safety liaits.

2.2 REACTCR COOLANT SYSTRM FRISSURE

The reastriction of this Safety Limit protects the intagrity of the
Reactor Coolant System from overprassurization and theredy prevents ths
release of radionuclides contained in the reactor coolant from reaching the
containmant atmosphers.

The resctor pressure vessal and prassurizer are dasigned to Sectiea III
of the ASME Coda for Nuclear Power Plant vhich permits & mazisum transient
pressurs of 110X (273S psig) of design prassure. The Rasctor Coolsnt System
piping and fittings are dasigned to AMSI B 3i.1 1953 Idition wvhile the valves
are designed to AMSI B 16.5, M38-3P-86-1964, or ASME Section III-1968, which
perait maximus transieat pressures of up to 120X (2985 peig) of compenent
design prassure. The Safety Limit of 2735 psig is thefefors comsistent vith
the design criteria and associated coda requiremsnts.

The eatirs Rsactor Coolant Systam is hydrotasted at 1107 psig, 123X of
dasign pressurs, to damonstrata intagrity prior to imitial operatiea.

INSERT C

N RTP

FAH = FAH [1.0 + PFAH(]"O - P)]

Where: FRTP is the limit at RATED THERMAL POWER (RTP) specified

in the CORE OPERATING LIMITS REPORT (COLR) .
N . . "
PF.., is the Power Factor Multiplier for Fay specified 1in
aAH

, and P 1is POWER
the COLR RATED THERMAL POWER

Salem - Unit 1 322 Amandment No, 91



rkas not been

L

evaluates and

% Mf' /36!‘/71;/‘7‘:}/

LIMITING SAFETY SYSTEM SETTINGS

BASES

Operation with a reactor coolant loop aut of sarvice below the d
Toop P-8 set point does not require reactor protection systam set point
modification because the P-8 set point and associated trip will prevent
ONB during 3 loop operation exclusive of the Overtemperature AT set

point. Three Toop operation above the 4 1oop P-8 set point¥is—permis-
sible—after resetting the K1, K2 andKIinpuits—Sto—the-Qventampenatiyre

sl channels and raising-theR-8 set-point—Soits—3teep—value—Iin——
thismode—of cperationrtheP-8interlockandtripfunctions a5 a—High
[ Neystron-Elux—tain at-the reduced—power—level.

Overpower aT

The Overpower AT reactor trip provides assurance of fucl integrity,
e.g., no melting, under all possible overpowc: conuitions, limits the
required range for Overtemperature AT protection, and provides a backuy.

to the High Neutron Flux trip. The setpoint includes corrections for
changes in density and heat capacity of water with temperature, and

dynamic compensation for piping delays from the core to the loop temcerature
detectors. No credit was taken for operation of this trip in the accident
analyses; however, its functional capability at tic specified trip

setting is required by this specification to enhance tiie overall reliadility
of the Reactor Protaction System.

Prassyrizer Prassure

The Pressurizer High and Low Pressure trips are provided to limit
the pressure rande in which reactor operation is permitted. The Hign
Pressure trip is backed up by the pressurizer code safety valves for
RCS overpressure protection, and is therefore set lower than the set
pressure for these valves (2485 psig). The Low Pressure trip provides
protection by tripping the reactor in the event of a lass of reactor
coolant pressure.

Pressurizer Water Level

The Pressurizer High Water Level trip ensures protection agains<t
Reactor Coolant System overprassurization by limiting the water 1eve1.
to a volume sufficient to retain a steam bubble and prevent water relief

SALEM - UNIT 1 8 2-5



LIMITING SAFETY SYSTEM SETTINGS

I EREES S AR SN EIN I R I NIRRT R I I RN RS I I T I I I A I I I I AN EEIRI IS SIIIRIITITIRITIITI==

BASES

through the pressurizer safety valves. No credit was taken for operation of
this ctrip in the accident analyses; however, its functional capability at the
specified trip setting is required by this specification to enhance zhe
overall reliability of the Reactor Protection System.

Logg of Plow

The Loss of Flow trips provide core protecticn to prevent DNB in the
event of a loss of one or more reactor coolant pumps.

Above 11 percent of RATED THERMAL POWER, an automatic reactor trip will
occur if the flow in any two loops drop below 90% of nominal full loop flow.
Above 36% (P-8) of RATED THERMAL POWER, automatic reactor trip will occur if
the flow in any single loop drops below 30% of nominal full loop flow. This
latter trip will prevent the minimum value of the DNBR from going below the

deszgn DNBR value during normal opetatlonal transzents[éad—ana*e&paaed

Steam Generat Wa ve

~ The Steam Generator Water Level Low-Low trip provides core protection 2y
preventing operation with the steam generator water level below the minimum
volume required for adequate heat removal capacity. The specified setpoint
provides allowance that there will be sufficient water inventory in the steam
generators at the time of trip to allow for starting delays of the auxiliary
feedwater system.

‘ SALEM - UNIT 1 B 2-6 Amendment No.!/3




SEUTDOVME MARGIN - 'r.'q > 200°r

LIOATING CONDITION FOR OPERATION

3.1.1.1 7The SEUTDONN MARGIN shall be 2 WM/E:L

APPLICABILITY: MODSS 1, 2+, 3, and ¢.
ACTIQN
With the SHUTDOWN MARGIN < 164 Ak/ ; immediately initiate and continue

boration at 2 33 gpm of a selution containing I} 6,560 ppa boron or eqQuivalent
until]l the required SAUTDOWM MARGIE is restorsd.

1.3%

SURVEILLANCE REQUIREMENTS

4.1.1.1.1 The SRUTDOWN MARGIN shall be determined to be 2 1764 Ak/

a. Wichin one hoyr aftsr datection of an inoperable ¢ontrel rod(s)
and at least once per 12 hours thersafter while the rod(s) is
inoparable. 1f the inoperable control rod (s immovable or
uatrippadble, ths above rsquired SHUTDONN MABGIN ahall be incresased
by an amount at lsast equal to the withdrewn worth of tha immoveble
ar untrippable control rod(s).

b. When i{ia MODES ] or 2', at least once per 12 hours by verifying
that coatrol bank withdrawal is within the u-Lqu- Specification
3.1.3.8.

in —+he

CotR
per

c. When in MOO® 2”, within ¢ hours prier te achieving reactor
eriticality by verifying that the predicted critical control rod
position is within che limitape# specification 3.1.3.5.

-

*See Special Test Excaption 3.10.1

22 & 1.0

#owich ‘otf < 1.0

4881880 —delta ki —dusringCrele—ii-of-epevavieny

#Wich Re

SALEX - ONIT 1 3/4 1-1 Amsndaent No. 149




REACTIVITY CONTROL SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

d. Prior to initial operation above 5% RATED THERMAL PCWER after
each fuel loading, by consideration of the factars of e below,
with the control banks at the maximum insartion limit ef
Specification 3.1.13.5.

e. When in MODES 3 or 4, at least once per 24 hours by consideration
" of the following factors:

1. Reactor coolant system boron concertratian,

Control rod position,

Reactor coolant system average temperature,

Fuel burnup based on gross thermal energy generation,

Xenon caoncentration, and

(e ) wn » w ~N
. . . . .

Samarium concentration.

4.1.1.1.2 The averall core reactivity balance shall be compared to
oredicted values to demonstrate agreement within + 1% ik/k at least once
per 31 Effective Full Power Days (EFPD). This comparison shall consider
at least those factors stated in Specification 4.1.1.1.1.e, above.

The predictad reactivity values shall be adjusted (normalized) to.corre-
spond to the actual core conditions prior to exceeding a fuel burnup of
6Q Effactive Full Power Days after each fuel loading.

SALEM - UNIT 1 3/4 1-2



RZACTIVITY CONTROL IYITRME

EODERATOR IRMPERATURE COLFFICIENT
. LIKITING CORDITION FOR OPERATION N

3.1.1.6 The moderater temperature coafficlenc (NTC) shall bef) */

——a

Lée (BoL)
Lt

sPe_c__Lgied
n T‘F\i COLR

a. Vith the NTC sore positive than the' ltate PEII-T-boar—sbowey
operations in MODES 1 and 2 say proceed previded:

1. Control rod vithdraval limits are established and maintained
sufficient te restoZe the KIC te less positive than

2a—/%7° P vithin 26 hours er be in HOT STANDAY within the
next 6 hours. Thess withdraval limits shall be {n additionm to

the {nsertiod limicg, of 3pecificaction 3.1.3.#"@) .
"F poe n Me
2. The contrel rods are maintained vithis the wvithdraval liamics | CoLE

established abpve uncil a subsequent calculation verifies

that the NTC has been restered te within its limit for the all
rods vithdrava conditiee.

3. A Special Repert is prepared and submitted te ths Commission
pursuant te Specificatien 6.9.2 vithia 10 days, describing
the valus of the measured KIC, the {nteris contrel red
vithizawel limits and the predicted sverage cotre burmp

pecessary for restering the pesitive XIC te within {ts liait
fer the all reds vithdravn cenditiea.

b. Gth che NIC mere negative than the, lisit e ririrerbebeve; be

in HOT SWUTDOWM within 12 heucs.
pec. tied
in the COLR

&0

wich K ., greater than et equal te 1.0

#See Special Test Ixceptiom 3.10.3

SALIN - UNIT 1 3/6 1-9 Asandment Fe. 113




INSERT D

within the limits specified in the CORE OPERATING LIMITS REPORT
(COLR) . The maximum upper limit shall be less positive than or
€qual to 0 Ak/k/°F.




SURVEILLANCE REQUIRDXENTS
. 4.1.1.4 The KIC shall be determined to be within its liasits duxin; sach fuel
cycle as follows:
a. The KIC shall be messured and cowpared to the BOL limft ot
Fpeeiiestion 334 —sbove] prior te {n{tlal operaticn above
200 SO of RATID THERMAL POVIR, after each fuel loading.

¢ 200pp

/ TurJe.once

at any THIRMAL POVIR end compared to

(a1l reds withdrawn, RATED THERMAL POVER |
conditien) vithin 7 LFPD after reaching as .qummu- boron

concentration of 300 ppe. In the event phis ¢ indicates
the NIC (s more negative the XTC |
shall be remeasured, and eocpc:od te the IOL XTC limic foff

spestfivetton—d-1-1-6-0; 4t least oncs per 14 EFPD during the
remaindar of the fuel cyels.

SALDM - UNIT 1 3/6 1-3a Amendaent No. 113




REACTIVITY CONTROL SYSTEMS

SEMBLIES

LIMITING CONDITION FOR OPERATION

3.1.3.1 A1l full length (shutdown and control) rods, shall be OPERABLE and
positioned within + 12 steps (indicated position) of their group step
counter demand pasTtion within one hour after rod motion.

APPLICABILITY: MODES 1* and 2*

ACTION:

With one or mre full length rods inoperable due to being
immovable as a result of excessive friction or mechanical
interference or known to be untrippable, determine that the
SHUTDUWN MARGIN requirement of Specification J.l1.l.l is satisfied
within 1 hour and be in HOT STANDBY within 6 hours.

with more than one full length rod inoperable or mis-aligned from
the group step cunter demand position by more than + 12 steps
(indicated position), be in HOT STANDBY within 6 hours.

With one full length rod inoperable due to causes other than
addressed by ACTIUN a, above, or mis-aligned from its group step
counter demand position by more than + 12 steps (indicated
position), POWER OPERATION may continue provided that within one
hour either: :

1. The rod is restored to OPERABLE status within the above
alignment requiremants, or

2. The remainder of the rods in the bank with the inoperable

rod are aligned to within * 12 steps of the inoperable rod

in +he COLR | while mintaining the rod sequenca and insertion limits of

per Spec-

Ahe THERMAL POWER level shall be

Lt cation 3.13.9| restrictad pursuant to Specification 3.1.3.5 during

Subsaquent operation, or

3. The rod is declared inoperable and the SHUTDOWN MARGIN
requiremant of Specification 3.1.1.1 {s satisfied. POWER
OPERATION may then continue provided that:

*See Special Test Exceptions 3.10.2 and 3.10.3.

SALEM - UNIT 1 3/4 1-18 Amendmnet No. 73




BT TR LIPS AR NY N
[ ]

FOSITION DEICATION SYSTEM SEVTDOWN

LDMOTING CONDITION POR OPIRATION

3.1.3.5 Ths control banks shall be limited in physical insertion as Showm e

B it Y =
APPLICABILITY: MOOES 1¢ ;?o\ s epasy o oPes: Na]

M. TS REPORT (2oLF).
ACTION:

With the control banks insarted beyond the sbove insertion limits, except for
surveillance testing pursuant to Specification 4.1.3.1.2, either:

a. Restore the control banks to within the limits within two hours,
(-2 4

b. Reduce THERMAL POWER within two hours to less than or equal to
that fraction of RATRD mg which is allowed by the bank
position using the .

insertion l-m.'fs
c. DBe in at WtMthMG&SPemFQAmﬂ\C

COLR, or

SURVEILLANCE REQUIRDMENTS
R e

4.1.3.3 The position of esch control bank shall be determined to be within

the insartion limits at least once par 12 hours by use of the group demand
counters and verified by the analog rod position indicators™* except during ]
time intervals vhen the Red Insertion Limit Monitor is inoperabla, then vu-ify
the individual rod positicns at lesast once per & hours*®.

