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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. 

609-339-5700 

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 (1Rl2), 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 
10CFR50.9l(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, 
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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 

MAY 1 0 1996 



STATE OF NEW JERSEY 
SS. 

COUNTY OF SALEM 

• 
REF: LR-N96114 

LCR S94-41 

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 [(}-lh day ofYQa.&p , 1996 

··qf ~~ ~O?Luyv 
. ~ry Pub i~f 'New Jersey 

KIMBERLY JO BROWN 
NOTARY PUBLIC OF NEW JERSEY 

My Commission expires on ~~~___:.M=y~C=om=m=iss=io~n~Fx~nj=re•~A~p=ri'~'~'~19~9~B~~~ 
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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 FQ (Z) 
Nuclear Enthalpy Hot Channel Factor FNAH 

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-Loop 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. 
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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 Tug' 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.1, 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 Tug" to "Indicated Tug"· 

The Bases are being changed to ref er to the "DNB design 
criterion" rather than a specific numerical value for 
minimum DNBR. 
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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 FaH 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 Fa 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 T0 g 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. In 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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2. 

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. In 
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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INTRODUCTION AND SUMMARY 

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. 

Margin Recovery 

The Margin Recovery Program supports the following 
major changes: 

Increased ~M and ~(Z) peaking factors. The full 
power ~M peaking factor design limit will 
increase from the current value of 1.55 to 1.65. 
The maximum FQ(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% ~k to 1.3% 
~k. 

• 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 (Tavg) 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%. 
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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 FN&H limit from 
1.55 to 1.65 (with appropriate treatment of 
uncertainties) is supported by design basis safet'.l__ 
analyses summarized in this report. The 
corresponding changes to the Technical 
Specifications are as defined in Appendix A . 

The change in the maximum F0 (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. 
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NUCLEAR DESIGN 

Introduction and Sunrnary 

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). In 
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. 
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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 is 
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 enrichrri.ent and 
burnable absorber usage will be employed to ensure 
compliance with the Peaking Factor Technical 
Specifications. 
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TABLE 2-1 
Range of Key Safety Parameters 

Safety Parameter 

Reactor Core Power (MWt) 

Vessel Average Coolant Temp. HFP (°F) 

Coolant System Pressure (psia) 

Core Average Linear Heat Rate (Kw/ft) 

Most Positive MTC (pcm/°F) 

Most Positive MDC (6K/g/cm3
) 

Doppler Temperature Coefficient (pcm/°F) 

Doppler Only Power Coefficient (pcm/% Power) 

Least Negative, HFP to HZP 

Most Negative, HFP to HZP 

Beta-Effective 

Normal Operation F~ 

(with uncertainties) 

Shutdown Margin (%6p) 1 

Normal Operation F0 

1 See Section 5.1.0.1 

current Deaiqn 
Values 

3411 

577.9 

2250 

5.43 

0 

0.43 

-2.90 to -1. 0 

-10.18 to -6.68 

-19.4 to -12.6 

0.0044 to 0.0075 

1. 55 

1. 60 

2.32 
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3411 

577.9 to 566.0 

2250 

5.43 

0 

0.52 

-3.50 to -0.91 

-9.30 to -6.05 

-23.0 to 14.0 

0.0040 to 0.0075 

1. 65 

1. 30 
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THERMAL AND HYDRAULIC DESIGN 

Introduction and Surrmary 

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. 
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The uncertainties included in the combined peaking 
factor uncertainty are the nuclear enthalpy rise hot 
channel factor, (P.\ii); the enthalpy rise engineering 
hot channel factor, (Fs~;;.:); uncertainties in the 
THINC-IV 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 OF 

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~a 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) 

Reactor Core Heat Output, Mwt 
Reactor Core Heat Output, 10 6

, BTU/Hr 
Heat Generated in Fuel, ~ 

Core Pressure, Nominal, psia 
Pressurizer Pressure, Nominal, psia 
Nuclear Enthalpy Hot Channel Factor* 

HFP Nominal Coolant Conditions 

Vessel Thermal Design Flow (TDF) 
Rate (including Bypass), 10 6 lbm/hr 
GPM 

Core Flow Rate** 
(excluding Bypass, based on TDF) 
10 6 lbm/hr 
GPM 

Core Flow Area, ft 2 

Core Inlet Mass Velocity, 

* 
** 

10 6 lbm/hr-ft2 (Based on TDF) 

Includes 4% measurement uncertainty. 
Based on design bypass flow of 7.2% 
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3, 411 
11, 642 
97.4 
2265 
2250 
1. 65 [ l+O. 3 ( 1- Pl ] , 
where P = Thermal Po~ • 

Rated T.P. 

125.2 
330,000 

116. 2 
306,240 
51. 3 

2.27 
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TABLE 3-1 
Salem Unit 1 and Unit 2 

~herrnal and Hydraulic Design Parameters (Continued) 

Thermal and Hydraulic Design Parameters (based on TDF) Design Parameters 

Nominal Vessel/Core Inlet Temperature, °F 
Vessel Average Temperature, °F 
Core Average Temperature, °F 
Vessel Outlet Temperature, °F I 

Average Temperature Rise in Vessel, °F 
Average Temperature Rise in Core, °F 

Heat Transfer 

Active Heat Transfer Surface Area, ft 2 

Average Heat Flux, BTU/hr-ft" 
Average Linear Power, kw/ft 
Peak Linear Power for Normal Operation, ****kw/ft 
Peak Linear Power for Prevention of 
Centerline Melt, kw/ft 
Pressure Drop Across Core, psi 

*** Based on average enthalpy in core. 
**** Based on maximum F0 of 2. 40. 
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TABLE 3-2 
DNBR Margin Summary* 

DNB Correlation WRB-1 

DNBR Correlation Limit 1.1 7 

DNBR Design Limit (TYPICAL) 
(THIMBLE) 

1. 24 
1. 24 

DNBR Safety Limit (TYPICAL) 
(THIMBLE) 

1. 34 
1. 33 

Rod Bow DNBR Penalty 1. 3% 

Transition Core DNBR Penalty 0% 

* Stearnline break is analyzed using the W-3 correlation with STOP. The 
correlation limit DNBR is 1.45 in the range of 500 to 1000 psia and the 
safety limit ONBR is 1.667. 

Rod withdrawal from subcritical and feedwater malfunction are analyzed 
using the W-3 correlation with STOP 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 STOP 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, FN~) of 1.65 and heat 
flux hot channel factor (total peaking, ~) of 2.40. ~~ 
plays an important role in transients that are 
departure from nucleate boiling (DNB)-limited. Since 
fN~ increases with decreasing power level (due to rod 
insertion), all transients that may be DNB-limited are 
assumed to begin with an fN~ consistent with the 
initial power level defined in the Technical 
Specifications (Tech Specs) . F0 is important for 
transients that may be overpower-limited. F0 may 
increase with decreasing power level such that the 
full-power hot spot heat flux is not exceeded 
(i.e., F0x 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 ~of 2.40. 

The analyses sensitive to minimum shutdown margin (SDM) 
assumed 1.3% Dk. 
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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 DNB-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 ±2% 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. 

Page 12 of 205 
S: \Mf'l'INGRP\f'Ul:LS\PAM. DOC 



• 

• 

4.1.0.3 

4.1.0.4 

ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

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 is the 
decay heat model increased by two standard 
deviations for conservatism. 

Overtemperature-and Overpower-OT 

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 Figur~ 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. In 
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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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 

Illustration of Overtemperature and Overpower 
AT Protection 

1840 
PSIA 

/ 

2000 
PSIA 

/ 

e>.enemperature Delta T 
Tnp Lines (Including Ma:ilmum 
Instrument Errors) Al 
Indicated Pressures 

570 580 590 600 610 

Tavg (·F) 

Page 17 of 205 

Olle'l)Ower Delta T 
Tnp L'f1e 

Des~n Flow Des~n 
Hct C:ianne1 Fac:ors 

Locus of Points 'Nhere 
Steam Generator Safety 
Val~s Open 

620 630 640 

S: \Aai!NGRP' F'JEi..S\ PA.M. :i<X' 

650 



• 
100 

90 

80 

70 

-~ 0 60 

c 
.Q 
.... 
Q.) 50 en 
c 

.:.:. 
c 
C1l 

CJ 40 

30 

20 

10 

• S: \Ar::tHNGP.P\rU!:LS\ PAH. ::0: 

ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

a 

Figure 4.1-3 

RCCA Position (Insertion) 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 Subcritical 
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 Dopplei 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 wi thdrawa.l 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 trip. 

b. The intermediate range high neutron flux reactor 
trip. 

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

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

e. The hi~h nuclear flux rate reactor trip. 

In addition, control rod stops on high intermediate 
range flux and high power-range flux signals serve to 
~ease 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 ave.rage 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 also 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 

Event 

Initiation of Uncontrolled RCCA Bank Withdrawal 

Power Rnage High Neutron Flux Low Setpoint Reached 

Peak Nuclear Power Occurs 

Rod Motion Begins 

Peak Heat Flux Occurs 

Minimum DNBR Occurs . 