**For powar lavels balov 50X ona hour tharmal “scak time" is permitted.
Duzing this scak tims, the absclute valua of rod motion is limited to six
staps.

#uith l.“ greater than or equal to 1.0

*See Special Test Ixceptiocms 1.10.2 and 3.10.3 i
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l 3/4.2 a2 BISTRIZUTIAN LIVITS

AXTAL TUUX BTTTISIVED (AFD)

LIMITING CSNOITION FOR QPERATION

3.2.1\ The indicated AXIAL FLUX OIFFZRENCE (AFD) shall be mafnsained
uithin@ target band ] about the targer flux

difference. as spec.tied in the CORE
N OPERATING LIMITS REPORT (COLR)

APPLICABILITY: MQDE 1 ABOVE 50% RATED THEPMAL POWER®

ACTION:

a. With the indicated AXIAL FLUX DIFFERENCE outside of the ieve]
1imits, and with THERMAL PCWER:

Above 90% of RATED THERMAL POWER, witkirn 1S minytes:

a) Either restore the indicated AFD to within the
target band limits, or

b) Reduce THERMAL POWER to less than 30% of RATED
THERMAL POWER.

Between 50% and 90% of RATEQ THERMAL POWER:

a) POWER QPERATION may continue provided:

1)

The -indfcateqd/ AFD has not been outside o the
Timits for more than 1 hour penalty
deviation cumulative during the orevious 24
hours, and

The {ndicated AFD s within the 1imits (zhown—on
@. Otherwise, reduce THERMAL POWER
ess than 50% of RATED THERMAL POWER within

30 minytes and reduce the Power Range Neutron
Flux-High Trip Setsotnts to <555 of RATED
THERMAL POWER within the next 4 hours.

Surveillance testing of the Power Range Neutron Flux
Channels may be performed pursuant %0 Specification
4.3.1.1.1 provided the indicated AFD is maintained
within the 1imils [ef—F . A total of 16
hours operation may be accumulated with the AFD
outside of the target band during this testing
without penalty deviation,

*See Special iest Sxception 3.10.2

ISALEM - UNIT 1 374 241 Amendment No. §, 22,30



POWER DISTRIBUTION LIMITS

LIMITING CONDITION FOR OPERATION (Continued)

b.  THERMAL POWER shall not be increased above 90% of RATED THERMAL
POWER unless the indicated AFD is within the~abov§f1imit and
ACTION 2,a) 1), above has been satisfied. -

S"p@c:‘Q)e,& in The- o LRSS
¢. THERMALJPOWER shall not be increased above 50% of RATED THERMAL

I
|

POWER(UnTess the indicated AFD has not been outside of the‘@bevg‘

limits¥for more than 1 hour penalty deviation cumulative
during the previous 24 hours,

SURVETLLANCE REQUIREMENTS

4.2.1.1 The indicated AXIAL FLUX DIFFERENCE shall be determined to be
within its 1imits during POWER OPERATION above 15% of RATED THERMAL ROWER
by:

a. Monitoring the indicated AFD for each OPERABLE excore channel:

1. At least once per 7 days when the AFD Monitor Alarm is
OPERABLE, and

2. At least once per hour for the first 24 hours after
restoring the AFD Monitor Alarm to OPERABLE status.

b. Monitoring and logging the indicated AXIAL FLUX DIFFERENCE for
each OPERABLE excore channel at least once per hour for the
first 24 hours and at least once per 30 minutes thereafter,
when the AXIAL FLUX DIFFERENCE Monitor Alarm is inoperable.

The logged values of the indicated AXIAL FLUX DIFFERENCE shall
be assumed to exist during the interval preceding each Togging.

4.2.1.2 The indicated AFD shall be considered outside of its limits when

at Teast 2 of 4 or 2,0f 3 OPERABLE excore channels are indicating the
AFD to be outside i 4 i —2~+. Penalty deviation

Ouffjff;ifnge_4qﬁﬁ4EPSha11 be accumulated on a time basis of:

a. One minute penalty deviation for each one minute of POWER
OPERATION outside of the limits at THERMAL POWER levels equal
to or above 50% of RATED THERMAL POWER, and

b. One-half minute penalty deviation for each one minute of POWER
OPERATION outside of the limits at THERMAL POWER levels below
50% of RATED THERMAL POQOWER.

SALEM - UNIT 1 3/4 2-2 Amendment No. 20
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POWER DISTRIBUTION LIMITS

HEAT FLUX HOT CHANNEL FACTOR-FA(Z

LIMITING CONDITION FOR OPERATION

3.2.2 FQ(Z) shall be limited by the following relationships:

| Fo(2) < [2.32] [K(Z)] for P > 0.5

FQ(Z)_S [(4. 843 _[K(Z)] for P < 0.

-2=2 for a
given core height location. ;

APPLICABILITY: MODE 1

|ACTION:

With FQ(Z) exceeding its limit:

-~ a. Reduce THERMAL POWER at least 1% for each 1% F.(Z) exceeds the
1imit within 15 minutes and similarly reduce tRe Power Range
Neutron Flux-High Trip Setpoints within the next 4 hours; POWER
OPERATION may proceed for up to a total of 72 hours; subsequent
POWER OPERATION may proceed provided the Overpower AT Trip
Setpoints have been reduced at least 1% for each 1% F~(Z)
exceeds the 1imit. The Overpower AT Trip Setpoint reduction
shall be performed with the reactor in at least HOT STANDBY.

b. Identify and correct the cause of the out of limit condition
prior to increasing THERMAL POWER above the reduced limit
required by a. above; THERMAL POWER may.then be increased
provided FQ(Z) is demonstrated through incore mapping to be
within its*1imit.

SALEM - UNIT 1 3/4 2-5 Amendment No. 30



INSERT E

=]
)
N
A

< F§® * K(z) for P > 0.5, and
P

F,(z) < FY7 * K(z) for P < 0.5,

0.5

Where F§™ = the F, limit at RATED THERMAL POWER (RTP) specified in
the CORE OPERATING LIMITS REPORT (COLR),

P = THERMAL POWER and
~ 'RATED THERMAL POWER ' 20

K(z) = the normalized Fy,(z) as a function of core height as
specified in the COLR.



POWER DISTRIBUTION LIMITS

SURVETLLANCE REQUIREMENTS

4.2.2.1 The provisions of Specification 4.0.4 are not applicable.

4.2.2.2 F‘ shall be evaluated to determine {f FQ(Z) i within 1ts
1i{mit bdy: y

a. Using the movadle incore detectors to obtain a power distribu-
tion map at any THERMAL POWER greater than 55 of RATED THERMAL
POWER.

b. Increasing the measured F__ component of the power distribution
map by 35 to account for Binufacturing tolerances and furtner
{ncreasing the value by 5% to account for measurement
uncertainties.

c. Comparing the F camputed (FxS) obtained in b, above to:

xy
1. The F, listts for RATED THERMAL POWER (FITP) for the
appropriate measured core phnc_s' given in ¢ and f delow,

and ’PF’ ;Sﬁe PMCT Cag:forl
@D mabigler Chr F e She
2. The relationship: CoL Y |
L . ¢RTP ’
F,y F,y DE30-p))
where rx; is the 1imit for fractional THE OwsR

operation expressed as a function of F':y” and P s
the fraction of RATED THERMAL POWER at which F!y s
Beasured.

d. Remsasuring F" according to the following schedule:

1. When Fls is greater than the F’:,” 1i{mit for the aporopriate
measyred core plane but less than the Fl; relationship,

additional power distridbution maps shall be taken and
RTP L.
xy and ny :

a) Either within 24 hours after exceeding by 20% of
ATED THERMAL POWER or greater, the THERMAL POWER
4t which Fls was las: determined, or

¢
ny compared to F

SALEM - UNIT 374 2-6 Amendment No. 30
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POWER - DISTRIBUTION LIMITS

SURVE I LLANCE REQUIREMENTS (Continued)

b) At least once per 31 EFPD, wr chever occurs first.
. c RTP
2. wWhen the Fyy is less than or equal to the F,y, limit for tne
appropriate measured core plane, aaditional power gistribution maps

C RTP L
shall be taken ang Fy, compared to Fxy and Fxy 4t least once

per 31 EFPO.
RTg

e. The Fyy limit for Rated Thermal Power (Fyy) shall be provided for
all core planes containing bank "U” control rods and all unrodded core
planes in prRgatatPepicingFactor—Limit—Report per specification
6.9.1.9.

f. The Fxy limits of e, above, are not applicable Tn the following core
plane regions as measured in percent of core height from the dottom of
the fuel:

l. Lower core region from U to 15% inclusive.

2. Upper core region from 85 to 100% inclusive.

3. Grid plane regions at 17.8 + 2%, 32.1 + 2%, 46.4 + 21,
60.6 + 23 and 74.9 + 23 incTusive.

4. Core plane regions within + 2% of core height (+ 2.88 inches) about
the bank demand position of the bank “U" control rods.

g. Evaluating the effects of Fyy on FQ(Z) to determine if FQ(Z) is

c L
is within its limit whenever Fyy exceeds Fxy.
SALEM - UNIT 1 3/4 2.7 Amendment No. 82
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NUCLEAR ENTHALPY HOT CRANNEL FACTOR - F\,
. LIMITING CONDITION FOR OPERATION
3.2.3 l’:l shall be limited by the following relationship:

APPLICABILITY: MODE !
ACTION:
With P‘:s exceeding its limit:

a. Raduce THERMAL POWER to less than 302 of RATID TEERMAL POWER vithin
2 hours and reducs the Pover Range Neutrom Flux-High Trip Setpoints
to S 55T of IATED THEERMAL POWIR vithin the naxt 4 hours,

b. Demcnstrate thru in-core mapping that r" is within its limit wvithin
24 hours after exceeding the limit or rﬂm THIXMAL POWER 20 less
than ST of RATID THERMAL POWER vithin the next 2 hours, and

c. Identify and correct the cause of the out of limit conditioen prior
to incrssasing THERMAL POWER above the reduced limit required by a.
b. above; subsaequant POWER OPERATION may procsed provided that

is demonstrated through in-cors mapping to be within its limit
. at¥a nominal 50T of MATED THERMAL POVER prior to exceeding chis

THERMAL POWER, at a nominal 752 of RATED TEERMAL POWER prior to

exceading this THERMAL power and vithin 24 hours after attaining 952
or greater RATED TEERMAL POWER,

INSERT C

N RTP
F,y = Fay (1.0 + PF4(1.0 - P)]

TP v .
Where: FZH is the limit at RATED THERMAL POWER (RTP) specified
in the CORE OPERATING LIMITS REPORT (COLR).

N ’ [} .
PF,; is the Power Factor Multiplier for F,4 specified in
the COLR, and P is THERMAL POWER
RATED THERMAL POWER

SALEM - UNIT 1 3/4 2-9 Amandaant No. 96




LIMITS

‘ 4 Loops In
EARAMETER _pesacion
Feza

Reactor Coolant Systeam T.

s
ve
Pressurizer Pressure psia* 2

Reactor Coolant Systea @ gped 2

>4 I)OOO

(I,

28%, 500 gpay

Elow

*Limit not applicable during either THERMAL POWER ramp incrsase in excess of
52 RATID THIRMAL POWER per minute or a THERMAL POWER step incresase in excess
of 102 RATID THERMAL POVER.

#lncludas a @ flow messurement ocncertainty plus 2 0.12 mesasuresent

unc.ruiatyi dus to feedvater venturi fouling.
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BASES

&

A sufficlent SHUTDOUN MARCIN ensures that l) cthe reacter can be made
subcritical Iroe 4ll operacing condltions. 2) the reactivicy transientcs
associated wiih postulated accident conditions are concrollable wichin
acceptable lizils, and J) che reactor vill be maincained sufficiancly
subcritical to preclude {nadverteant cricicallicty {n the shutdown condicion

SHUTDOWN MARCGIN requiresents vary throughout core 1i{fe g3 & funccion
of fuel depletion. RCS boron concentration, and RCS Tavg. The most
restrictive condition occurs at EOL, vith Tavg st no load opersting
tesperature, and (s associated vith a postulated steam line break accident
and resulting uncontrolled RCS cooldown. In cthe analysis of this sccident,

1.3% 2 alnisua m@ Ak/k L3 initially requized to comtrol the
reactivicy cransient. Accordingly, the SHUTDOWN MARCIN requirement {s
based upon chis lisicing condition and (s censistent vith FSAR safecy
analysis assumptiens. Wich Tavg< 200°F, cthe reactivity transiencs
resulting from & pestulated steam line Dreak cooldown are minimal and & 1t
Ok/k shucdown margin provides adequate proteccien.

iz 1 1.6 MOOERATOR TEMPERATURE COERFFICIENT (MIC)

The lisicatiens on MIC are provided te ensure that the value of this
coefficiant remains vithin the lisiting condition assumed {n che asccident
and transient snalyses. :

SALIM - UNIT | 5 3/ L1 Amendment No. 109




Enol of
Cye le Life

(eoL)

The MIC values of this specification are applicable to a specific set of
plant conditions; accordingly, verification of MTC values at conditions other

than those explicitly stated vill require extrapolation to those conditlons {n
order to permit an accurate comparison.