Peak Clad Temperature Occurs 

Peak Fuel Average Temperature Occurs 

Peak Fuel Centerline Temperature Occurs 
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Figure 4.1.1-1 
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Figure 4.1.1-2 

Uncontrolled Rod Cluster Control Assembly 
Bank Withdrawal From Subcritical 
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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 no-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 value, 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 pressurizer 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 Tavg 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 is 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. 

S: \Al:l"IINGRP\Ft.!:1.S\PN(. DOC 

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. In 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. 

Page 29 of 205 
S: \M:l'IINGRP\rut:l-S\PAH. DOC 



• 

ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

Conclusions: 

In the event of an uncontrolled RCCA bank withdr~wal 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 ~T 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 pcm/sec - Full Power) High Neutron Flux Trip 
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Figure 4 .1. 2-2 

Uncontrolled RCCA Bank Withdrawal At Power 
(75 pcm/sec - Full Power) High Neutron Flux Trip 
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Figure 4.1.2-3 

Uncontrolled RCCA Bank Withdrawal At Power 
(3 pcm/sec - Full Power) OVertemperature ~T Trip 

(Maximum Feedback) 
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Figure 4.1.2-4 

Uncontrolled RCCA Bank Withdrawal At Power 
(3pcm/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 
( 10% Power) 
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Rod Cluster Control Assembly Misalignment 
(UFSAR 15.2.3) 

Accident Description: 

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

a. A dropped full-length assembly; 

b. a dropped full-length assembly bank; and 

c. statically misaligned.assembly. 

A dropped RCCA or RCCA banks are detected by: · 

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

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

c. Rod bottom light(s); 

d. Rod deviation alarm; and 

e. Rod position indication. 

Misaligned RCCAs are detected by: 

a. Technical Specification surveillances; 

b. Asymmetric power dist'ribution as seen on out-of
core neutron detectors or core exit thermocouples; 

c. Rod deviation alarm; and 

d. 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, st~am 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 sy~tem 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 group 
result in a negative reactivity insertion. The core is 
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 is not 
adversely affected during the insertion period, since 
power is 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 value. 

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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Figure 4.1.3-2 

Transient Response to Dropped 
Rod Cluster Control Assembly 
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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 
adrninistrative 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 operatqr sufficient time to correct the situation 
in a safe and orderly manner. 

Method of Analysis: 

Dilution During Refueling (Mode 6) 

Adrninistrative 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. 

Page 45 of 205 
S: \ArfotINGP.P\ FU!:LS\ PAM. DOC 



• 
ATTACHMENT 3 

SUPPORTING FUMRP ANALYSES/EVALUATIONS 

Dilution at Power 

With the unit at 
dilution rate is 
charging pumps. 
reactivity rate 
approximately 1 

power and the RCS at pressure, the 
limited by the capacity of the 
Dilution flow is 236 gpm. The 

used in the following evaluation is 
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 refueling, the minimum time 
required for the SOM 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 SOM 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 (SOM) . 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. 

Page 46 of 205 
S: \Ail-(INGRP\FU?:LS\ PAM. UOC' 



ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

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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Mode 6 

Mode 2 

Mode 1 

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 isolates source of 
dilution; minimum margin to 
criticality occurs 

Dilution begins 
Automatic reactor control 1.3% shutdown margin lost 

Mode 1 
Manual reactor control 

S: \M:HINGP.P\ rtl!LS\ PAM. txx: 

Dilution begins 
OT~T reactor trip signal reached 
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 

4.1.5.2 

4.1.5.3 

Partial Loss of Reactor Coolant Flow 
(UFSAR 15.2.5) 
Complete Loss of Reactor Coolant Flow 
( UFSAR 15 . 3 . 4 ) 
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 reictor 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. Above 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 value. 
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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 does 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 Coolant Flow 

Time 
Event (seconds) 

Coastdown begins 0.0 

Low flow reactor trip 1. 6 

Rod motion begins 2. 6 

Minimum DNBR occurs 3.9 

Maximum RCS Pressure occurs 4. 7 

• 
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Figure 4.1.5.1-1 
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Figure 4 .1. 5 .1-2 
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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 is 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 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. 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 value. 

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 o~ Events 
Complete Loss of Forced Reactor Coolant Flow 

Undervoltage 

Event 

All operating RCPs lose power and costdown begins 

Undervoltage reactor trip 

Rod motion begins 

Minimum DNBR occurs 

Max.imum RCS Pressure occurs 

Underf requencey 

Event 

Frequency decay begins and RCS f lowis reduced 

Rod motion begins due to Underfrequency Reactor Trip 

Minimum DNBR occurs 

Maximum RCS Pressure occurs 

Time 
(seconds) 

0.0 

0.0 

1. 5 

3.4 

4.4 

Time 
(seconds) 

0.0 

1. 91 

3.9 

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. 

Page 58 of 205 
... 

S: \AIMINGRP\rtl'ELS\PN(. DOC 



• 

;z 
~ 
~ 
~ 0.9 

~ ~ 0.8 

~ 
::. 0 i 
~ 
0 ..... 

0.6 14. 
w 

~ 
u 0.5 

• 04 
0 

1.2 

~ 
~ O.! 

~ 

a o.e 

~ 
~ 0.-' 
x 
;:) 
..,j .. 

0.2 

0 
0 

• 9: \AmtUl'QRP\Fut:LS\ PM. DOC 

ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

2 

2 

Figure 4 .1. 5. 2-1 
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Figure 4.1.5.2-2 
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2 

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 re-?istance 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 applicable 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 oper~ting conditions, 
i.e., a maximum steady state thermal power, maximum 
steady state pressure, and maxim~m 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., F0 = 3.0) at 
the initial core power level. The ~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 F0 = 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 is 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 

Maximum clad temperature occurs 

Maximum RCS pressure. occurs 

• 

• 
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Figure 4.1.5.3-1 
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0.2 

Figure 4 .1. 5. 3-2 
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Figure 4.1.5.3-3 
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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 p~essurizer 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. Two cases for both BOL and EOL reactivity feedback 
conditions are analyzed: 

b. 

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) I 

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. 

c. 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 tha~ the 
reactor is in 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 value. 
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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. In 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 an~ 
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 o~ 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 operation 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 
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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 Au toma tic Pressure Control 
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Figure 4.1.7-4 

Loss of Load With Automatic Pressure Control 
Maximum Feedback (EOL) 
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Figure 4.1.7-5 

Loss of Load With Automatic Pressure Control 
Maximum Feedback (EOL) 
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Figure 4.1.7-6 

Loss of Load With Automatic Pressure Control 
Maximum Feedback (EOL) 
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Figure 4.1.7-7· 

Loss of Load Without Automatic Pressure Control 
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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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Figure 4.1.7-10 

Loss of Load Without Automatic Pressure Control 
Maximum Feedback (EOL) 
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Figure 4.1.7-11 

Loss of Load Without Automatic Pressure Control 
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Figure 4.1.7-12 

Loss of Load Without Automatic Pressure Control 
Maximum Feedback (EOL) 
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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 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) . 

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

f. Sec6ndary 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. 

i. 

The initial pressurizer pressure is 50 psi above 
its nominal value . 

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 de~ay 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. In 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. Fig.ure 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. 

ConGlusions: 

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 f eedwater 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 safety valves open 

Two steam generators 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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Loss of Offsite Power to the Station Auxiliaries 
(UFSAR 15. 2. 9) 

Accident Description: 

A complete loss of non-emergency ac power is a 
Condition II event which may result in the loss of all 
power to the plant auxiliaries, i.e., the reactor 
coolant pumps, condens_ate 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 tG 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 addition.al 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 delivered 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. 

Re.sults: 

The transient r~sponse of the RCS following a los~ 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 will 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 the RCS or 
the core. The maximum RCS and the steam generator 
pressures are below· the limit values. 

The LOFTRAN code results show that the reactor cool.ant 
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 pow~r 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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Table 4.1.9-2 

Reactor Coolant Natural Circulation Flow 

Percent of Percent of 
Nominal Power Nominal Flow 

1. 0 3.07 

1. 5 3.52 

2.0 3.89 

2.5 4.22 

3.0 4.49 

3.5 4.74 

4.0 4.96 

• 
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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 value. 

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 
reactivit~ 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 is 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 is 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 loop 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 t.he 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 power (single loop) 

Event 

One FCV and one FBCV fail fully open 

High-high steam generator water level signal reached 

Turbine trip occurs 

Minimum DNBR occurs 

Rod motion begins 

Feedwater flow isol~ted due to high-high steam 
generator water level 

Excessive feedwater at full power (multi-loop) 

Event 

Four FCV .and four FBCV fail fully open 

Minimum DNBR occurs 

High-high ste~m generator water-levels signal reached 

Turbine trip occurs 

Rod motion begins 

Feedwater flow isolated due to high-high' steam 
ge~erator water level 
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Figure 4.1.10-1 

Feedwater Malfunction Single Loop 
Manual Rod Control 

~ 
ool_~~__:~-==============----~_;,_~----_J 

0 20 ao 100 1:0 ieo 1&0 

i1M: (SCCl 

, 4 

~ 

~ 
, .2 

ll. 