The most negative MTC value equivalent to the most positive moderator
density coefficlent (MDC), vas obtained by incrementally correcting the MDC
used {n the FSAR analysis te nominal operating conditions. These corrections
{nvolved: (1) a conversion of the MDC used in the FSAR analysis to {ts
squivalent MTC, based on the rate of change of moderator density with
temperature at RATED THERMAL POWER conditions, and (2) subtracting from this
value the largest differences in MTC observed betveen EOL, all rods vithdrawn,
RATED THERMAL POWER conditions, and those most adverse conditions of moderator
teaperature and pressure, rod insertion, axi{al power skewing, and xenon
concentration that can occur in normal operation and lead to a significancly
asore negative EOL MIC at RATED THERMAL POWER. These corrections transformed

the MDC value used in the FSAR analysis {nto the IIhigzhiNHTc value, of
o 10——delta kA F— The MTC-valus—of -3 7 5 10— delta/R/F

The surveillance requirements for measurement of the MTC at the beginning
and near the end of the fuel cycle are adequate to confirm that the MTC
remains with {ts limits since this coefficient changes slowly due principally
to the reduction in RCS boron concentration associated wvith fuel burnup.

3/6,1,1.5 MINIMUM TEMPERATURE FOR CRITICALITY

This specification ensures that the reactor vill not be made critical
vith the Reactor Coolant System average temperature less than 541°F. This
limitation i{s required to ensure 1) the moderator temperature coefficient is
within {its analyzed temperature range, 2) the protective instrumentation {s
within {ts normal operating range, 3) the P-12 interlock is above its
setpoint, 4) the pressurizer {s capable of being in an OPERABLE status with a
steaa bubble, and 5) the reactor pressure vessel is above its ainimum RTNDT
temperature.

The 300 ppm surveillance limit MTC value represents a
conservative value at a core condition of 300 ppm equilibrium
boron concentration that is obtained by correcting the limiting
EOL MTC for burnup and boron concentration.

SALEM - UNIT 1 B 3/6 1.2 Amendment Fo. 113
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BASES

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
perform this function include: 1) borated water sources, 2) charging pumps,
3) separate flow paths, 4) boric acid transfer pumps, and 5) an emergency
power supply from OPEXRABLE dissel generators.

With the RCS average temperature 2 350°F, a minimum of two boron l
injection flow paths are required to ensure single functional capability in
the event an assumed failure renders cne of the flow paths inoperable. The

boration capability of either flow path is sufficient to provide a SHUTDOWN

MARGIN from—expected operating condTtions of i¥6A-delta k/k after xenon decay
and cooldown to 200°F. The maximum expected boration capability (minimum
boration volume) requirement is established to conservatively bound expected
operating conditions throughout core operating life. The analysis assumes
that the most reactive control rod is@ not inserted into the core. The maximum
expected boration capability requirement occurs at EOL from full power
equilibrium xenon conditions and requires borated water from a boric acid
tank in accordance with TS PFigure 3.1-2, and additional makeup from either: .-
(1) the second boric acid tank and/or batching, or (2) a maximum of 41,800
gallons of 2,300 ppm borated water from the refueling water storage tank.
With the refueling water storage tank as the only borated water socurce, a
maximum of 73,800 gallons of 2,300 ppm borated water is required. However, to
be consistent with the ECCS requirements, the RWST is required to have a
minimum contained volume of 350,000 gallons during operations in MODES 1, 2,

and 4.

3

The boric acid tanks, pumps, valves, and piping contain a boric acid
solution concentration of between 3.75% and 4.0V by weight. To ansure that the
boric acid remains in solution, the tank fluid temperature and the process
pipe wall temperatures are monitored to ensure a temperature of 63°F, or above
The tank fluid and pipe wall temperatures are monitored in the

is maintained.
A 5°PF margin is provided to ensure the boron will not

main control room.
precipitate out.

Should ambient temperature decrease below 63°F, the boric acid tank
heaters, in conjunction with boric acid pump recirculation, are capablae of
in the tank and in the pump at or above 63°F. A
in the flow path between the boric acid
suction line to the charging pump will precipitate
flow blockage even with temperaturese below 50°F.

maintaining the boric acid
small amount of boric acid
recirculation line and the
out, but it will not cause

With the RCS temperature below 350°F, oneé 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 injection

system becomes inoperable.

~Qa
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‘POWER DISTRIBUTION LIMITS -

BASES

3/4.2.2 and 3/4.2.3 HEAT FLUX AND NUCLEAR ENTHALPY HOT CHANNTL AMp
RADIAL PEAKING FACTORS-

Fol2), Ffﬂ and F (2)

The 1i{mits on haat flux and nuclezr enthalpy hot channgl factors
ensure that 1) the design limits on peak local power density and minimm
DNBR are not exceeded and 2) in the event of a LOCA the peak fuel eclad
temperature will not exceed the 2200°F ECLS acceptance criteria limit.

Each of these hot channel factors are measurible but will normally
only be determined periodically as specified in Specifications 4.2.2 and
4.2.3. This periodic surveillance s sufficient to {nsure that the hot
channel factor limits are maintained provided:

Coﬁtro1 rod {n a single group move together with no {ndividus)
rod insertion differing by more than + 12 staps froz the growp
demand pesition. : )

‘b. Control rod groups are sequenced with overlapping groups as
described in Specification 3.1.3.5.

e. The control rod inserzion limits of Specifications 3.1.3.4 and -
) 3,1.3.5 are maintained. '

d. The axial power distribution, expressed in terms of AXIAL FLUX
D_IFI—‘:RENCE. is maintained within the limits.

The relaxation In 2N as 1 function of THERMAL POWER allows changes
in the radial power slupﬁ"for all permissible rod fnsertion 1imits.

w %111 be maintained within its 1imits provided conditions a thru d
afove, are maintained.

When an F, measurement ig taken, both experimental error and man-
ufacturin tolemca nust be allowed for. 5% {s the appropriate allowance
for a full core map taken with the incore detector flux mapping system and
3% 13 the appropriate sllowance for manufacturing tolerance. ,

When Fln {s measured, experimental srror must be allowad for and 45
is the aﬁprépriate tiiowance for & full core,map taken with the incore
detection systam. The specified-limit for F"H also contains an 8%
gT‘l nce for uncertainties which mean that formal operation will n;un
;?onﬁ,? 5_@1.08. A The 8% allowance is based on the following considers-

SEQc;g;g N 3‘9\4

Where, 'Ffrp s the limt ot RATED THERMAL PON%R (RTP)
MT ColR).

SAL;H - UNIT 1 20"



POWER OISTRIBUTION LIMITS

BASES

a. abnormal perturdations in the ragral power shape, Such as from roc
misalignment, effect FNAH more directiy than Fq,

. although rod movement nas a direct i1nflyence upon limiting Fy 0
within its limit, sych control is not reddily availadble %o limiz

g, ang
aH

c. errors in prediction for control power shape detected during startud
physics test can be compensated for in Fg by restricting azial flux
distributions. This coepensation for F"M 1s less readily
availaple.

The radial peaking factor ny(z) 13 measured periodically to provide assurance @
that the hot channel factor, FQ(z)° remaing within its limit, The Fgy limit

for Rated Thermal Power (F,‘,”). as provided in the RedialteshingFfoctontimity
Report] per specification 6.9.1.9, was determined from expected power control
manueuvers over the full range of burnup conditions ia the cors.

3/4 2.4 QUACRANT POWER TILT RATIO

The quadrant power tilt ratio limit assures that the radial power
distribution satisfies the design values used in the power capability anmalysis.
Radial power distribution measurements are made cduring startup testing and
periodically during power operation.

The Vimit of 1.02 at which corrective action is required provides ONB ana
.1inear heat genearation rate protection with x<y plane power tilts. A limiting
tilt of 1.025 can be tolerated befare the margin for uncertainty in FQ 1s
depleted. The limit of 1.02 was salected %o provide an allowance for the
uncertainty associated with the indicated power tilt.

The two hour time allowance for operation with a tilt condition greater
than 1.02 but less than 1.09 fs provided %o allow ifdentification and correction
of a dropped or misaligned rod. [n the event such &cticn does Aot correct the
tilt, the margin for uncertainty on Fq is reinstated dy reducing the power Dy
3 percent from RATED THERMAL POWER for each percent of tilt in excess of 1.0.

SALEM - UNIT | B8 3/4 2.5 Amgndment No. 82




meet the DNB
3/4.4 REACTIOR COOLANT SYSTEM s"sf\ Qri"'tr;ob

.|BASES ‘ ‘ /

L

3/4 4.1 REACTOR COOLANT LOOPS AND COOLANT[CIRCULATION

The plant is designed to0 operate -11:%/11\ reactor coolant lgops in
operation, and uring all normal operations and
anticipated transients. [n MODES | and 2 with less than all coolant loops
in operation, this specification requires that the plant dbe in at least HOT
STAKOBY within | hour.

In MODE 3, a single reactor colant loop provides sufficient neat
reroval for resoving deciy heat: but, single failure cmnsiderations require
all loops be in operation whenever the rod control system is energized and
at least one inop be in operation when the rod control system is
deenargized. )

In MODE 4, a single reactor coolant loop or RHR logp provides
sufficient heat removal for resoving dacay heat: but, single failure
considerations require that at least 2 loops be OPERABLE. Thysg, if the
reactor coolant loops are mot OPERABLE, this specification requires that
twd RWR loops be OPERABLE .

In MODE 5, singla faiiure considerations require that two RHR loops be
OPERABLE. The provisions of Sacttons 3.4.1.4 and 3.9.8.2 (paragrapn (b) of
footnote (*)] which perwmit one service water header to bde out of sarvice,
are based on the following:

1. The perfod of time during which plant nperations rely upon the
provisions of this footnote shall be limited to a cumulative 45 days for
any singla outage, and . '

2. The Gas Turbine shall be operadle, as a backup to the diese!
generators, in the event of a loss of offsite power, to supply the
applicable loads. The basis for OPERABILITY 13 ome successful startup of
the Gas Turdbine 0 more than 14 days prior to the beginning of the Unit
outage. :

The operation.of one Reactor Coolant Pump or one RHR Pump provides
adequata flow to ensure mixing, prevent stratification and produce gradual
reactivity changes during Boron concentration reductions in the Reactor
Coolant System. The reactivity change rate 2ssociated with Boron
concantration reductions will, therefore, dDe within the capadiitity of
operator recognition and ntrel.

The restrictions on starting a Reactor Coolant Pump below P-7 with cne
or more RCS cold legs less than or equal @ 312°F sre providad to prevent
RCS pressure transients, caused Dy energy additions from the secondary
system, which culd exceed the 1imits of Appendix G to LOCFR Part 50, The
RCS will be protected against overpressure transients and will not exceed
the limits of Appendix G by either (1) restricting the water wlume in the
pressurizer (theredy providing a vwlume into which the primary colant can
expand, or (2) by restricting the starting of Reactor Coolant Pumps o
those times when secondary water temperature in each steam generator is

less than 50°F above each of the RCS cold leg temperatures.
SALEM - UNIT | 8 3/4 &) Amendment No. 72




DESIGN FEATURES

. a. In accordsnce vwith the code requirements specified in Section 4.1
of the FSAR, vith allovance for normsl degradsation pursuant to the
appliceble Surveillance Requirements,

b. For a pressure of 2485 psig, and

c. ::;.; temperature of 650°F, except for the pressurizer vhich is

3.4.2 :oul water and scesm volume of the reactor coolant systea i3

cubtc feet at a nominal Tavg of & 7r.
| 1244t 426 4.3 MEIEQROLQGICAL TOVER LOCATION

3.5.1 The metecrological towar shall be located as shown on Figure 5.1-1.

2.8__FUEL _STORAGE
SRITICALITY
5.6.1.1 The new fuel storage racks are designed end shall be maintained ;-
wvith:
a. A maximum Keff equivalent of 0.9% with the storages racks flooded
with unborated vater.

b. A nominal 21.0 inch center-to-center distancs between fusl
assemblies.

c. A maximm unirradiated fusl assembly enrictment of 4.5 w/e U-235.

5.6.1.2 The spent fusl storage racks are designed and shall be maintained
with:

&. A maximm Xeff equivalent of 0.95 with the storage racks filled with
unborated water.

b. A vominal 10.5 inch centsr-to-centsr distance between fusl
assombliss stored in Ragion 1 (flux trap type) racks.

e. A nominal 9.0%5 inch center-to-csnter distance between fusl
assemblies storsd in Region 2 (nom-flux trsp) racks.

d. Pwl acconblies stored in Ragion 1 racks shall meet ome of the
follawriag storage constzaints.

1. Unirradiated fuel assesblies vith a maximum enrichment of « 25
w/0 U-235 have unrestricted storags.

SALEM - UNIT 1 3-3 Amsndment No. 151




ADMINISTRATIVE QNTROLS

d. Saxce of wasts ard procsssing eployed (e.9., d-ltuum

) resin, compacted dry wasts, evaporatar bottoms),

e. Typs of catainer (e.g., LSA, Typs A, Typs B, large Quantity), ard
f£. Salidification agent or absarbent (e.¢., cmasnt, Wrea formaldeityts) .

The Radicactive Effluant Ralease Reparts shall include a list of descriptions
of uplamnad releases from the sits to UNRESTRICTED ARFAS of radicactive
matarials in gasecus and liquid efflusnts made Auring the reparting pericd.