~ 1.0 

~ 
;:: 

0.8 

~ 
~ 
)( 0.S 
=i 
~ 
14. 

~ 0.4 
l: 
w 
~ 0.2 
u 

0.0 
0 ec 80 100 120 180 

TJ.E (SEC) 

Page 106 of 205 
S: \ADMINGl\P\FUl!LS\ P.llK. XIC 



• 

• 

• 

2.4'l0 

~ 2.300 rn a.. 
w s rn uoo rn 
w s: 
a: 
~ 2. 100 
~ 

~ 
rn 
w 
~ 2.000 

1.900 
0 

100 

ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

Figure 4.1.10-2 

Feedwater Malfunction Single Loop 
Manual Rod Control 
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Figure 4.1.10-3 

Feedwater Malfunction Single Loop 
Manual Rod Control 
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Figure 4.1.10-4 

·Feedwater Malfunction Multi-Loop 
Automatic Rod Control 
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Figure 4.1.10-5 

Feedwater Malfunction Multi-Loop 
Automatic Rod Control 
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Figure 4.1.10-6 

Feedwater Malfunction_Multi-Loop 
Automatic Rod Control 
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.Excessive Load Increase (UFSAR 15.2.11) 

Accident Description: 

An excessive load increase .j..ncident is defined as a 
Condition II event resulting from ~ 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. 

Accidentai 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 maintain 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 insertion following reactor 
trip. 

It should also 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. 
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Results: 

Figure 4.1.12-1 illustrates the nuclear power and flux 
transients following the accident. The pressurizer 
pressure and volume results are given in 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 Coolant System 

Event 

Inadvertent opening of one pressurizer safety valve 

Reactor trip setpoint reached for overtemperature ~T 

Rod motion on reactor trip signal 

Minimum DNBR occurs 
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Figure 4.1.12-1 

Accidental RCS Depressurization 
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Figure 4.1.12.2 

Accidental RCS Depressurization 
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Figure 4.1.12-3 

Accidental RCS Depressurization 
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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) 

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

b. 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 keff versus 
temperature corresponding to the negative MTC used 
plus the Doppler temperature effect is shown on 
Figure 4.1.13.1-1. 

c. 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. 

d. 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. 

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

f. 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 

Event 

Inadvertent opening of one main steam.safety or 
relief valve · 

SIS actuated on high steamline differential pressure 

Feedwater isolation occurs 

· Pressurizer empties 

Bbrori reaches reactor coolant system loops 

Uniform Depressurization 

Event 

Inadvertent opening of one main steam safety or 
relief valve 

Pressurizer empties 

SIS actuated on low pressurizer pressure 

Feedwater isolation occurs 

Boron reaches reactor coolant system loops 
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Figure 4.1.13.1-2 

Safety Injection Curve 

Safety liiecticn Flow (Um/Sec) 
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Figure 4.1.13.1-3 

Transient Response to Steamline Break 
Equivalent to 305 lb/sec at 1,000 psia 

with Offsite Power Available 
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Figure 4.1.13.1-4 

Transient Response to Streamline Break 
Equivalent to 305 lb/sec at 1,000 psia 

With Offsite Power Available 
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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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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 
a minor secondary system pipe break. Given MRP 
implementation, results of a minor secondary system 
pipe break are acceptable since the calculated DNBR 
would be greater than the safety limit met for more 
severe major secondary system pipe breaks. 

of 

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 is 
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 . 
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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 is 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 
containment 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 following 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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b. 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 
tempera tu re and pressure. The k.u 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. 

c. 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, is 
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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d. 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 is 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
load conditions. Offsite power is 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 simultaneous 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. 

e. 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) 
computing the steam flow. 

0 is used in 

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 is 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 
SOM 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 is 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, 
criticali~y is achieved later and the core increase is 
slower than in the similar cases (Cases A and B) with 
offsite p~wer assumed available. For both Cases C and 
D, the peak core power remains well below the full 
power value. 

Conclusions: 

A DNB analysis was performed 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 

Case Event 

A Stearn 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 

B Stearn line ruptures 

c 

D 

SIS actuated on hihg stearnline differential pressure 
Feedwate risolation 
Pressurizer empties 
Steamline Isolation 
Criticality attained 
2300 ppm boron solution reaches reactor coolant loops 
Accumulators actuated 

Stearn line ruptures 
SIS actuated on high steam flow coincident with low steam pressure 
Feedwater Isolation 
Steamline Isolation 
Pressurizer empties 
Criticality attained 
2300 ppm boron solution reaches reactor coolant loops 

Stearn line ruptures 
SIS actuated on high stearnline differential pressure 
Feedwater Isolation 
Steamline Isolation 
Pressurizer empties 
Criticality attained 
2300 ppm boron solution reaches reactor coolant loops 
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Figure 4.1.13.3-1 

Variation of Reactivity with Power 
At Constant Core Average Temperature 
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Figure 4.1.13.3-2 

Transient Response to SteamlL1e Break 
Downstream of Flow Measuring Nozzle with 

Safety Injection and Offsite Power 
(Case A) 
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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 
(Case A) 
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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 Stearnline 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 Stearn Generator with 

Safety Injection,· Without Offsite Power 
(Case D) 
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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 
(Case D) 
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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 recoYer 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 violated. 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 BOL 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 value 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 quickly enough in 
all cases to prevent a minimum DNBR in the core less 
than the limit value. 

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 is 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 is 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. 

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

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 cond~tions) 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-

S: \AL::tUNGP.P\P'UELS\ PAM. DOC 

ej ection 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 Ejection. 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 is 
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. 
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Table 4.1.17-1 

Sequence of Events 
RCCA Ejection 

Beginning of eycle Full Power 

Catastrophic Control Rod Drive 

Mechanism Housing Failure Occurs 

RCCA is fully ejected from core 

High nuclear flux reactor trip 
setpoint reached 

Peak nuclear power occurs 

Rod motion begins 

Maximum fuel pellet enthalpy occurs 

Peak clad temperature occurs 

Maximum fuel melt occurs 
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Table 4.1.17-1 (Continued) 

Sequence of Events 
RCCA Ejection 

End of eycle Full Power 

Catastrophic Control Rod Drive 

Mechanism Housing Failure Occurs RCCA 
is fully ejected from core 

High nuclear flux reactor trip 
setpoint reached 

Peak nuclear power occurs 

Rod motion begins 

Maximum fuel pellet enthalpy occurs 

Peak clad temperature occurs 

Maximum fuel melt occurs 
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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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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 be 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 Twq with High Steamline Flow 

c. High Steamline Differential Pressure 

d. Low Pressurizer Pressure 

e. High Containment Pressure 

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

a. Low Steamline Pressure with High Steamline Flow 

b. Low-Low RCS Tavq with High Steamline Flow 

c. High-High Containment Pressure 
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Method of Analysis: 

A complete analysis of main steamli.1e breaks inside 
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 is 
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 various 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 safeguards train. Details about each of 
the single failures and tpeir 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 isolation 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 isolation 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 unisolatable 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 is 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, is 
added to the containment and continues until steamline 
isolation ·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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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. 

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. 

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 2 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 displa~ 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 2 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 Ca3e 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 2 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. In addition, the containment 
temperatures are acceptable with respect to Equipment 
Qualification. 
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Figure 4.1.18-1 
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Figure 4.1.18-2 
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Figure 4.1.18-3 

MSLB Containment Temperature Transient 
4.6 F~ DER - 30% Power 

Feedwater Control Valve Failure 
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Figure 4.1.18-4 

MSLB Containment Pressure Transient 
0.944 F~ Split Break - 30% Power 
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Figure 4.1.18-5 

MSLB Containment Temperature Tr&nsient 
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 Ft2 Small DER - 102% Power 

Main Steam Isolation Valve Failure 
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Figure 4.1.18-7 
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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-Of-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.v9 operating window of 566°F to 
580°F, thermal design flow of 82,500 gpm/loop, maximum 
peaking factor Fo(Z) of 2.40, and a hot channel 
enthalpy rise factor ~~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 
safeguards 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.v9 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. 

Page 179 of 205 ... 
S: \M:ti:INGRP\l'UELS\PAH. DOC 



• 

• 

4.2.1.3 

ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

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 
radioactivity 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 
(C 0 = 0.4 under minimum safeguards safety injection 
flow and maximum operating RCS T.v9 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 l and 2 remains in 
compliance with the requirements of 10 CFR 50.46. 

Small Break LOCA (UFSAR Section 15.3.1) 

Description of Analysis Assumptions 

The Small Break Loss-Of-Coolant Accident (LOCA) 
analysis fo-r 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 lOCFR 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.vq operating 
window of 566°F to 580°F, thermal design flow of 82,500 
gpm/loop, maximum peaking factor F0 (Z) of 2.40, and a 
hot channel enthalpy rise factor F"~ 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) ~as 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 WC~P-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 non-borated water, will result 
in the reactor core remaining subcritical assuming all 
control rods out. 

A reduced thermal design flow of 82,500 gpm/loop, 25% 
uniform SGTP, maximum peaking factor F0 (Z) of 2.40, and 
a hot channel enthalpy rise factor ~~of 1.65 have a 
negligibl~ 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~g operating window of 566°F to 
580°F will result in a small incr~ase 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 
cooling capability of theECCS 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 recirculation time is determined for 
inclusion in-emergency ~rocedures to ensure no boron 
precipitation in the reactor vessel following boiling 
-in the c6re. This recirculation time is depende~t 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.vg 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 Stearn Generator Tube Rupture (SGTR) 
accident. The plant parameters considered for the 
analysis include the current licensed power level of 
3423 MWt with a T.vg temperature range from 566°F to 
577.9°F and a maximum steam generator tube plugging 
level of ~5%, 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 radioactive coolant 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 
radioactive release and the resultant offsite radiation 
doses for a SGTR are the amount of fuel defec~s (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. 

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 todine 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 either 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. In 
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 

Thyroid Dose with Pre-Accident 
Iodine Spike 

Site Boundary (0-2 hours) 
Low Population Zone (0-32 hours) 

Thyroid Dose with Accident 
Initiated Spike 

Site Boundary (0-2 hours) 
Low Population Zone (0-32 hours) 

Whole - body y 
Site Boundary (0-2 hours) 
Low Population Zone (0-32 hours) 

Containment Analysis 

v+ 

23.6 
2.2 

3.6 
0.6 

1. 2 E-1 
1.0E-2 

Current 
FSAR 

6.62 
0. 18"· 3 

n/a 
n/a 

l.9E-l 
1. 3E-2"' 

Acceptance 
Criteria 1 

10 CFR 100 
10 CFR 100 

30 rem 
30 rem 

10 CFR 100 
10 CFR 100 
10 CFR 100 

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 Margi~ 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. 

1 SRP Section 15.6.3 

2 Without iodine spike 

3 0-8 hour dose at the LPZ 
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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% Stearn 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.vg Range: 

Long-term LOCA mass and energy release analyses are 
bounded by high pressure and low temperature. The new 
RCS pressure uncertainty and T~g 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. In 
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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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 Thot and Tcold values. 

For all evaluated components, the stress intensity 
range remains below the Code limit of 3Sm 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. 

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 Losses 

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 529.0°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 wo.rst 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 cooling 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 lift 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 w~re 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 (AVEs). 
Rather than corrosion, AVE indications have been 
confirmed as wear caused by fluid elastic vibration. 
Estimates _for increased wear at the AVE 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 
expansion 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) 
r 

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 projections 
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 Ll06A 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 Stea~ 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 compa.red to the original 
design temperature of 610.8°F. This range considered 
the envelope of all the conditions piesented in this 
program. The proposed operating temperatures_for the 
cold leg ranged from S29°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_ th~_ op~_ra:t_i~g ter:nperature. 
The thermal, seis~ic and LOCA analysis were evaluated 
for the potential impact of these modified . 
tempe_ratures. For the conditions defined for the Salem 
MRP.the existing analysis results have been reconciled 
and ~ontinued to be applicable for both the old and new 
plant conditions~ The pressuriz~r thermal 
stratification analysis was reconciled to the specified 
conditions without changes to the usage factor and the 
surge nozzle loadings. 
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Auxiliary Equipment 

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. 

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. 

Auxiliary Pumps 

The auxiliary pumps, including positive displacement 
pump, safety injection pump, residual heat removal 
pump, eves 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 (Thot' T,01d and T.v9 ) 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 eves is comprised of a letdown 
and charging subsystem which provides support services 
to the RCS during plant operations. During normal 
plant operations, the eves 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). 

Page 201 of 205 
S: \Atf"IINGRP\FUELS\ PAK. ;:xx: 



• 

• 

• 

ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

The direct consequence of higher RCS operating 
temperatures is a higher interface temperature with the 
eves (i.e. f letdown tempera tu re) . w 1th 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 normal 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 eves chemical 
addition operations, and as such, is evaluated to be 
acceptable. The eves 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 is 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 T=~ 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 liquid 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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• 
4.5.9.9 

4.5.10 

ATTACHMENT 3 
SUPPORTING FUMRP ANALYSES/EVALUATIONS 

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 (@RCS 
Thot conditions) under the revised Margin Recovery RCS 
operating conditions is 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. In 
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. In almost all 
cases, the MRP conditions and transient loadings 
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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:::!PINITIONS 

~:.~ yenetr&tlon• recr-ilred to be =~=••d jur~ng acc~j•nt ::nd~=~=n• 
are el::-.er 

a ::apule of being clo••d by an CPIRAat.1 cont&irunent autorM:: ~: 
:.•o~atlon v&lve 1y•t•m. or 

b. ::.osed by .'l\&.nu.&l ·1alve•. blind !:.ange•. or ::e&c:: ~ ·1a::ed 
automAtic valve• secured ln :heir closed ;><:• ~::lons. except •• 
provided ln TUile 3.6-l of Specificatlon 3 ~ l.l. 

l.i ~ The cont&inznent leakage rat•• are within th• lir1Ut• oe 
Specification 3.6.l.l. and 

l.i 5 Th• 1ealin9 mech&ni•m a••ociaced with each penetration (e.g., 
wel~. bellow• or O-r1n9•l i• OPCR.Aar.... 

:. . a NOT 'JS iD 

:..9 C~RJ: i\L':'l:~T!ON shall be th• movemeat or 'n.&llipulation oe any compcinent 
··n thl.n th• reactor J?r•••ur• v••••l wi.th che v••••l ~•d removed and fuel :.n 
:he ve•••l. Su.9en.1QQ of COi.a AI.Tml.ATION shall net preclude completion of 
~ovement of a compcnent to a •aee col19ervac1ve pc•itioc. 
~ :f ~5~,,:_-;- A 
~SE EOtJI'/M PU I· lll 

~.:.o :-OSI IQOIVAL..lln' I-lll •hall be that concuitration oe I-l31 (microcuries 
~·r graml wtucb alone would prod~<:• th• same th~oid do•• &• the qu&ntity and 
~sotopi.c m.iJRu.re oe I-lll, I·lll, I-lll. I-lH, and I·l35 actually J?rHent. :'he 

INSERT A 

'~.l. CORE OPDAIJNQ The CORE OPERA TING Lt:MlTS REPORT cCOLRl LS me 
UMlTS ~T unn-specific d~t tnll provides core operl'tinl limns for the cumnt 

openw11 reioad cycle. These cyclH~fic core oper111n1 limJu shall be 
~for each re.load cycle in accordance with Specification 6.9 1.9 Urut 
~D widli.n l22eM openllDI l1.m.1u LS aQdressed in ind1v1dual spec1fiax1ons 

Amendment No · ·: 



• 

• 

2.0 SAFETY lIMITS ANO LIMITING SAFETY SYST~ S~!NGS 

2.1 SAF!TY LIMITS 

REACTOR CORE 

l«JDES 1 and 2. 

1n.v1r the point d1fined by th1 callbi,,.tion of the h1gh1st operating 
oop 1v1nge tlllptnturt and TifERIW. PMR has txcHd1d tn1 1ppropri1t. 
r"9ssuriz1r prusu,.. lint, be 1n HOT STANDBY w1th1n 1 haur. 

EACTOA COOi.MT SYSTEM PRESSU 

. 1.2 Thi R91ctar Coolant Syste p,..ssurt shl11 not 1x1:Hd 2735 ps1g. 

MODES 1, z. 3, 4 Ind 5. 

1 Ind Z . 
Whenever tlll Reactor Coolant Systm prusu,.. his ucHd9d 2735 P!Sig, 
IM 1n HOT STMDIY w1th tl\1 R91ctar Coolant Systa Pr"9ssurw w1th1n 
1ts 11•1t w1tn1n 1 hour. 

3, 4 and 5 

Whenever tlll R81ctar Coolant Systlm prtssurw his 1xceed9d 2735 ps1g, 
reducl tftl Ra1ctar Coolant Syste prwssurt ta within 1ts limit within 
5 •1nutas. 