‘D-MV‘uﬂmtmmmmeuamm
the reparting paricd to the PROCESS CONTROL FROGRAM (KCP) ard to the OFFSTTY

DOSE CALCULATION MANUAL (CDQM), as wall as a listing of new locations for dose
aalaulations anxd/ar enviramantal monitoring identified by the lam use cansus

purmant to Spacification 3.12.2.

6.9.2 Special repcrts shall ba suimittad to the U.S. Nuclear Requlatary
Camission, Doomant Coxitrol Dask, Vashington, D.C. 20535, with & copy to the
Muainistrator, USNRC Region I wvithin the tims paricd specified for each

SALEM - UNIT 1 624 Asarcient No. .3>




INSERT H

. 6.9.1.9 CORE QPERATING LIMITS REPORT (COLR)

a.

Core operating limits shall be established prior to each reload
cycle, or prior to any remaining portion of a reload cycle, and shall
be documented in the COLR for the following:

1. Moderator Temperature Coefficient Beginning of Life (BOL) and
End of Life (EOL) limits and 300 ppm surveillance limit for
Specification 3/4.1.1.4,

2. Control Bank Insertion Limits for Specification 3/4.1.3.5,

3. Bxial Flux Difference Limits and target band for Specification
3/4.2.1,

4. Heat Flux Hot Channel Factor, Fo, its variation with core

height, K(z), and Power Factor Multiplier PF,,, Specification
3/4.2.2, and

5. Nuclear Enthalpy Hot Channel Factor, and Power Factor
Multiplier, PF.; for Specification 3/4.2.,3.

The analytical methods used to determine the core operating limits
shall be those previously reviewed and approved by the NRC,
specifically those described in the following documents:

1. WCAP-9272-P-A, Westinghouse Reload Safety Evaluation
Methodology, July 1985 (W Proprietary), Methodology for
Specifications listed in 6.9.1.9.a. Approved by Safety
Evaluation dated May 28, 1985.

2. WCAP-8385, Power Distribution Control and Load Following
Procedures - Topical Report, September 1974 (W Proprietary)
Methodology for Specification 3/4.2.1 Axial Flux Difference.
Approved by Safety Evaluation dated January 31, 1978.

3. WCAP-10054-P-A, Rev. 1, Westinghouse Small Break ECCS
Evaluation Model Using NOTRUMP Code, August 1985 (W
Proprietary), Methodology for Specification 3/4.2.2 Heat Flux
Hot Channel Factor. Approved for Salem by NRC letter dated
August 25, 1993.

4. WCAP-10266-P-A, Rev. 2, The 1981 Version of Westinghouse

Evaluation Model Using BASH Code, Rev. 2. March 1987 (W
Proprietary) Methodology for Specification 3/4.2.2 Heat Flux
Hot Channel Factor. Approved by Safety Evaluation dated

November 13, 1986.

The core operating limits shall be determined such that all
applicable limits (e.g., fuel thermal mechanical limits, core thermal
hydraulic limits, Emergency Core Cooling Systems (ECCS) limits,
nuclear limits such as SDM, transient analysis limits, and accident
analysis limits) of the safety analysis are met.

The COLR, including any mid-cycle revisions or supplements, shall be
provided upon issuance for each relocad cycle to the NRC.
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DEPINITIONS

1.7 CONTAINMENT INTEGRITY shall existc when:

1.7.1 All penetrations required to be closed during accident condicions

are eirther:

a. Capable of being closed by an OPRRABLE containment automatic

1sclation valve system, or

b. Closed by manual valves, blind flanges, or deactivated
automatic valves secured in their closed positions,

provided in Table 3.6-1 of Specification 3.6.3.1.

1.7.2 All equipment hatches are closed and sealed,

1.7.3 Each air lock is OPERABLE pursuant to Specification 3.6.1.3,

1.7.4 The containment leakage rates are within the limitcs of

Specification 3.6.1.2, and

1.7.5 The sealing mechanism associated with each penetration (e.g.,

welds, bellows or O0-rings) is OPERABLE.

. 1.8 NOT USED

GORE ALTERATION

1.9 CORE ALTERATION shall be the movement or manipulation of any component
within the reactor pressure vessel with the vessel head removed and fuel in
the vessel. Suspension of CORE ALTERATICN shall not preclude completion of

movement of a component to a safe conservative position.
2 ToserT A
Y -

1.10 DOSE EQUIVALENT I-131 shall be that concentration of I-131 (microcuries
per gram) which alone would produce the same thyroid dose as the quantity and
isotopic mixture of I-131, I-132, I-133, I-134, and I-135 actually present.

INSERT A

I 9a
CORE CPERATING The CORE OPERATING L i
IS REPORT IMITS REPORT (COLR) is the

SALEM - UNIT 2 1-2

except as

unit-specific documeat that provides core operating limits for the current
operating reload cycle. These cycle-specific core operating limits shall be
mmd for_each reload cycle in accordance with Specification 6.9.1.9. Unyt
operation within these operming limuws is addressed in individual specifications
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.0 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

.1 SAFETY LIMITS
REACTOR CORE

FN

2.1.1 The combination of THERMAL POWER, pressurizer pressure, and the highest
P 1 T T g o o s o
APPLICABILITY: MODES 1 and 2. ’
ACTION:

Whenever the point defined by the combination of the highest opcntinglloop

average tamperature and THERMAL POWER has exceseded the appropriate pressurizer
prassure ling, be in MOT STANDBY within 1 hour.

REACTOR COOLANT SYSTEM PRESSURE

2.1.2 The Reactor Coolant Systes pressure shall not exceed 2735 psig.
APPLICABILITY: MOOES 1, 2, 3, 4 and §.
ACTTON:
MODES 1 and 2
Whenever the Reactor Coolant Systea pressure has exceeded 2735 psig, be
in HOT STANDBY with the Reactor Coolant Systas pressure within its limit
within 1 hour.
MODES 3, 4 and §
Whenever the Reactor Coolant System pressurs has exceeded 2735 psig,

reduce the Raactor Coolant Systes pressure to within its limit within §
ainutas. :

SALEM - UNIT 2 2-1
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TABLE 2.2-1

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

FUNCTIONAL UNIT

10.

11.

12.

Manual Reactor Trip

Power Range, Neutron Flux

Power Range, Neutron Flux,
High Positive Rate

Power Range, Neutron Flux,
High Negative Rate

Intermediate Range, Neutron

Flux

Source Range, Neutron Flux
Overtemperature AT
Overpower AT

Pressurizer Pressure--Low

pressurizer Pressure--High

pressurizer Water Level--
High

Loss of Flow

TRIP SETPOINT

Not applicable

Low setpoint -
THERMAL POWER

s 25 % of RATED

High Setpoint -
THERM ‘. POWER

s 109% of RATED
< 5% of RATED THERMAL POWER with
a time constant z 2 second

<« 5% of RATED THERMAL POWER with
a time constant 2 2 second

s 25% of RATED THERMAL POWER

s 10° counts per second
See Note 1

See Note 2

> 1865 psig

< 2385 psig

< 92% of instrument span

2z 90% of design flow per loop*

*Design flow isEééEEEE}gpm per loop.

SALEM

U
32,500

- UNIT 2

%]
w

ALLOWABLE VALUES

Not applicable

Low Setpoint -
THERMAL POWER

s 26% of RATED
High Setpoint - s 110% of RATED
THERMAL POWER

s 5.5%
with a

of RATED THERMAL POWER
time constant 2 2 second

s 5.5%
with a

of RATED THERMAL POWER
time constant =z 2 second

< 30% of RATED THERMAL POWER

< 1.3 x 10° counts per second
See Note 3

See Note 4

2 1855 psig

s 2395 psig

< 93% of instrument span

z 89% of design flow per loop*

Amendment No hb 14/



E TABLE 2.2-) (Continued)
) REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINIS
g NOTATION
-4
N .
MOTE 1:  Overtesperature AT < AT, [K,-K, MU15 (1-T)eky(P-#7)-1,(aD))
T
2
where: AT, = Indicated AT at RATED THERMAL POWER
_‘f,J ; T = Average temperature, °F
icoled 1° = ml“' at RATED THERMAL POWER < 577.9°F
P = Pressurizer pressure, psig
iy P° = 2235 psig (indicated RCS nominal operating pressure)
~J
IO!'S

3= The function generated by the lead-lag coitroller for 'av

Y2

& I = Time constants utilized in the lead-lag controller for T
Ty = 4 secs.

S = Laplace transform operator, sec L.

9 dynamic compensation

avg n

= 30 secs,



TABLE 2.2-1 (Continued)

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

NOTATION (Continued)

Operation with 4 Loops

Ky = 4364 <|).22
M3+ €1 o. 02037
3 88613 C| 0,00/ 02 O

¢ LINN - W3TVS

=
il

a3
1l

and f, (Al) is a function of the indicated difference between top and bottom detectors
of th; power-range nuclear ion chambers; with gains to be selected based on measured

instrument response during plant startup tests sucﬁgzgqfiz::]
—+13
(i) for g, - between -23 percent and percent, f, (Al) =0
(wher& q gnd q, are percent RATED THERMAL POWER iA the top and bottom

halves oF the cBre respectively, and q, * q, is total THERMAL POWER in
percent of RATED THERMAL POWER).

(ii)  for each percent that the magnitude of (q, - q,) exceeds -23 percent,
the AT trip setpoint shall be automatical}y reduced by 1.26 percent of

its value at RATED THERMAL POWER.
) . Q‘+I3,
(iii) for each percent that the magnitude of (q, - q,) exceeds percent,
the AT trip setpoint shall be automaticalfy reduced by #—34 percent of
its value at RATED THERMAL POWER.
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JABLE 2.2-1 (Centinued
REACTOR TRIP SYSTEM INSTRMMENTATION TRIP SETPOINTS

NOTATION (Cont inued)

Wote 2:  Ovarpewer AT < AT (K -K, ['3’] - Kg (1-1°)-1,(a1)}

where: fl.

T

0[,
- Indicated AT at RATED TMENAL POMER
=  Aversge temperature, °F

Toolica 7‘?0/

<

0 ol

- w at RATED THERMAL POMER < 577.9°F
- -<—.

®  0.02/°F ter incressing averege temperature and O for decreasing
aversge tesperature

mﬂmr»r;u‘-omtgl'

5
W:—! = The function gensrated by the rate lag cestreller for l mlc
| csapensatien
T = Time constant utilfzed in the rate lag centrelier for l
ty = 10 secs. e
S =  (Laplace transform eperater, Sec ).

-

t(AI) a @ for all a1
3:  The channel's mauimum trip poiat shal) net exceed its cmu‘ trip peint by mere than

@’_Z,/’ (=t pascent.

Bote 4 The chassel’s wanioum trip poin? akall wot encesd ite computed trip pofat by move tham
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2.1 SAFETY LIMITS

£

ES

2.1.1 REACTOR CORE

The restrictions of this safety limit prevent overheating of the fuel and
possible cladding perforation which would result in the release of fisgion
products to the reactor coolant. Overheating of the fuel cladding is pravented
by restricting fuel operation to within the nucleate boiling regime where the
heat transfer coefficient is large and the cladding surface tamperature is
slightly above the coolant saturation tamperaturs.

Operation above the upper boundary of the nucleate boiling regime could
resuit in excessive cladding temperatures because of the onset of departure
from nucleate boiling (DNB) and the resultant sharp reduction in heat transfer
coafficient. DNB is not a directly measurable parameter during operation and

therefore THERMAL POWER and Reactor Cooclant Temperature and Pressure have been
related to DNB through[theW-—R-Grid—ecorretetionfor stendard (OPARfue]

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, defined as the ratio of the heat flux that would cause

DNB at a particular core location to the local heat flux, is indicative of the
margin to DNB.

t a 95 percegt

probability thNat the minimum QNBR of the limit{ng rod during dition I and

I events is g
ing used (the

t probability will not
DNER is at the
1.30 for the\W-3 R-Grid).

s
The curves of Figurel 2.1-1 Emd—2-1-3] showt the loci of points of THERMAL
POWER, Reactor Coolant System pressurs and average temperature for which the
minimum DNBR is no less than the design DNBER value, or the average enthalpy at
the vessel exit is equal to the enthalpy of saturated liquid. F;:TP

The curves are based on an enthalpy hot channel factor, m;nd a
reference cosine vith a peak 1.55 for axial power shape. is

included for an increass in AH at reduced power based on the expression:

————

TNseeT
b

AH

HerE

?osl+7cns
com

These limiting heat flux conditions are higher than those calculated for
the range of all control rod¥ ULLY WITHORAWN to the msximum allowable control
rod insertion assuming the axial power imbalance is vithin the limits of the
fl (delta I) function of the Overtamperaturs trip. When tha axial pover

Amendment No. 72
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INSERT C

The DNB design basis is as follows: uncertainties in the WRB-1
and WRB-2 correlations, plant operating parameters, nuclear and
thermal parameters, fuel fabrication parameters, and computer
codes are considered stastically such that there is at least a

95 percent probability with 95 percent confidence level that DNBR
will not occur on the most limiting fuel rod during Condition I
and II events. This establishes a design DNBR value which must
be met in plant safety analyses using values of input parameters
without uncertainties.

INSERT D
FNy = FRTP, [1.0 + PF,y; (1.0 - P)]

Where: FR™,, is the limit at RATED THERMAL POWER (RTP) specified
in the COre Operating Limits Report (COLR).