· • UNIT 1 2-1 

. ' 

, . 
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TABLE 2.2-1 

IEACTOI TIJP SYSTEM INSTRUMENTAJJOH TRIP SEJPOINTS 

flllCTICMIAL 1111 l 

1 • ......_1 leaclor Trip 

2. P_.r bngct, Neutron Flux 

J. r ... r ...... llMltron flux, 
Htgb Po1tttve late 

4. P-r ...... Neutron flux, 
Htgb Negative late 

I. l•termdtate ..... Neutron 
flux 

i. Seurce ....... lleutron flux 

1. Overt.peratun &T 

I. 0we..,._r 6T 

I. Pn11•h•r Pn11urr-Law 

11. Pre1 .... t1•r Pre11un--Htgt1 

TRIP SETPOINT 

Not Appllcable 

low Setpolnt - < Z5S of IATED 
THEllMl POWEi -

Htlli' Setpolnt - < 109S.of IATED 
THEIML POWEi - · 

< 5S of llATED THElllAL POWEi with 
i ti• con1unl > Z 1econd 

< ~ of UTED THEIML POWER with 
i tt• con1tant !. Z second 

! HS of IATED THEIML PCMI 

< 105 count1 per 1ec:ond a 

s.. Not• 1 

Se• Note 2 

!. 1165 p1t1 

~ Z385 pstg 

11. PN11urh11r W.ter L.ewel--Hlgh ! !ZI of tnstrment 1pan 

12. lo11 of f ~ow ~ 90I of design flow per loop• 

"Deal., flaw la~- per loop. 

62-)5CO 

.. . 
·' 

ALLOWABLE VALUES 

Nol Appl tcab le 

Low Setpolnl - < 261 of RATED 
THERMAL POWEi -

High Setpolnl - < llOI of RATED 
THERML POWEi -

< S.5'1 of RATED THERMAL POWER 
wtlh • tt .. constant > 2 second 

< 5. SI of IATED THEllML POWER 
with • time constant > 2 second 

! JOI of IATEO THERMAL POWER 

! l.l x 105 counts per second 

See llol• J 

See Note " 

~ 1155 pslg 

! 2195 pstg 

! 9JS of lnstrU1tenl span 

~ 891 of deilgn flow p~r loop• 
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Jf\BLE 2. 2- l _u;on ti nued) 

HEACfOI~ TRIP SYS~'.::M INSTRUMENT.!\:JON TRIP SETPOINTS 

NOTf\JlO~ JContinuecJ 

Operation with 4 Loops 

:;;~ .164 

6 . 0 0 I 0 z. 0 K3 :;; 8. 8887'3 

and f {61) is a fvnctior of the ir~ir~t~d ,;~~fere~ce between top and bottom detectors 
of thl power-range nuclear ion ch<Amb~rs; 111it·~ ~·c,"'!S to be selected based on measured 
instrument response during plan·~ s·~artup ';:es~s S!.!.::1 tha~ 

( i) for q - q be:':..,.~e~n -23 ne"'ri:>"~: .:i1d lrlftJpercent. f1 (61) "' 0 

( i i ) 

( i i i ) 

(wher~ qt Rnd qh are percent RAT:J THERMAL POWER in the top and bottom 
halves or the core respectivelr. and qt + qb is total THERMAL POWER in 
percent of RATH' -:-m:~.~.'... ?OWE~,.. 

for 
the 
its 

for 
the 
its 

each percent that the magn:tuce of (qt - qh) exceeds -23 percent, 
6T trip setpoint shall be automatically reouced by 1.26 percent of 
value at RATED THERMAL POWER. ,~ 

each percent that the n~gnitude of (qt - q ) exceeds ~t. 
6T trip setpoint shall be automatical 1y re~uced by~ percent of 
value at RATED THERMAL POWER. ~ 

. ~ 

• 
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TABLE Z.Z-1 (C...ttnued} 

IUCTM TllP SYSTOI UISTUIHTATlml TllP SUPOlllS 

mTATlml (CenttRUed) 

•te 1: ..,.., .... al ! a1.r14-"5 [ 115 ) T - •, (T-r>-t1<a•n 
1+135 

Al • • l•tatM Al •t IATU TNE..a. IOWEI 

T • Awer111 t..,er•..,. • ., 

I rllo1.-c.q +~o1t-•---r----.rr .. -,.,-•• -e .. :l1-. •t IATD 1111w. ,.. ~ u1.,., 

•• • 
.. . 11.111)~ l.urf fer hacreHI• neH .. hllper•lwe aMI 0 fer '9creHlng 

fteH.. t.,er•twe 

'a • Ii. •ntlrf fer T > t• i '6 • I fer T ! 1• 

'1 • 

s • 

I 

n. f..ctl• ..-r•tad a., tM rate , .. c•treller fer '• ...-ic 
ClllHHtlN WI 

It• CNl._t 11tllhM I• U. rate I .. c•treller fer '•"I 
'1 •II MCI. 

IAfl.ce trMtf•,. •r.ter. s.c·1• 

I fer •II al 

.. te J: De cMMel'1 ... ,_ trl' ,.111t IMll Mt eueM It• c_,..letl trip pelnt by •re thM 
-~ lhi] .. rc-t. 

•t• 41 fte c.._.t•• ... ._ trip .. l•t •ll•ll -t ..... It• c-...tu trip lf'8l•t •~ -re tll•• 
~~ .. rceat. 

• 

• I 



• 

• 

2 . l lil'!Tt !.~ITS 

Mm. 
l. l. l WCIOI cpg 

The re.1tri~tion. of thil ••f1cy liait prevuic ov.rhaacin1 of the fual &n~ 
po••ibl• cla4din1 pe~oracion which would r..ulc in Ute rel .... 1 of fi••ion 
proctucu co tM r .. ccor coolAnc. OYerbeAcin1 of the fuel Cl.adciin1 11 preventad 
by reatric:tinl tu.l operacioa co wi~in Che m&cla&t• bo1lin1 1'91181 vh9r1 th• 
n..c traiufer coefficient 11 lar1• and the cl..&lin1 IUZ'f &ce t911p41rature i• 
1li1hcly abov. the cool&nc ... curacion t..,eracura. 

Operation a~ tha "fPer bo\lndary of the nucluce boilin1 re11a co1Jld 
~c in ucaHi" claddinl c_,.racuru i...caue of ca. Oft.let of upartun 
fraa n\&Cleau boilinl CDNI) and U. ruu.ltut •bu'p ~Uon 1n but tran1far 
coefficient. DNI 1• not a directly ....urable par ... ter cbarinc oper&C1on and 
tberafon 1'IDMA1. POWll Fd leactor Coolant T_.ratun met PnH\ln have bean 
rel.aced to EID throuah · 

bed 0.Y9loped to pndict c&a-1111 fla and the location of OHi 
for uially '8lifom ancS non·unifom but flua cU.nrilMIUau. ?ha local M 
but fla ratio, ?llU, cleHMd u the ratio of tbe but flu t.bat would c.aiu1 

tlll at a panicular con locauoa to the local but flua, u indicau .. of ·:ha 
•rain co ma. 

be at leaat 95 percalt 
miq con.di on I an4 

tbe 11111 co & Uon 
latice ll.&it 

Ut.a Mt 1UC th.t 

tor th• 

TM curvu of 1ipnil 2.1·1 I•- j.1 II abawsU. lod of poi.nu of Tm.'W. 
POW'D, laacur Coolant S19t• prunn ad nuap c_,.racun for wftich the 
a1A1- t'IGI 11 no lu• t.baa tbe duip 11111 Y&l•, or tbe a...ra1• enthalpy at 

CM YHHl Uit i• equ1 to the •t.haln of MQ&rat.ed liquid. 

---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--, 

The DNB design b1sis is 1s follows: uncert11nties 1n the WRB-1 and 
WRl-2 correl1tions, pl1nt operating p1rmneters. nuclear 1nd thennal 
parameters. fuel fabrication parameters. and cCft'4)uter codes are considered 
statistically 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 ONBR value 
which a.ist be inet in pl1nt s1fety an1lyses using v&lYes of input p1rameters 
without uncert1inties. 

SALIM • UNIT 1 I 2•1 Allllnd•n t No. 96 



sqm !.~I':'S 

~ ~ 
~ _!f ___ _ 

TM c:urft9 an MH4 on an entn&lpy noc channel factor, I~ •f i, Uj and 
a ?'9farmca cHiM with a ~ of l. 33 for u1al ~r 1hape. ~ allowance ~J 
illcl\MLed fOT &ll 1.ncn&M iJl r ~ &t reduced pcwer ~ on CM UllHHion: 

__ u '( .. ·.:: :· l: ::'::::, •.. - - .M:I ~ to - ~ 
red f'<"./"·'5 llaitin I.at flu •aadlti ....... ~ •• ~ .... 1 ... 1oud lo• 
Fro;n tba ran .. of all c:ontrol: ...._ rut.LY wnlDIAWlf Maiaa allovaei. concrol 

rod 1.AHrUaa Uftai!ll ta. uial power iaMJ.ac.e 1- within U. l1ait1 of th• 
f 1 (U) f\mcUaa of tM O..rt..,.rnun trip. Wba the ui&l powr l.akl'1'c• 
u aoc wit!Ua t!lll toluimce. en. uial ,awr iabalaca effect on ~ 
0nn..,.ratun &t trip• will recbace tM Mtpoinu to PnTida protacUon 
c:ouuuat via con Mf•~ liaiu. 

2. 1. 2 wgpa C09bU!T mm rgssyu 

n. rucricUon of t!lu Wety I.Lait pnucu t.M inUp-Uy d ta. 
laaccn Coolallc Syn• f~ OT9rpnuu1uuaa and t.Mnat, prnau t.ba 
?'91 .... of ra41omacl1d&a caataiMd ua U.. rwcn cool.at fr. ree-hinc Ulla 
coatau-nt acm.,Mn. 

The rucUT pnann YUMl llMI pnuviau an duis-cl to Sec1:1oa III 
of tM A.SIG CoM fn INclur Pawr Plue wbidl penita a Mai.mm trau let 
prunn of UOI (273' pei1) of duip prunn. ?be luctol' Coolet 5y1t• 
pipiAC Mid fitcin19 an duisned to AllSI I ll.1 1955 S.U.tiae wbila tba valve• 
are clasisn-d to AMII I 16.5, "55•51•6'•1964, or A.llCI S.Ctiall Ill•19'1, which 
pemit uzw. tr.mi•C prunru of up to UOI UtU pai1) of camponenc 
duip pruwn. 'n. Safe~ I.ildt of 273.S pail u tbaftfon couinmst vtch 
CM duip cdt•ri.& UICI UMCi.atad coda requi~u. 

The •Ure laactol' Coolanc S19c. u ~caud ac 3107 p•il• 1"% of 
duip prunn, to d euau 1Autr1t1 Pl'in to 1.IUU.al openctc. 

INSERT C 

N 

F .1H 

RTP 
F .1H [ 1 . 0 + PF .1H ( 1 . 0 - P) ] 

Where: 
RTP F.ui is the limit at RATED THERMAL POWER (RTP) specified 

in the CORE OPERATING LIMITS REPORT (COLR) . 
N 

PF.e..H is the Power Factor Multiplier for F.1K specified in 
the COLR, and P is THERMAL POWER 

RATED THERMAL POWER 

Sal• • Unit 1 I 2·.'J. Alnl"dment No, 91 
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LIMITING SAFET" SYSi04 SETTINGS 

BASES 

Operation w;th a reactor coolant loop out of service below tne 4 
loop P-8 set point does not requ;,.. reactor protection system set point 
modification because the P-8 set point and associated trip wi11 prevent 
ONB durin 3 loop operation exclusive of the Overt erature ~T set 
po nt. ree oop opera t on a ave the oop set poi~ is !'e""; s 
1ibl1 1!t1r i-.11tt1Rg ~· l(l, K2 UIG l(J iRliJWCI ,, CA• Qvel"tem"el"atlil"e 
~! Cb6aaels iRd r1i1iRg t~I Q-8 llt ?01AC g9 iCI ~ lee• vallit. £" 
tnis "'89e ef e!ilerati!iA, ;Ae P 8 iA~l"la:Ek a~e tri~ ,~~etie~s as a M;~~ 

Overpow!r ~T 

The Overpower ~ T reactor trip provides as suranct: of fuc 1 integrity, 
e.g., no melting, under all possible overi:>owcr CC'lt1u1tions, lintits the 
required range for Overtemperature ~T protection. an~ µrovi~e! ~ bac~uµ. 
to the High Neutron Flux trip. The setcoint includes corrections For '~ 
changes ;n density and heat capacity of water with temperature, and 
·dynamic co~ensation for p;p;ng delays from the cor! to the loop temc:erat:..r~ 
detectors. No credit was taken for operation of this trip in the accident 
an1lyses; hO\lfever, its functional capability at tl1c specified trip 
sett;ng is required by this scecification to enhancei the overa11 reliabi1i':; 
of the Reactor Protection System. 

Pressurizer Pressure 

Tne Pressurizer H;gh and Low Pressure trips are provided to limit 
the pressure ran9e in which reactor operation is permitted. The ~ion 
Pressure trip is backed up by the pressurizer code safety valves fo~ 
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 loss of reactor 
cool1nt pressure. 

Pressurizer Water Level 

Tne Pressurizer High Water Level trip ensures protection agains: 
Reactor Coolant System overpressurization by limiting the water level. 
to a volume suffic;ent to retain a steam bubble and prevent water relief 
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• 
::MIT!NG SAFETY SYSTEM SET'!'!NGS 

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

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 ll percent of RATED THERMAL POWER, an automt&tic reactor trip will 
occur if the flow in any two loops drop below 90t of nominal full loop flow. 
Above 36t (P-8) of RATED THERMAL POWER, auto~tic reactor trip will occur if 
the flow in any single loop drops below 90t of nominal full loop flow. This 
latter trip will prevent the minimum value of the DNBR from going below the 
desi DNBR value durin normal o erational transients :K',a a.Atigipatea 
tF~sieats wneR 3 leep• a5e iR gperatigA l.Ad tA• ouert•~•5at~5• ~T trip se~ 
!]eiat is aaj1:lstea te eae val.we apeG:ified for al.l. lggp• iR gperati_QR W';i,c;.A. tae 
O""ree!ftl'H'ael:lre A'P u·ip sat pgi.Rt adj'.t8ted to th• ira.J II• specj fj •d for 3 1 oop 
gpera;;ioR, ;;A.e P a t5i.p at 79t lt.\l'l.C 'tKZ_JIJO..t. .-.OWZR wi.l.l.. pre,.eat tA• l'RiRiANM 
'"al'de ef el!e EH:SR freRI 9ei.ag mel.gw tne de•ig:zi CN:iR 1r&lY.• dy,riR.g RO:nMl. 
eperatieaal tril::ReieRt• a.Rd Ant;i,gip&Ced tr~•iecta with 3 loap8 jg operatioc. 

Steam Generator Water Level 

The Steam Generator Water Level Low-Low trip provides core protection by 
preventing operation with the steam generator water level below the minimum 
volume required for adequate heat removal capacity. The specified set1ioint 
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. 
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v+.1 uw1nn gaxA umy 

l It, 1.1 nez;gw .,.. !WJL 

SiW'!DCllS m.aaur - T > 2oo•r ., 

J. l. l. l 'fbe AU'fDCW ICUGill •hall be C!: -!-;ft Aki.Jilk:-

M:'flQllr 

With tM UIU'fbOWll KUODI < TI-M-Ak/~ 1.-•U.at•ly 1.llUi&t• ad continue 
boratioa at ~ l.1 9119 of a 1101'&Ci.oa eontaJ.A..l.A9 ~ I, !.O Psa bOron. Cle equhalent 
~n~il t!w reqwired ldUiDOW!I KAIGI• 1• "9tored. 

a. Within ou ~ atur dKeetion of an iaoper&bl• ocmt~l rod(•) 

and at lftat oeoe per 12 Dau• thenaftu wllil• tlle rod(I) 1• 
i.AoP91'Ule. If tbe inoperable control rod i• 1-o9abl• or 
unUippUl•, U. .-.,. nquu.d aaur:u<Atii M&mI• Rall be inc:naaed 
'by u -.naat at 1-.C equal ~ tbe wi~&wn WORb of the i.aaov&Ol• 
cu- wrtziftabl• =atrol rod<•>· 

b. tn\ea in MDDU l or 21 • a~ ~ one. per U hour• try ~ityUic; 
tb&t OGGtnl Mak vitblkav&l i• within U. 118it• el- Specif i.cat ion 
J.1.3.5. 

a. When 1a Jal 2#, witlli.D ' boun ~ior to aohi"ilMJ reactor 
c:ritie6litr bf ,,_.ify1.A9 U.t tbe pndJ.atecl critical control rod 
po8i.Cion 19 vitlliA ~ liait ... epe<:ific:&ti.On 3.1.3.5. 

IW1th JC«Aff .it l. 0 

lftith Ke~t < l.O 
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RE.ACTtVtTY CONTROL SYSiEMS 

SURVEILLAHCE REQUIREMENTS (Continued) 

d. Prior to initial operation above s: RATED THERMAL POWER after 
each fuel loading, by consideration of the factors of e below, 
with the control banks at the maximum insertion 1imit1t1' 

\-til---~~Sptcification 3.1.3.S. 

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

1. Reactor coolant system boron conce~tration, 

z. Control rod position, 

3. Reactor coolant system average temperature, 

4. Fuel burnup based on gross thermal energy generation, 

5. Xenon concentration, and 

6. Samarium concentration. 

4.l.1.1.2 nie .,vera11. core reactivity ba1ance shall be compared to 
oredicted values to demonstrate agreement within ~ l~ ~k/k at least once 
per 31 Effective Full Power Cays (EFPO). This comparison shall consider 
at least ~hose factors stat!G in Specification 4.1.1.l.1.e, above. 
The predicted reactivity values shall be adjustld (no1"m4Jized) to_corre
scol'.1d to the actual core conditions prior to excffding a fuel burnup of 
60 Effective Full Power Cays after each fuel loading'. 
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11.tCjTIJll"l qamQL OiiM 
.. 

MQPQUQI Tll'lR'nal msmc:xm 

• •• 
Bea'"""'''"'4. .• + 
:1 ili G' ~ b-b ':"", -ta'l~'ftelnt~lt-t:l..ilt-~lt--'J!'-ii~~ttt.-iltAt,&1:F-4fM-......... ~~ .... l--
(8<>L) L. ,.,.,'..:.. 