PF,, is the Power Factor Multiplier for FY,; specified in
the COLR, and P is THERMAL POWER
RATED THERMAL POWER




LIMITING SAFETY SYSTEM SETTINGS

BASES

Operation with a reactor coolant loop out of service below the 4 loop P-8
setpoint does not require reactor protection system setpoint modification
because the P-8 setpoint and associated trip will prevent ONB during 3 loop
operation exclusive of the Qvertemperature delta T setpoint. Three loop
operation above the 3 Toop P-8 setpointd 55 i

Gperation above p PE 52 rniocd ] g
P8 setpeint—to—ite—3toopvatue—in-thismode-ofoperation; the-P-8—inte:

Overpower Delta T

The Overpower delta T reactor trip provides assurance of fuel integrity,
e.g., no melting, under all possible -overpower conditions, limits the required
range for Overtemperature delta T protection, and provides a backup to the
High Neutron Flux trip. The setpoint includes corrections for changes in
density and heat capacity of water with temperature, and dynamic compensation
for piping delays from the core to the loop temperature detectors. No credit
was taken for operation of this trip in the accident analyses; however, its
functional capability at the specified trip satting is required by this
specification to enhance the overall reliability of the Reactor Protection
Systea. ‘

Pressurizer Pressurs

The Pressurizer High and Low Pressure trips are provided to limit the
pressure range in which reactor operation is permitted. The High Pressure
trip is backed up by the pressurizer code safety vaives for RCS overpressure
protaction, and is therafore set lower than the set pressure for these valves
(2485 psig). The Low Pressure trip provides protection by tripping the reactor
in the eavent of a loss of reactor coolant pressure.

Pressurizer Water Level

The Pressurizer High Water Level trip ensures protection against Reactor
Coclant System overpressurization by limiting the water level to a volume
sufficient to retain a steam bubble and prevent water relief through the
pressurizer safety valves. No credit was taken for operation of this trip in
the accident analyses; however, its functional capability at the specified
trip setting is required by this specification to enhance the overail
. reliability of the Reactor Protection System.

SALEM - UNIT 2 8 2-5




LIMITING SAFETY SYSTEM SETTINGS

BASES

Loss of Flow

The Loss of Flow trips provide core protection to prevent DNB in the
event of a loss of one or more reactor coolant pumps.

Above 1l percent of RATED THERMAL POWER, an automatic reactor trip will
occur if the flow in any two loops drop below 90% of nominal full loop
flow. Above 36% (P-8) of RATED THERMAL POWER, automatic reactor trip will
occur if the flow in any single loop drops below 90% of nominal full lcop
flow. This latter trip will prevent the minimum value of the DNBR from
going below the design DNBR value during normal operational transientﬂfﬁif___i

Steam Generator Water Level

The Steam Generator Water Level Low-Low trip provides core protection by
preventing cperation with the steam generator water level below the minimum
volume required for adequate heat removal capacity. The specified setpoint
provides allowance that there will -be sufficient water inventory in the steam

‘generators at the time of trip to allow for starting delays of the auxiliary

feedwater system.

SALEM - UNIT 2 B 2-6
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Sl REACTIVITY CONTROL SYSTEMS
3/4.3_ 1 BORATION CONTROL

SHUTDOWN MARGIN - T > 200°F
avg

LIMITING CONDITION FOR OPERATION

5.1.1.1 The SHUTDOWN MARGIN shall be greater than or equal to Edel:a k/k.

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

ACTION: L5/
With the SHUTDOWN MARGIN less than delta k/k, immediately initiate and

continue boration at 2 33 gpm of a solution containing 2 6,560 ppm boron or
equivalent until the required SHUTDOWN MARGIN is restored.

SURVEILLANCE REQUIREMENTS

within 1 hour after aetection of an incoperable coatrol rod(s) and at
least once per 12 hours thereafter while the rod(s) is inoperable.
If the incperable control rod is immovable or untrippable, the above
required SHUTDOWN MARGIN shall be increasad by an amount at least
equal to the withdrawn wor:h of the immovable or untrippable control
rod(s) .

When in MODE 1 or MODE 2 with K greater than or aqual to 1.0, at
least once per 12 hours by verifying that coucrol bank withdrawal 1is
within the limi%Specitica:ion 3.1.3.5.

When in MODEK 2 with K less than 1.0, within 4 hours prior to
achieving reactor crxgxcalx:y by verifying that the predicted
critical control rod position is within the limits of”

~___p Specification 3.1.3.5.

*See Special Test Exception 3.10.1

SALEM -
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. REACTIVITY CONTROL SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued);

d. Prior to initial operation above 5% RATED THERMAL PQWER after each jin The
fuel loading, by consideration of the factors of e below, wi Lo R pes
control banks at the maximum insertion 1imit of YSpecification 3.1.3.5.

e. When in MdDES 3 or 4, at least once per 24 hours by consideration of
the following factors:

1. Reactor coolant system boron concentration,

Control rod position,

Reactor coolant system average temperature,

Fuel burnup based on gross thermal energy generation,

Xenon concentration, and

a Ww W N

Samarium concentration.

. 4.1.1.1.2 The overall core reactivity balance shall be compared to predicted
values to demonstrate agreement within t 1X delta k/k at least once per 31
Effective Full Power Days (EFPD). This comparison shall consider at least
those factors stated in Specification 4.1.1.1.1.e, above. The predicted
reactivity values shall be adjusted (normalized) to correspond to the actual
core conditions prior to exceeding a fuel burnup of 60 Effective Full Power
Days after each fuel locading.

SALEM - UNIT 2 /4 1-2



REACTIVITY CONTROL SYSTEMS INSFer
£
HERE

LIMITING CONDITION FOR OPERATION

3.1.1.3 The modgrator temperatura coefficlent (NTC) shall be:

Victh the MTC more positive than :l'u!lllit
operations in MODES 1 and 2 may proceed provided:

1. Control rod vithdraval limits are estadlished and maintained
sufficient to restore the MIC to less positive than

vithin 24 hours or be in HOT STANDBY vithin the
pext 6 hours. These vithdraval limits shall be in addition to

the insertion limits of Specification 3.1.3.“@ m

, corR |
2. The control rods are maintained vithin the wvithdraval u.i@/
established sbove until a subsequent calculation verifies tha
the NTC has been restored to wvithin its limit for the all rods
wvithdravn condition.

s Ped-‘\e n

the COLR

3. 1In lieu of any other report required by Specification 6.9.1, a
Special Report is prepared and submitted to tha Commission
pursuant to Specification 6.9.2 vithin 10 days, describing the
value of the measured NIC, the interis comtrel rod withdraval
limits and the predicted average core burnup necessary for
restoring the positive MIC to vithin {ts limit for the all rods
vithdravn conditien.

HOT SHUTDOWN wvithin 12 hours.

b. Vith the NTC more negative than :h.iu-u Pt —wbove be (n

*Uith Keff greatar than or squal to 1.0

#See Special Test Exception 3.10.3

SALEM - UNIT 2 3/6 1-4 Amendaent Ro. 94




INSERT E

within the limits specified in the CORE OPERATING LIMITS REPORT
(COLR). The maximum upper limit shall be less positive than or
equal to 0 Ak/k/°F.



SURVEILLANCE REQUIRDGNTS

4.1.1.3 The XTC shall be determined to be vithin {ts limits during each fuel
cycle as follevs:

The MTC shall be seasured band compared to the BOL 11-1:@
Hopectficsttor 13w —abovw}

prior to init{al operation above 5%
ch fusl loading.

%d at any THERMAL POVER and coampared to

(sll rods vithdrawvn, RATED THERMAL POVER l
condition) vithin 7 EFPD after reaching an equilibrium bdoron

oncentration of 300 ppa. event this comparison ind{cates the
MTC {s sore negative than the MTC shall be |
renessured, and compared to the EOL NIC liamit

at least once per lé EFPD during the resainder of the
fuel cycles.

of RATED THERMAL POVER, after ea

. SALEM - UNIT 2 3/6 1-5 Amendment Fo. 94




REACTIVITY CONTROL SYSTEMS

L N SEMBLIES

————

LIMITING CONOITION FOR OPERATION

3.1.3.1 A1l full length (shutdown and cntrol) rods, shall de OPERABLE and
positioned within & 12 steps (indicated position) of their group step
counter demand position within one rour after rod motion.

APPLICABILITY: MODES 1° and 2°

ACTION:

a. With one or more full length rods inoperable due @ Ddeing
immovadble as 2 result of excessive friction or mechanical
interference or known % be untrippable, determing that the
SHUTOOWN MARGIN requirement of Specification 3.1.l1.1 is satisfied
witnin 1 mur and be in HOT STANDBY within 6 mours.

B. wWith more than one full length rod inoperadle or mis-alignea from
the group step counter demand position by sore than + 12 staps
(indicated position), de in MUT STANDBY within 6 nours.

c. With one full length rod imoperadle cdue o causas other than
addressed dy ACTION a, above, or mis-aligned from i1ts group step
counter demand position by sore than * 12 steps (indicated
position), POWER OPERATION may continue provided that within one
hour etither:

1. The rod 1is restored to OPERABLE status within the adove
F Ao corp Ped alignmnt requiremants, or
in €
2.

The remainder of the rods in the bank with the fnoperadle
rod are aligned to within ¢ 12 steps of the tnoperadle rod

while mintaining the rod sequencs and insertion limits of
w the THERMAL POMWER level shall dDe
restr pursuant to Specification 3.1.3.5 during
gubsequent operation, or

3. The rod s daclared inoperadle and the SHUTDUMN MARGIN
requiresmnt of Specification 3.1.l1.1 1s satisfied. POWER
OPERATIUN may then continua provided that:

"*See Special Test Exceptions 3.10.2 and 3.10.3.

SALEM - UNIT 2 /8 1-13 Amendment No. 48
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POSITION INDICATION SYSTEM SHUTDOWN

LDCTING CONDITION FOR OPERATION

. 3=i£ The g:gé banks shall be limited in physical insertion as shown i:.

Spec.fied in the CORE OPERATING
APELICABILITY: MODES 1%, and 2% LIMITS REPORT (coLR).

ACTION:

'.Hir.h the control banks insarted beyond the sbove insertion limits, except for
surveillance taesting pursuant to Specificatios 4.1.3.1.2, either:

a. Rastors tha control banks to within the limits within two hours, or

b. lReduce THERMAL POWER within two hours to less than or equal to that
fraction of RATID THERMAL POWER which is allowed by the bank

position using the iabove—tirwras—er] ._L_ insertion [im s
¢. DBe in at lsast BOT STANDBY within 6 hours. Specified in the
CoLR, or

SURVEILLANCE REQUIRRMINTS

4.1.3.5 The position of each control bank shall be datermined to be vithin

the insertion limits at least once per 12 hours by use of the group demand
counters and verified by the anslog rod positiom indicators®® axcept during |
tims intervals vhen the Rod Insertion Limit Monmitor is inoparadle, them verify
the individual rod positions at least onca per 4 hours?e, !

*See St .-ial Test Ixceptions 3¢10.2 and 3.10.3

**For po-ear levels belov 50X one hour thermal "soak time" is permitted.
During this soak tims, the absoluta valus of rod moticn is limited to six
steps.

#iith Kaff greatsr than or equal to 1.0

SALEM - UNIT 2 3/4 1-20 . Amandmant No. 80
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3/4.2 POWER DISTRIBUTION LIMITS
3/6.2.1 AXIAL FLUX DIFFERENCE (AFD) |

LIMITING CONOTTION FOR OPERATION (the)

3.2.1 The indicated AXIAL FLUX DIFFERENCE shall be maintained within[s—é—vat]
target dand FFex—griferencrynitsl about the target flux gifferences~

ABSLICARTLITY: NODE 1 ABOVE 5CX RATED THERMAL POWER®. as spechied in He CORE
OPERATING LIMITS REPORT
ACTION: (COLR)

8. With the ingicated AXIAL FLUX DIFFERENCE outside of m@ target
band about the target flux mffonnco and with THERMAL l

Above 90X of RATED THEMMAL POWER, within 15 ainutes:

a) Either restore the indicated AFD to within the target dand
limitg, or

p) :ss::: THERMAL POWER to less than 50X of RATED THERMAL

2. Between 50X and 90X of RATED THERMAL POWER:
3) POWER OPERATION may continue provided:

1) The tndicates AFD has not bDeen outside of tME
, et band for sore than 1 hour penalty deviation
CuBuia during the previous 24 hours, ang

ingicatad AFD 1s within the limits Fhewnen
. Otherwise, recduce THERMAL POMER 10
ess than 50X of RATED TMERMAL POWER within 30 minutes
and reduce the Power Range Neutron Flux=Migh Trip

Setpoints %0 less than or equal to 532 of RATED
THERMAL POWER within the next & hours.

B) Surveillance tasting of the Power Range Neusron Flux
Channels agy be performed pursuant o Specification
6.3.1 1,1 provided ﬁiuud AFD 13 saintained within
ai @ . A total of 16 hours eperation
23y be accueulated with the AFD sutside of the target dars
during this testing without penalty deviatien.

TSee dpecial iest Exception 3.10.2

SALEM - UNIT 2 3/4 2= Amendment No. §




POWER OISTRIBUTION LIMIT$

LIMITING CONDITION POR QPSRATION (Cant!nued)

THERMAL POWER snall net be increased adove 3G of TATED THERMAL
POWER unless the indicatad AFD 1s within theSE 8% target bdand
ACTION 2.a) 1), tbove has Deen satisfied.