:-------..-.. 
t.lPLlCAULITX: ,l::tH:::t:: IJ:l:i:CI: ::: L-;'.: ;"!~,. 
ACTIOI: ~ 

a. Vleb die lCTC 90H podt1W d\a·aJ llatt pf J:iuiul A1 •h•11! 
o,.rat1oaa ln MODES l and 2 aay procaed pr .. idiecl: 

\ 

1. Control rM vtthdraval Uaitl are HWl11becl and u1nt&1Dld 

~!nf~f~i!ci~o~a~t~ce~renoro t1M tftC ce loH podtiw thaa c; wi chia 24 bov1 er M la llO! STAIDIT vt t!aia tho 
nut 6 boar•. the•• vt chdrawal Ua1 u ahall M 1B adltl tloa co 
die iuert1• Ua1 eit lpec1ficat1• S.1.l.~ .---ii-_, 

i /1 -tiie 

2. The coacnl rocll are uincaiDM vtebla che ric.bftaval llaiu cot.!-?, 
••~111be4 abp'ft until a l'lbaoq\Mat cal~latloe Y9r1f l•• 
that tbe m ~ MU re•torecl b ridala 1tl 11a1t for u.. •ll 
rocla ri Qclraft c0ftd1 ti•. 

3. A l,.cial bpen b prepared_. .w.itucl t• dae Comiuloa 
purnaac ce l,.cificati• 6.t.2 wt.Cla1a 10 ..,., deacr11tlq 
tM ftl• ., tM MUVM lftC, DI la&er1a coetrel rM 
wt.cWzawl l1ait.1 an& the p'CMlciM ..-ra1• ure lNrauf 
MCUHIJ fer H1terba the PMltiw la'C ta wt.thia ita llalt 
fee - all na wlcbftava c...&ltla. 

b. M 

'*Vltb '•ff irucar tba er ~ ta 1.0 

•S•• Special Te•t laceptioa S.10.3 
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within the limits specified in the CORE OPERATING LIMITS REPORT 
(COLR). The maximum upper limit shall be less positive than or equal to 0 ~k/k/°F . 
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REACTIVITY CONTROL SYSTEMS 
~~ui·~E~~LE cONfROL ASSEMBLIES 

LIMITING COtU>ITlON FOR OPERATION 

3.1.3.l All full length (shutdOwn and a:>ntrol) rods, shall. be OPERABLE and 
pos1t1oned within+ 12 steps (indicated pos1t1on) of their ~up step 
OJunter cte1111nd posTtion w1th1n one rour after rod 111>t1on. 

APP\.ICA8ILITY: MODES l• and 2• 

ACTION: 

a. With one or nare full length rods 1noper1bl• due to being 
f11111>vabl1 as a result of excessive 1'r1ction or ,..chan1cal 
fnt1rf1r1nce or known to be untrfpp1bl1, deterlll1ne that the 
SHUTOO.,. ~GIN requ1rell9nt of Spec1f1cat1on 3.1.l.l 1s satisfied 
within l hour and be in HOT STAN08Y within 6 hours. 

b. wt th nore than one ful 1 length rod inoperable or arts-al 1 gned from 
the CJ"OUP step counter dernand position by l'Ort than + 12 steps 
(indicated position), be in HOT STANDBY within 6 hOurs • 

c. wt th one ful 1 length rod inoperable due to cayses other than 
addressed by ACTION a, above, or mis-aligned fro11 its ~up step 
counter demand position by nore than .! 12 steps ( ind.icated 
position), PO\IER OPERATION may continue provided that within one 
hour tither: 

1. 

2. 

The rod fs restored ta OPERABLE status within the above 
a11gnll9nt requir111Wnts, or 

The re•1ndlr of the rods 1n the bink with the inoperable 
rod are al 1 gned to w1th1 n .! 12 steps of the inoperable rod 

in -1+.e cod~ wftfl• in in1n the rod sequenc. and insertion 111111ts M 
per £p~c - lt~!tt~trl:±:tm~:rl:~~he THERMAL PO\IER level shall be 
i~<c ... +<ori 3,/.3,. ,..stric:tad pursuant ta Specification 3.1.l.5 during 

1 _____ __. Jubsequ•nt operation, or 

3. The rod 1s declared inoperable and th• SHUTOO.,. MARGIN 
require .. nt of Spec:1f1cat1on 3.1.l.l is satisfied. PO\IER 
OPERATION 11111 then continue provided that: 

*See Special Test Exceptions 3.10.2 and 3.10.3. 
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PO§mCll nmtcmON SYSl¢ ~ 

LDUtD«i COICDmOM Joa OPllATIClf 

3.1.3.5 'n. control bank.I •ball be 
lfi1uu l.1 1 +Ml ,.1 I.I 

ACTIONz 

Wieh the control ~ inaerted beyond ti. abo9e iuertion liaiu, ucept for 
surf'9ill&nce t .. tinl purSUUlt to Specificatioa 4.1.l.1.2, either: 

a. luton ti. control Nnk9 to viehiA the liaiu Within two bours, 
or 

b. 

c. .. iA at luat 9D'f SUICDIY vi thin 6 boura. 

4.1.3.5 the politioa of each control bak •ball be detarained to be Within 
ti. inaertion liaiU at leut once peio 12 hour• by ua of the P'OQP d-.n4 
countai-1 ad ftTified by ti. analoa rod poaition indicator•" ucept durin1 
tim intervai. vha the lod InHrtiOll Liait Monitor t. inoperable, thm V9rify 
tb9 individu&l rod politiou at leut once per • hour•"· 

*S• Speci&l Tut lzc:eptiou 3 .10. 2 and 3 .10. 3 
*-?or pow.io leftla t.low 50: one hour char.al "soak tim" 1• permitted. 

Durin1 Chi• soak t~. ti. abaol11ta valu. of rod mtion 11 liaited to six 
1tep1. 

IWith '•ff ~re.tar Chml or eqv.al to 1.0 
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j, ,u::~l C"': • ."JX C: :"~::'l~: ( ~~0) 

I 

3.Z.1 Tht 1nd1Q1t1d AXIAL FlUX OIF~~ENC~ 
wit!'linla ''• 9_ target bind '!ne tar-;et ~ux 
diff1r1nc1. O.Ci spu.:~~ed i" ~t. coRE 

0Pc-1u,., ~'1 UM 1i'S KcPoRT (C.()LR) 
APPL!C~SIL!TY: MOOE 1 ABOVE SO: RAi!~ THEPJ1AL POWER• 

1. W1th the indicated AXIAL F'i.!JX OIFrER!SC! outsfdt of theiffiii] 
11mi ts and with TlofEmL ~WE~: 

Abovt go: of RATED TlofE~."IAL POWO, wit1'd:-:-1:15..!llf1'1uttt: 

1) E1thtr rutort the indicated AFD to within the 
tu·g1t band 11mi ts, or 

b) Reduce THE~Ai, POW£R to 11ss than 90: of RATIO 
THERMAL. POWER. . 

BttwHn so: and go: of RATIO Tlof£~m POWER: 

POWE~ O.OEMTIOM may continut Dl"OVfdtd: 

1) Tht indicate AFO ~as not bttn outs1dt of tMt 
lliii 11mits for mcrt than 1 hour Dtna1 ty 
dtv1at1on cumulative during tht Dr'tvious 24 
hours, and 

Tht 1nd1c;~;r AFO 1s wfthfn · tht 1f•fts &Jiioom Oiii IG'T" 3.--:. Oth1rwi11, rtduct TlofERMAL POWU 
tss tNn SO: of RATED TI;E~ POWER wftl'lfn 

~ minutes and r'tduc1 tht Powtr Range Htutron 
F'1 u1-H1gh Tr1., Stt=o1nts to <55: of RAiED 
THERMAL POWER within tht next 4 nours. 

Surv1i1lanc1 testing of tht Powtl" Range Ntut"l"On F1ux 
~nntls 11111 bt Dtrforrntd DUl"Su&nt to SDtCification 
4.3.1.1 .1 rovi d tht 1ndi'\tld AFO fs 11&fnt1in1d 
w th1n 1 111 s l•f Fh111re • •t A tctl1 of 16 
hour-s ODtratfon may bt 1ccumul1ttd witll the AFD 
outside of the target band during this testing 
without Dtn11ty deviation. 

19S•e SDtCial rest EACll)tion 3.10.2 
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POWER DISTRIBUTION LIMITS 

LIMITING CONDITION FOR OPERATION (Continued) 

b. 

c. 

THERMAL POWER shall not be increased above 90% of RATED THERMAL 
POWER unless the indicated AFD is within the ~eev~,1imit and 
ACTION ~!a) 1), above has been satisfied. ~~ · 

sp~c.1~ Je.4 , fl +he:: Q;;:_o L fl. 
THERMAL POWER shall not be increased above 50% of RATED THERMAL 
POl~ER unless the indicated AFD has not been outside of theaa:!sooAj 
limit for more than l hour penalty deviation cumulative 
during the previous 24 hours. 