THERMAL POWER shall net De Incressed adove 50X of RATED ™™ {

POWER unless the indicated ASD has net dDeer sutsids of the

. Bangy for sore than 1 hour penalty devistien cumulative suring
the previous 24 hours. Power InCreases &dove SCX of AATED THERMAL
POWER G0 not reguire Deing within the target Band provided the
scsumulative panalty deviatien {s not vislated.

SURVEILLANCE REQUIREMENTS

4211

The ingicated AXIAL FLUX OIFFEREMCE shall de detamained %5 de wishin

its limits during POWER OPERATION adove 15X of RATED THERMAL POWER By:

Monitaring the indicated AFD for each OPERABLE excore channel:

1. At Teast once per 7 days when the AFD Menitor Alaram is OPERASLE,
ang

2. At least oncs per hoyr for the first 24 hoyrs aftar resisring
the AFD Menitar Alarm to OPERASLE status.

Menitaring and logging the indicated AXIAL FLUX OIFFERENCE for each
OPEAASLE excore channel st 1east onca par heur for the first 24 nours
and at least ence par 30 sinutes thereaftar, when ohe AXIAL FLUX
DIFFERENCE Monitar Alara is ‘nspersdle. The legged values of the
indicatad AXIAL FLUX OIFFERENCE ¢hal) De assumed %0 exist during the
intarval precading each legging.

4.2.1.2 The indicatad AFD shall be cansidered sutside of 1% Ce6—39¥ target band
when at least 2 or sore OPERASLE excore channels are indicating tne AFD o de
outside the target Band. Penalty daviaticn esutsiee of the target dand
shall De aczamulated on & tiem Basis eof:

One ainute penalty deviatien fer aach one minuts of POWER CPSRATION
cutside of ihe target band st THEIMAL POWER levels equal W0 or adove
SCX of RATED TMEMMAL POWER, and

3. Onehalf sinute penalty deviation for sach ene ainute of POWER
OPERATION outsice of e target band at THERMAL POWER levels Delow
SCX of RATED THERMAL POWER.
SALEM - UNIT 2 Ve 222 Amendment No. §
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POVER OISTRIBUTION LINITS ' Twseer £,
3/4.2.2 HEAT FLUX HOT CHANNEL FACTOR - Fq‘n /L/EQE / '

LIMITING CONOITION FOR OPERATION

ationships:

APPLICABILITY: MOOE 1.
ACTION:
with FQ(Z) u:ud‘lpg fts limit:

3. Reducs THERMAL POWER at least 1X for each 1% FQ(Z) exceeds the liait
within 1S sinutas and simiiarly reduce the Power Range Neutron
Flux=High Trip Setpoints within the next 4 hours; POWER OPERATION
say procaed for up to a total of 72 hours; subsequent POWER OPERATION
say procsed provided the Overpower delta T Trip Setpoints have deen
recducad at least 1% for each 1% FQ(I)‘uum the limit. The
Overpower delta T Trip Setpoint reduction shall be perforsed with
the reactor in at least HOT STANDSY.

b. ldeatify and correct the cause of the out of limit condition prior
ts increasing THERMAL POWER above the reducsd 1imit required by a.
above; THERMAL POWER say then be increased provided FQ(Z) is
desonstrated through incore sapping to be within fts limit.

SALEM - UNIT 2 3/4 25
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F§™ * K(z) for P > 0.5, and
P

F,(z) < EY® * K(z) for P < 0.5,
0.5

Where Ff™ = the F, limit at RATED THERMAL POWER (RTP) specified in
the CORE OPERATING LIMITS REPORT (COLR),

P = THERMAL POWER and
RATED THERMAL POWER '/

K(z) = the normalized F,(z) as a function of core height as
specified in the COLR.




EOWER _DRISIRIRUTION LIMIZS
SURVEILLANCE REQUIRERMENTS

SRR ERSE RN

4.2.2.1 The provisions of Specification 4.0.4 are not applicable.

4.2.2.2 P.y shall be evaluated to determine if rg(:) is within its limit by:

a. Using the mocvable incore detectors to obtain a power
distribution map at any TEENMAL POVWER grsatar than S¢ of RATED
TEENOL POWER.

b. Increasing the msasured P__ component ©f the power distridution
map by 3\ to acceunt for alnufacturing tolerances and further
increasing the valus Dby 5% to sccount for messurement uncertalnties.
€. Comparing the rq computed (r:,) obtained in b, above zo:

1. The r_ limite for PATED THEMXAL POVER (r:') tor
the appropriate msasured core planes given in ¢. and £.,

below, and
P iS'M Y14
2. The rouuenlhiyl ’% H"P
or Mmultiplier
for ny in"’ac
':r' 1’:; (1 +Je=gd1-m) COLR,

where f;y is the limit for fractional THERMAL) POWER
oparation expressed as & function of rz? and P is
the !rm&e_a of RATED THERMAL POWER at which ?“ was
asasured.

d. Ramsasuring rq according t> the felliowing schedule:

1. When r:, is gredtsr than the r:’ limit for tha appropriate
msasured cere piane but less than the lt, gelaticnship,
additional power distribution sape shall be taken and ’:Y

to POF and r*
coapared v ny

a) Cither within 24 hours after exceeding by 208 of RATED

THEERNAL PONIR cor greater, the THERMAL POWER at which
r:’vu last determined, or

SALEM - UNIT 2 3/4 2=¢ Amendment No. 112
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POMER DISTRIBUTION LIMIT§

SURVEILLARGE REQUIREMENTS (Continued)

e

b) At least once per J1 EFPFD, whichever occurs first.

a. When the ':y {s less than or equal %o the rg’lme for the

appropriate measured core plane, additional power distribution
(<
maps shall be taken and rq compared to r::’m ’:y at least

once per 31 EFFD.

T™he 7, lisit for RATED THERKAL POVER (r?) ehall be provided for
all core planes containing bank “"D°® control rods and all unrodded

core planes inje—Rediei—Pesking Pector—timit—Report] per

specification 6.9.1.9.

The Pq limits of o., above, are not applicabdle in the following
cere plane regions as msasured in parcent of core height from the
bottom of the fuel:

1. Lower core region from OV to 18%, inclusive.

2. Upper cere region frum 83V to 1003, inclusive.

3. Grid plane regions at 17.6% 2 2%, 32.1% 2 2%, 46.4% 2 2%,
€0.6% £ 20 and 74.9% 2 2%, inclusive. )

4. Core plane regions within ¢t 2% of core haight (: 2.88 inches)
about the bank demand position of the bank "D® control rods.

Evaluating the effects of 7 om rcm to detarmine if rq(:) is

vithin its limit vhenever 7_ exceeds r:,

4.2.2.) When P_(3) is msasured pursuant to specification 4.10.2.2, an overall

measured ?P_(3) shall be cbtained from s power distridution map and increased

by 3% to account for sanufacturing tolerances and further increased by S\ to

account for measursaent uncertalinty.
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PCWER TISTRIBUTION LIMITS

s
374

.2.3 NUCLEAR ENTHALPY HOT CHANNEL FACTOR Fz

H

“MITING CONDITION FOR OPERATION

2.3 FTH shall be limited by the following relationship:

.3(LO)]\\\ :ILSEQT
THERMAL POWER \43- [>

APPLICABILITY: MODE 1

ACTION:

With FiH exceeding its limit:

o

Reduce THERMAL POWER to less than 50% of RATED THERMAL POWER within 2
hours and reduce the Power Range Neutron Flux-High Trip Setpoints to <
557% of RATED THERMAL POWER within the next 4 hours.

Demonstrate thru in-core mapping that F?H is within its limit within 24
hours after exceeding the limit or redufe THERMAL POWER to less than 57

of RATED THERMAL POWER within the next 2 hours, and

Identify and correct the cause of the out of limit condition prior to
increasing THERMAL POWER above the reduced limit required by a. or b.
above; subsequent POWER OPERATION may proceed provided that Fg is

demonstrated through in-core mapping to be within its limit aeHa nomina.

50% of RATED THERMAL POWER prior to exceeding this THERMAL POWER, at a

nominal 75X of RATED THERMAL POWER prior to exceeding this THERMAL POWE:

and within 24 hours after attaining 952 or greater RATED THERMAL POWER.
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Where:

FAH = FQH [l.O +* pFA"(l-O - p)]

e d hejan

TP

F:ris the limit at RATED THERMAL POWER (RTP) specified
in the CORE OPERATING LIMITS REPORT (COLR) .

N . ) i n
PF,, is the Power Factor Multiplier for Fu specified in

THERMAL POWER
RATED THERMAL POWER

the COLR, and P is
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IABLE 3.2-1

DNB PARAMETERS

PARAMETER

Reactor Coolant Sy§tem T}vg ‘

Pressurizer Pressure

Reactor Coolant System Total Flow Rate

LIMITS

4 Loops in
Operation

s 3322;:Eﬂ?22-q OF: ;
- —

2200 (= mo-psia*

z ¥53—79€ gpm

“ |

)
24 ,)COO

* Limit not applicable during ‘either a THERMAL POWER ramp in excess of
S%¥ RATED THERMAL POWER per minute or a THERMAL POWER step in excess of

10% RATED THERMAL POWER.

# Includes a-afaﬁ;flow uncertainty plus a 0.1% measurement uncertainty

due to feedwatery venturi fouling.

\z.ti"/q
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3/4.1 REACTIVITY CONTROL SYSTEMS

BASES

3/4.1.1 BORATION CONTROL
3/4.1.1.1 and 3/4.1.1.2 SHUTDOWN MARGIN

A sufficient SHUTDOWN MARGIN ensures that 1) the reactor can be made
subcritical from all operating conditions, 2) the reactivity transients asso-
ciated with postulated accident conditions are controllable within acceptable
limits, and 3) the reactor will be maintained sufficiently subcritical to
preclude inadvertent criticality in the shutdown condition.

SHUTDOWN MARGIN requirements vary throughout core life as a function of
fuel depletion, RCS boron concentration, and RCS T, _. The most restrictive
condition occurs at EOL, with T at no load oper3¥Qng temperature, and is

associated with a postulated st84 line break accident and resulting uncon-
3<}é trolled ch cooldown. In the analysis of this accident, a minimum SHUTDOWN
MARGIN of “+=~6% Ak/k is initially required to control the reactivity transient.
Accordingly, the SHUTDOWN MARGIN requirement is based upon this limiting
condition and is consistent with FSAR safety analysis assumptions. With T
less than or equal to 200°F, the reactivity transients resulting from a

postulated steam line break cooldown are minimal and a 1% Ak/k shutdown margin
provides adequate protection.

| 3/4.1.1.3 MODERATOR TEMPERATURE COEFFICIENT (MTC)

avg

1 The limitations on MTC are provided to ensure that the value of this
coefficient remains within the limiting condition assumed in the accident and
transient analyses.
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The MTC values of this specification are applicable to a specific set of
plant conditions; accordingly, verification of MTC values at conditions other

than those explicitly stated wi{ll require extrapolation to those conditions in
order to permit an accurate comparison.

The most negative MTC value equivalent to the most positive moderator
density coefficient (MDC), was obtained by incrementally correcting the MDC
used in the FSAR analysis to nominal operating conditions. These corrections
{nvolved: (1) a conversion of the MDC used {n the FSAR analysis to {its
equivalent MTC, based on the rate of change of moderator density with
temperature at RATED THERMAL POWER conditions, and (2) subtracting from this
value the largest differences in MTC observed between EOL, all rods withdrawn,
£00 OF RATED THERMAL POWER conditions, and those most adverse conditions of moderator

T ~ temperature and pressure, rod insertion, axial power skewing, and xenon
L/VCJZF‘GZOL) concentration that can occur in normal operation and lead to a significantly
y_‘ch ( more negative EOL MTC at RATED THERMAL POWER. These corrections transformed

 the MDC vg}ue used in the FSAR analysis into the IInT?&ng’HTC value o~

—4*4—a—40-——éol:a—k{k#l34——Iho—NIC;ualuo—o£——JTl—n—LO———de4£t—kfkfi¥L

____%> :epzasen:s_a_consaxuazing_xaluA_4ui;h_co::ac;&ons—£o;—bu¥aup—ead—se4ab%e-
“Poromi—at—i—coreconditionof 300 ppa—equilibriun-boron concentration—-and—ie—

——obEo*aod—§2—Iak4ag—sh0s0—cozxnc&ioas_:a_zhn_linizing_HIC_ualuc—_
——lrl -1 0—delte- R AL T ——

‘ The surveillance requirements for measurement of the MIC at the beginning
and near the end of the fuel cycle are adequate to confirm that the MTC

remains with its limits since this coefficient changes slowly due principally
to the reduction in RCS boron concentration associated with fuel burnup.

3/6.1.1,4 MINIMUM TEMPERATURE FOR CRITICALITY

This specification ensures that the reactor will not be made critical
with the Reactor Coolant System average temperature less than S41°F. This
limitation is required to ensure 1) the moderator temperature coefficient is
within its analyzed temperature range, 2) the protective instrumentation is
within its normal operating range, 3) the P-12 interlock is above its
setpoint, 4) the pressurizer is capable of being in an OPERABLE status with a

steam bubble, and 5) the reactor pressure vessel i{s above its minimum RTNDT
temperature.

The 300 ppm surveillance limit MTC value represents a
conservative value at a core condition of 300 ppm equilibrium
boron concentration that is obtained by correcting the limiting
EQL MTC for burnup and boron concentration.
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3/4,1.2 BORATION SYSTEMS

The boron injaction system ensures that negative reactivity control is
available during each mode of facility operation. The components required to
perform this function include: 1) borated water sources, 2) charging pumps,
3) separate flow paths, 4) boric acid transfer pumps, and 5) an emergency
power supply from OPERABLE diesel generators.

With the RCS average temperature 2 350°F, a minimum of two boron injection
flow paths are required to ensure single functional capability in the event an
assumed failure renders one of the flow paths inoperable. The boration
capability of either flow path is sufficient to provide a SHUTDOWN MARGIN from

expected-oparating conditions of %+é4 delta k/k after xenon decay and cocoldown
to 200°F. The maximum expected boration capability (minimum h~ration volume)
requirement is established to conservatively bound expected operating
conditions throughout core operating life. The analysis assumes that the most
reactive control rod is not inserted into the core. The maximum expectad
boration capability requirement occurs at EOL from full power equilibrium
xenon conditions and requires borated water from a boric acid tank in
accordance with TS Figure 3.1-2, and additional makeup from either: (1) the
second boric acid tank and/or batching, or (2) a maximum of 41,800 gallons of
2,300 ppm borated water from the refueling water storage tank. With the
refueling water storage tank as the only borated water source, a maximum of
73,800 gallons of 2,300 ppm borated watar is required. However, to be
consistent with the ECCS requirements, the RWST is required to have a minimum
contained volume of 350,000 gallons during operations in MODES 1, 2, 3 and 4.

The boric acid tanks, pumps, valves, and piping contain a boric acid solution
concentration of between 3.75% and 4% by weight. To ensure that the boric
acid remains in solution, the tank fluid temperature and the process pipe wall
temperatures are monitored to ensure a temperature of 63°F. or above is
maintained. The tank fluid and pipe wall temperatures are monitorsd in the
main control room. A S°F margin is provided to ensure the boron will not

precipitate out.

Should ambient temperature decrease below 63°F, the boric acid tank heaters,
in conjunction with boric acid pump recirculation, are capable of maintaining
the boric acid in the tank and in the pump at or about 63°F. A small amount
of boric acid in the flowpath between the boric acid recirculation line and
the suction line to the charging pump will precipitate out, but it will not
cause flow blockage even with temperatures below S5S0°F.

With the RCS temperature below 350°F, one injection system is acceptable
without single failure consideration on the basis of the stable reactivicy
condition of the reactor and the additional restrictions prohibiting CORE
OPERATIONS and positive reactivity change in the event the single injection

eysteam becomes inoperable.

SALEM - UNIT 2 B 3/4 1-3 Amendment No. 151




Meerine- The DRD
3/4.2 POWER DISTRIBUTION LIMITS Desicn Crimerin 1

BASES

The specifications of this section provide assurances of fuel fntegrity
during Condition I (Normal Operation) and II (Incidents of Moderats Frequency)
events by: (a)

4038 during normal cperation and {n short tarm transients, and (b) 1imiting
the fission gas releass, fuel pellet temperature and cladding msechanical
properties to within assumed design critarfa. In addition, limiting the peak
1inear power density during Condition I events provides assuranca that the
{nit{ial conditions assumed for the LOCA analysas are met and the ECCS acceptancs
critaria 1imit of 2200°F {s not excseded.

The dafinitions of hot channel factors as used in thesa specifications
are as follows:

FQ(Z) Heat Flux Hot Channel Factor, is defined as the maxioum local heat
flux on the surface of a fuel red at core elevation Z divided by the
average fual rod heat flux, allowing for manufacturing tolerances on
fuel pellets and rods. :

FﬁH Nuclear Enthalpy Risa Hot Channel Factor, {s defined as the ratic of
the integral of linear power along the rod with the highest integrated
power to the average rod power.

F_ () Radtal Peaking Factor, is defined as the ratio of peak power density

Xy to average power density in the horizontal plane at cors elevation Z.

3/4.2.1  AXIAL FLUX QIFFERENCE (AFD)

. l1imits on AXIAL FLUX DIFFERENCE assure that the FQ(Z) upper bound
Si7cig_\%‘|&d- 10 envelope times the normalized axial peaking factar‘{s not exceseded

nT

during either norsal operaticn or in the event of xanon redistribution following
powar changes. .

Target flux differencs is detareined at equilibrium xanon conditions with

‘ ~for ] . 11 length rods
L 1 TS (C‘GPO the part leAgth control rods withdrawn froa the core. The full lengt

may be positiomed within the core in accordancs with their respective inseriion
limits and should be insarted near their normal position for steady stata
operation at high power lavels. The value of the target flux difference
obtained under these conditions divided by the fraction of RATED THERMAL POWER
{s tha target flux diffarence at RATED THERMAL POWER for the associated core
burnup conditions. Target flux differences for other THERMAL POWER levels are
obtained by sultiplying the RATED THERMAL POWER value by the appropriate
fractional THERMAL POWER level. The periodic updating of the target flux
differencs value is necsssary to reflect core burnup considerations.
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POWER DISTRIBUTION LIMITS per §pgu‘huﬁrm~

3.2

BASES - -

Although it is intended that the plant wi&}}bo operated with the AXIAL
FLUX DIFFERENCE within the —-&r——54- target band”about the target flux
difference, during rapid plant THERMAL POWER reductions, control rod motion
will cause the AFD to deviate ocutside of the target band at reduced THERMAL
POWER levels. This deviation will not affect the xenon redistribution
sufficiently to change the envelope of peaking factors which may be reached on
a subsequent return to RATED THERMAL POWER (with the AFp within the target
band) provided the time duration of the deviation is limited. Accordingly, a 1l
hour penalty deviation limit cumulative during the previous 24 hours is
provided for operation outside of the target band but within the limits-wi-

while at THERMAL POWER levels between 50% and 508 of RATED

THERMAL POWER. For THERMAL POWER levels between 15% and SO6 of rated THERMAL
POWER, deviations of the AFD ocutside of the target band are less significant.
The penalty of 2 hours actual time reflects this reduced significances.

Provisions for monitoring the AFD are derived from the plant nuclear
instrumentation system through the AFD Monitor Alarm. A control rooam recorder
continuously displays the auctiocneered high flux difference and the target
band limits as a function of power level. An alarm is received any time the
auctioneered high flux difference exceeds the target band limits. Time cutside
the target band is graphically presented on the strip chart.

Pigure B 3/4 2-1 shows a typical monthly target band.
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POWEFR TISTREIBUTION LIMITS

BASES

3/4.2.2 and 3/4.2.3 HEAT FLUX AND NUCLEAR ENTHALPY ROT CHANNEL

N
AH

ANT PATTAI PEAKING FACTORS - FQ(Z) AND F

The limits on heat flux and nuclear enthalpy hot channel factors and RCS
flow rate ensure that 1) the design limits on peak local power density and
minimum DNBR are not exceeded and 2) in the event of a LOCA the peak fuel clad
temperature will not exceed the 2200°F ECCS acceptance criteria limit.

Each of these hot channel factors are measurable but will normally only
be determined periodically as specified in Specifications 4.2.2 and 4.2.3.
This periodic surveillance is sufficient to insure that the limits are
maintained provided:

a. Control rod in a single group move together with no individual rod
insertion differing by more than % 12 steps from the group demand
position.

b. Control rod groups are sequenced with overlapping groups as

described in Specification 3.1.3.5.

c. The control rod insertion limits of Specifications 3.1.3.4 and
3.1.3.5 are maintained.

d. The axial power distribution, expressed in terms of AXIAL FLUX
' DIFFERENCE, is maintained within the limits.

The relaxation in FN as a function of THERMAL POWER allows changes in

the radial power shape for all permissible rod insertion limits. will be
maintained within its limits provided conditions a thru d above, are
maintained.

When an F. measurement is taken, both experimental error and
manufacturing golerance must be allowed for. Five percent is the appropriate
_ allowance for a full core map taken with the incore detector flux mapping
system and 3% is the appropriate allowance for manufacturing tolerance.

When YN is measured, experimental error must be allowed for and 4% is
the appropr%gto allowance for a full core map taken with the incore detection
system. The specified limit for also contains an 82 allowapce for
uncertainties which mean that normﬁg operation will result in ;§H 5-4~§§/1.0§&

///,4> The 87 allowance is based on the following considerations: - RO
]

F .
RPT TED A
.(L)h&rc_ Fr A 1S'The_ 'Mﬂff ot RAT : ‘

T d
HERMA L POW‘EQ—(QI P) S‘PQ(,\Q\Q Tal B R)
+he. CORE OPERATING LIMiT ReETPLLT €ocR).
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OWER DIS BUTION M

4.2. U c N HQT C
N
RAD P N = F,(2Z) AND F,,(Continued)

a. abnormal perturbations in the radial power shape, such as from rod
misalignment, effect anmoro directly than rQ.
b. although rod movement has a direct influence upon limiting PQ to
within its limit, such control is not readily available to limit
and '

N
FAH'

c. errors in prediction for control power shape detected during startup

physics test can be compensated for in F_ by restricting axial flux

Q
distributions. This compensation for F:Hil less rapidly available.

The radial peaking factor ny(Z) is measured periodically to provide assurance

that the hot channel factor FQ(Z), remains within its limit. The ny limit
RP , . - .

for RATED THERMAL POWER (nyT), as provided in th

—~F@poxt per specification 6.9.1.9, was determined from expected power l

control maneuvers over the full range of burnup conditions in the core.

3/4.2.4 QUAD OWER

The quadrant power tilt ratio limit assures that the radial power distribution
satisfies the design values used in the power capability analysis. Radial
power distribution measurements are made during startup testing and
periodically during power operation.
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1/4.4  REACTOR COOLANT SYSTEM design criteric

BASES
3/4.4.1 REACTOR COOLANT LOOPS AND COOLANT/CIRCULATION

The plant is designed to operate withjall reactor @olant loops in
operation, ' uring all normal operations and
anticipated transients. In MODES 1 and 2 with less than all coolant loops in
operation, this specification requires that the plant be in at least HUT
STANOBY within 1 hour. .

In MOOE 3, a single reactor coolant loop provides sufficient heat removal
for remving decay heat; but, single failure considerations require all looaps
be in operation whenever the rod control System is energized and at least one.
loop be in operation when the rod control system is deenergized.

In MODE 4, a single reactor coolant loop or RHR loop provides sufficient
heat removal for removing decay heat; but, single failure considerations
require that at least 2 loops be OPERABLE. Thus, if the reactor coolant
Toops are mt OPERABLE, this specification requires that two RHR logps be
OPERABLE . :

In MODE S, single failure considerations require that two RHR loops bde
OPERABLE. The provisions of Sections 3.4.1.4 and 3.9.8.2 (paragraph (b) of
footnote (*)] which permit one service water header to be out of service, are
based an the following:

1. The period of time during which plant operations rely upon the
provisions of this footnote shall be limited =0 a cumulative 45 days for
any single outage, and

2. The Gas Turbine shall be operable, as a backup to the diesel

" ganerators, in the event of a loss of offsits power, t0 Supply the
applicadble loads. The oasis for OPERABILITY is one successful

startup of the Gas Turbine no more than 14 days prior to the beginning of
the Unit outage.

The operation of one Reactor Coolant Pump or one RHR Pump provides
adequate flow o ensure mixing, prevent stratification and produce gradual
reactivity changes during Boron concentration reductions in the Reactor
Loolant System. The reactivity change rate associated with Boron
concentration reductions will, therefore, de within the capability of
operator recognition and control.

The restrictions on starting a Reactor Coolant Pump betow P=7 with one or
more RCS cold legs less than or equal to 312°F are provided to prevent RCS .
pressure transients, caused by energy additions from the secondary system,
which could exceed the limits of Appendix G to 1UCFR Part SO. The RCS will
be protected against overpressure transients and will not exceed the limits
of Appendix G by either (1) restricting the water volume in the pressurizer
(thereby providing a volume into which the primary coolant can expand, or
(2) by restricting the starting of Reactor Coolant Pumps to those times when
secondary water temperature in each steam generator is less than S0°F above
each of the.RCS cold leg temperatures.
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‘ DESIGN FEATURES

DESIGN PRESSURE AND TEMPERATURE

5.2.2 The reactor containment building is designed and shall be maintained
for a maximum internal pressure of 47 psig and an air temperature of 271°F.

2.3 REACTOR CORE
FUEL ASSEMBLIES

5.3.1 The reactor shall contain at least 193 fuel assemblies. Each assembly
shall consist of a matrix of zirceloy or ZIRLO clad fuel rods with an initial
composition of natural or slightly enriched uranium dioxide as fuel material.
Limited substitutions of zirconium alloy or stainless steel filler rods for
fuel rods, in accordance with NRC-approved applications of fuel rod
configurations, may be used. Fuel assemblies shall be limited to those fuel
designs that have been analyzed with applicable NRC staff approved codes and
methods and shown by tests or analyses to comply with all fuel safety design
bases. A limited number of lead test assemblies that have not completed
representative testing may be placed in nonlimiting core regions.

CONTROL ROD ASSEMBLIES

5.3.2 The reactor core shall contain 53 full length and no part length
. control rod assemblies. The full length control rod assemblies shall contain a

nominal 142 inches of absorber material. The nominal values of absorber
material shall be 80 percent silver, 15 percent indium and 5 percent cadmium.
All control rods shall be clad with stainless steel tubing.

2.4 REACTOR COOLANT SYSTEM
DESICN FEATURE AND TEMPERATURE

5.4.1 The reactor coolant system is designed and shall be maintained:
a. In accordance with the code requirement specified in Section 4.1 of
the FSAR, with allowance for normal degradation pursuant to the
applicable Surveillance Requirements,

b. For a pressure of 2485 psig, and

c. For a temperature of 650°F, except for the pressurizer which
is 680°F.

VOLUME

5.4.2 The total water and steam volume of the reactor coolant system is
—32—8F}—-388- cubic feet at a nominal '1'avg of—583~8°F.

12)946 T U257
o
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AMMINISTRATIVE CONTROLS

d. Source of waste and processing employed (e.g., dewatered spent
resin, compacted dry waste, evaporator bottams),

e. Type of comtainer (e.g., LSA, Type A, Type B, Large Quantity), amd
f. Solidification agent or absorbent (e.qg., cement, urea formaldehyde).

The Radioactive Effluent Release Reports shall include a list of descriptions
of unplarned releases fram the site to UNRESTRICTED AREAS of radiocactive

materials in gaseous and liquid effluents made during the reporting period.

The Radioactive Effluent Release Reports shall include any changes made during
the reporting period to the PROCESS CONTROL PROGRAM (FCP) amd to the OFFSITE
DOSE CALCULATION MANUAL (ODXM), as well as a listing of new locations for dose
calculations and/or envirommental monitoring identified by the land use census
pursuant to Specification 3.12.2.

PEAKING FACTOR LIMIT REPOR]

1.9 'mel'-‘xy imits for Rated“\Thern

6.9.2 Special reports shall be submitted to the U.S. Nuclear Regulatary
Camission, Document Control Desk, Washington, D.C. 20555, with a copy to the
Administ_ratg: maaglmelﬂundutzmpancdspacifiedforeadx

report.

6.9.3 Viclations of the requirements of the fire protection program described
in the Updated Final Safety Analysis Report which would have adversely
affected the ability to achieve and maintain safe shutdown in the event of a
fire shall be sutmitted to the U. S. Nuclear Regulatory Camnission, Document
Conttrol Desk, Washington, DC 20555, with a copy to the Regional Administrator
of the Regional Office of the NRC via the Licensee Event Report System within
30 days.
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INSERT H

6.9.1.9 CORE OPERATING LIMITS REPORT (COLR)

a.

Core operating limits shall be established prior to each reload
cycle, or prior to any remaining portion of a reload cycle, and shall
be documented in the COLR for the following:

1. Moderator Temperature Coefficient Beginning of Life (BOL) and
End of Life (EOL) limits and 300 ppm surveillance limit for
Specification 3/4.1.1.3,

2. Control Bank Insertion Limits for Specification 3/4.1.3.5,

3. Axial Flux Difference Limits and target band for Specification
3/4.2.1,

4. Heat Flux Hot Channel Factor, F,, its variation with core

height, K(z), and Power Factor Multiplier PF,, Specification
3/4.2.2, and

5. Nuclear Enthalpy Hot Channel Factor, and Power Factor
Multiplier, PF,; for Specification 3/4.2.3.

The analytical methods used to determine the core operating limits
shall be those previously reviewed and approved by the NRC,
specifically those described in the following documents:

1. WCAP-9272-P-A, Westinghouse Reload Safety Evaluation
Methodology, July 1985 (W Proprietary), Methodology for
Specifications listed in 6.9.1.9.a. Approved by Safety
Evaluation dated May 28, 1985.

2. WCAP-8385, Power Distribution Control and Load Following
Procedures - Topical Report, September 1974 (W Proprietary)
Methodology for Specification 3/4.2.1 Axial Flux Difference.
Approved by Safety Evaluation dated January 31, 1978.

3. WCAP-10054-P-A, Rev. 1, Westinghouse Small Break ECCS
Evaluation Model Using NOTRUMP Code, August 1985 (W
Proprietary), Methodology for Specification 3/4.2.2 Heat Flux
Hot Channel Factor. Approved for Salem by NRC letter dated
August 25, 1993.

4. WCAP-10266-P-A, Rev. 2, The 1981 Version of Westinghouse
Evaluation Model Using BASH Code, Rev. 2. March 1987 (W
Proprietary) Methodology for Specification 3/4.2.2 Heat Flux
Hot Channel Factor. Approved by Safety Evaluation dated
November 13, 1986.

The core operating limits shall be determined such that all
applicable limits (e.g., fuel thermal mechanical limits, core thermal
hydraulic limits, Emergency Core Cooling Systems (ECCS) limits,
nuclear limits such as SDM, transient analysis limits, and accident
analysis limits) of the safety analysis are met.

The COLR, including any mid-cycle revisions or supplements, shall be
provided upon issuance for each reload cycle to the NRC.
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SAMPLE

SALEM GENERATING STATION UNIT 1 CYCLE 13

CORE OPERATING LIMITS REPORT



1.0 CORE OPERAT

COLR for SALEM UNIT 1 CYCLE 13

ING LIMITS REPORT

This Core Operating Limits Report (COLR) for Salem Unit 1 Cycle
13 has been prepared in accordance with the requirements of
Technical Specification 6.9.1.9.

The Technical Specifications affected by this report are listed

below:

3/4.
3/4.
3/4.
3/4.
3/4.

™S

NN =
W~ W

s:\admingrp\fuels\colr.doc

Moderator Temperature Coefficient
Control Rod Insertion Limits

Axial Flux Difference

Heat Flux Hot Channel Factor
Nuclear Enthalpy Hot Channel Factor



2.

0

COLR for SALEM UNIT 1 CYCLE 13

OPERATING LIMITS

The cycle-specific parameter limits for the specifications listed
in Section 1.0 are presented in the following subsections. These
limits have been developed using the NRC-approved methodologies
specified in Technical Specification 6.9.1.9.

2.

2

1

.2

Moderator Temperature Coefficient (Specification 3/4.1.1.4)

The Moderator Temperature Coefficient (MTC) limits

The BOL/ARQO/HZP-MTC shall be less positive than

The EOL/ARQO/HZP-MTC shall be less negative than

The 300 ppm/ARO/RTP-MTC should be less negative than

BOL stands for Beginning of Cycle Life
HZP stands for Hot Zero THERMAL POWER

EOL stands for End of Cycle Life
RTP stands for RATED THERMAL POWER

Rod Insertion Limits (Specification 3/4.1.3.5)

2.1.1
are:
0 AkK/K°F.
-4.7 x 107" Ak/k°F.
2.1.2 The MTC Surveillance limit is:
or equal to:
-4.0 x 107" Ak/k°F.
where:
ARO stands for All Rods Out
Control
2.1.1

The control rod banks shall be limited in physical
insertion as shown in Figure 1.

s:\admingrp\fuels\colr.doc




COLR for SALEM UNIT 1 CYCLE 13

2.3 Axial Flux Difference (Specification 3/4.2.1)
{CAQC methodology)

2.3.1 The AXTAL FLUX DIFFERENCE (AFD) target band is +6%,

-9%.

2.3.2 The AFD Acceptable Operation Limits are provided in
Figure 2.

2.4 Heat Flux Hot Channel Factor - F,(Z) (Specification 3/4.2.2)
{F, methodology)

RTP
F,(2)< If * K(z) for P > 0.5 and

RTP

F,(2)< 0‘; * K(z) for P < 0.5.

THERMAL POWER
Where: P =
‘II' RATED THERMAL POWER

2.4.1  F¥) = 2.40
2.4.2 K(Z) is provided in Figure 3.

Fo=F%’ [1.0 + PFy (1.0 - P)]

2.4.3 Where: F®F = ' for the unrodded core planes

= ! for the core plan containing

Bank D control rods

! Value to be determined during the RSE process

II 3
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2.5

COLR for SALEM UNIT 1 CYCLE 13

Nuclear Enthalpy Rise Hot Channel Factor - Fy,, (Specification 3/4.2.3)

Fi = FiT11.0 + PF,,, (1.0 - P)]

Where:
2.5.1 FEF = 165
2.5.2 PF,, = 0.3

Page 4



CONTROL BANK POSITION (steps withdrawn)

(Fully Withdrawn %)

225
(16, 225)
200 : l(69,225)
BANK B8
(0, 186) )
(100, 170/
150 ‘
I BANK C |
100

(0, 58)

50

(29,0 |

0 |
) 20 40 60 80 100

(Fully Inserted)

PERCENT OF RATED THERMAL POWER (%)

# Fully withdrawn for the current cycle shall be the condition where control

rods are 2t a position ot 225 steps withdrawn. Withdrawal to 228 steps 1s
permitted during rod drop time measurements and rod position indicator

calibration.

FIGURE 1
ROD BANK INSERTION LIMIT VERSUS THERMAL POWER




% RATED THERIAL POWER
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FIGURE 2

AXIAL FLUX DIFFERENCE LIMITS AS A FUNCTION OF

RATED THERMAL POWER




K(Z) - NORMALIZED FQ(2)
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FIGURE 3
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K(Z) - NORMALIZED FQ(Z) AS A FUNCTION OF CORE HEIGHT




SAMPLE

. SALEM GENERATING STATION UNIT 2 CYCLE 9

CORE OPERATING LIMITS REPORT



COLR for SALEM UNIT 2 CYCLE 9

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Salem Unit 2 Cycle 9

has been prepared

in accordance with the requirements of

Technical Specification 6.9.1.9.

The Technical Specifications affected by this report are listed

below:

3/4.
3/4.
3/4.
3/4.
3/4.

U W

NN DN ==
WN - W
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Moderator Temperature Coefficient
Control Rod Insertion Limits

Axial Flux Difference

Heat Flux Hot Channel Factor
Nuclear Enthalpy Hot Channel Factor



COLR for SALEM UNIT 2 CYCLE 9

2.0 OPERATING LIMITS

The cycle~-specific parameter limits for the specifications listed

in Section 1.0 are presented in the following subsections. These
limits have been developed using the NRC-approved methodologies

specified in Technical Specification 6.9.1.9.

2.1 Moderator Temperature Coefficient (Specification 3/4.1.1.3)

2.1.1 The Moderator Temperature Coefficient (MTC) limits

are:

The BOL/ARO/HZP-MTC shall be less positive than
0 Ak/k°F.

The EOL/ARO/HZP-MTC shall be less negative than

-4.7 x 107" Ak/k°F.

2.1.2 The MTC Surveillance limit is:

The 300 ppm/ARQ/RTP-MTC should be less negative than
or equal to:

-4.0 x 107" Ak/k°F.

where:

BOL
ARO
HZP
EOL
RTP

stands
stands
stands
stands
stands

for
for
for
for
for

Beginning of Cycle Life
All Rods Out

Hot Zero THERMAL POWER
End of Cycle Life

RATED THERMAL POWER

2.2 Control Rod Insertion Limits (Specification 3/4.1.3.5)

2.1.1 The control rod banks shall be limited in physical
insertion as shown in Figure 1.

s:\admingrp\fuels\colr.doc



COLR for SALEM UNIT 2 CYCLE 9

2.3 Axial Flux Difference (Specification 3/4.2.1)
{CAOC methodology)

2.3.1 The AXIAL FLUX DIFFERENCE (AFD) target band is +6%,

-9%.

2.3.2 The AFD Acceptable Operation Limits are provided in
Figure 2.

2.4 Heat Flux Hot Channel Factor - F,(Z) (Specification 3/4.2.2)
{F, methodology)

RTP
F,(2) < 4; * K(z) for P > 0.5 and

RTP
F,(2)< O% * K(z) for P < 0.5.

THERMAL POWER

Where: P =
RATED THERMAL POWER

2.4.1  FMJ = 2.40
2.4.2 K(Z) is provided in Figure 3.
L _ yRTP —
Fg=F" [1.0 + PFy (1.0 P)]

2.4.3 Where: FF} = ' for the unrodded core planes

= '  for the core plan containing

Bank D control rods
PFyy = 0.3

! Value to be determined during the RSE process

s:\admingrp\fuels\colr.doc



2.5

COLR for SALEM UNIT 2 CYCLE 9

Nuclear Enthalpy Rise Hot Channel Factor - Fy,, (Specification 3/4.2.3)

Faw = FiX (1.0 + PF,, (1.0 - P)]

Where:
2.5.1 F3® = 1.65
2.52  PF, =03

Page 4



(Fully Withdrawn %)

225
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150 |

0, 58)

CONTROL BANK POSITION (steps withdrawn)
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0
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(Fully Inserted)

PERCENT OF RATED THERMAL POWER (%)

» Fully withdrawn tfor the current cycle shall be the condition where control
rods are at a position ot 225 steps withdrawn. Withdrawal to 228 steps 13

|

1 permitted during rod drop time measuresents and rod position indicator
|

|

calibration.

. FIGURE 1
ROD BANK INSERTION LIMIT VERSUS THERMAL POWER
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AXIAL FLUX DIFFERENCE LIMITS AS A FUNCTION OF
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