SURVEILLANCE REQUIREMENTS 

4.2.1 .. l The indicated AXIAL FLUX DIFFERENCE shall be detennined to be 
within its limits during POWER OPERATION above 15% of RATED THERMAL P.OWER 
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 fir.st 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 Alann is inoperable. 
The logged values of the indicated AXIAL FLUX DIFFERENCE shall 
be assumed to exist during the interval preceding each logging. 

4.2.1 .2 The indicated AFD shall be considered outside of its limits when 
at least 2 of 4 or 2 of 3 OPERABLE excore channels are indicating the 
AFD to be outside · . . . Penalty deviation 
outside ·shall be accumulated on a time basis of: 

'-LL-----i\ 
a. One minute penalty deviation for each one minute of POWER 

OPERATION outside of the limits at THERMAL POWER levels equal 
to or above 503 of RATED THERMAL POWER, and 

b. One-half minute penalty deviation for each one minute of POWER 
OPERATION outside of the limits at THERMAL PO~ER levels below 
50% of RATED THERMAL POWER . 
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OWER DISTRIBUTION LIMITS 

EAT FLUX HOT CHANNEL FACTOR-F 

IMITING CONDITION FOR -OPERATION 

3.2.2 shall be limited by the following relationships: 

F (Z) ~ [2p32] [K(Z)J for P > 0.5 

rr---

an · is the function obtained from 
given 'ore height location. 

APPLICABILITY: MODE 1 

ACTION: 
.. 
~: 

With FQ(Z) exceeding its limit: 

a. 

b. 

Reduce THERMAL POWER at least 1% for each 1% F (Z) exceeds the 
limit 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 6T Trip 
Setpoints have been reduced at least 1% for each 1% F (Z) 
exceeds the limit. The Overpower 6T Trip Setpoint re9uction 
shall be performed with the reactor in at least HOT STANDBY. 

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 f Q(Z) is demonstrated throug~ incore mapping to be 
within its limit • 
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INSERT E 

F~ ( z) < F~rP * K ( z) for P > 0. 5, and 
p 

F ~ ( z ) < F~:-? * K ( z ) for P < 0 . 5, 

0.5 

Where F~TP = the FQ limit at RATED THERMAL POWER (RTP) specified in 

the CORE OPERATING LIMITS REPORT (COLR), 

p = THERMAL POWER 
RATED THERMAL POWER ' and 

K(z) = the normalized FQ(z) as a function of core height as 

specified in the COLR . 
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PO~ DtST'RI!UTtON LIMITS 

SURV£ILLAHC! REO!JlR~EHTS 

•.Z.2.1 The pl'"Ov1sians of Specification •.O.• art net app1icablt. 

•.Z.Z.Z F 
1 

snan bt tvaluatld to Otttf"Wl1nt 1f F
0

(Z) 11 w1tl'lin 1u 
H11it by: y 

&. 

b. 

c. 

d. 

Using thl inovablt 1ncart dtt1ctars to abta1n a pawer d1striby· 
t1at1 •P at any THERMAL. ftOWIR 9"'&ttr tnan 5: af RATtD THERP'.AI. 
.-OWER. 

Inc,..111ng tht 1n11s~ F c~ntftt of the power d1str1~tian 
..P by l: to 1ccout1t far llnufac~ing tol1r1nc11 and furV\1r 
1ncreas1ng the value by s: ta account far .. 1surt11ent 
unctrtl 1nt111. 

CQlll;11 ring Ult F iy c~uttd ( F ,; ) abtl 1 ned 1 n b, abovt ta : 

1. Tht F
1 

l'im1 u far RATtD THEM\!. POWER (;RT") for tftt 
1 . . •Y 

z. 

apprapr11t1 measured core planes given 1n t and f below, 

and 

Tht rt1at1onsh1p: 

F L • FRTP 
11 '1'1 

when F 
1

; 1 s the 11111 t far fract 1ona1 THE 01'~ 
operation expressed u a function of ~ and P 1 s 
the fraction of RATEi) THE1tMAL POWER at wtiicl'I F11 wu 

••sum. 
R111e1suring F

11
1ccordint ta the following schedule: 

1. When F C is ~tater thin tht ~ 11m1t for the appropriate 
1y xy L 

mtasund cart plant but less thin tht F
11 

r1l1tion1hip, . 
additional power distribution 1111ps shill bl taken and 

F1; c~artd ta F!;' and F1; : 

1) Either within 24 hours after excttding by zcn cf 
~~~£0 TH£iU'!~L PO~£~ or gr11t1r, the TH£iU'.Al POW£~ 

at which F C was 11s~ aeteMn;ned, or 
l'f 
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POWE~· DISTR IBUT IO~ LIM ITS 

SURVEILLANCE REQUIREMENTS (Continued) 

•• 

f. 

b) At least once per 31 EFPO, wr chever occurs first. 
. C RT? 

2. When tne Fxy is less than or equal to tne Fxy limit for the 

appropriate rneasur~ core plane, additional power distribution maps 
C ~TP L 

shall be taktn and Fxy compared to Fxy and Fxy at least once 

per 31 EFPO. 
RTP 

Tl'lt Fxy limit for Rited ThtrN1 Power (Fxyl shall be provided for 
111 cort planes conta1n1n: bani •I)" control rods and 111 unrodded core 
planes in; ~ad11l ?eakie: ~aeto~ k;~;~r spec1f1cat1on 
6.9.l.9. 

The Fxy limits of e, above, art not 1pp11ubt.. ~~: tht followin~ core 
plant regions as 11111surtd in percent of cert ht1ght frOll the bottom of 
tl'lt fuel: 

l. Lower cort region from IJ to lSS inclusive. 
2. Upper c:ort r19ion from 8~ to 1001 1nclusht. 
3. Grid plane regions at 17.~ + ~'• 32.l + 2,, 46.' .!. 2', 

60.6 + 2' and 7,.9 + 2' 1ncTusivt. -
4. Cort Pl•nt regions within + 2' of core height (+ 2.88 1nc:l'les) about 

the bank dtmand position o7 the bank •11' controT rOds. 

g. Ev1lu1t1ng tht tfftc:ts of F11 on FQ(Z) to dettnnine ff FQ(Z) is 
C L 

ts within its 11•1t whenever F11 uc:ttds F11 • 

I 
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'°"'Jll O!STRI!t~:ON ~~ITS 

NUgLU prry..t.PY ROT ~ FAc:'OR • r°" 
:.1i 

t.nITTING CONPIDON 10R OP!JlAT!ON 

3.2.3 ,M41 •ball be liait•d by th• follovin1 re~tion.hip: 

,...Al s 1..5 

vhar · P • 

:NS£RT 
c 

f-1£. RE. 
.yruc.unm: ~1 1 

ACII~z 

With r"41 ucaediAI i u liai t : 

&. Jladuca Tl!llUL POW!I CO lHI ~ .50% Of IATIJ) TIDMIJ. POliD Within 
2 hour. and reduce the Pov.r ll&n1• N9utroa Fluz·li1b Trip S.tpoints 
to s .5.5% of IA.TIC "t'!!JUW. POWD vithin ~ nut • houri, 

b. o..on.trat• thr\I in·core uppin1 that ,Md i• Vi.thin iU liait vithin 
2• hour• afU1:' uc .. dinl the liait oio rnuce 1'BllMAl. POliD to l•H 
than .5% Of JA.TID T'!DMAL POW!I Vithin tM nest 2 houri, and 

c. Id8ntify and coTTact tha cauae of ~ ~ of liait condition prior 
to incnainc Tllm'W. POWD abo'99 U. reduced liait required by a. 
o; b. abaft~ subH~t POWD OPDATION MY proceed provid•d th&t 
r~ 11 ct.DnltraUd throush 111-core uppiq to be Vithin iU li.lllit 
ara ncwtn•l 50% of IAT!D 1'IDMAI. PCUD PTioio to ucHdinc this 
TIDV.L PCWll, at • noain&l 75% of um Tll;ltW. POWEi prio1:' to 
uc .. dinc thi• TlllHA1. power and vithiA 24 bour8 aftar att&inin1 9S% 
or P'Mtar um 'tlDKAL POWD. 

INSERT C 

!'< RTP 
F .l.H = F ~H [ 1 . 0 + PF ~H ( 1 . 0 - P ) ) 

Where: F: is the limit at RATED THERMAL POWER (RTP) specified 
in the CORE OPERATING LIMITS REPORT (COLR) . 

N 

PF.1H is the Power Factor Multiplier for F'1H specified in 
the COLR, and P is THERMAL POWER 

RATED THERMAL POWER 
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Reactot> Coclant Syst• Tavs 

PT•••urizer ~ .. 1ure 

Reactor Cooant 51'1t• f 
~ 
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1. L.oop1 In 
~ Operation 
~~--..... sisu·rl 

~fHHlp1ia• 
~1~57.iHl Ii-I 

31.-J 1,coo 

*Liait not applicabl• ch&rin1 either 't'l!JallAL POWll r.., inCl'1t&a• in exce11 of 
5% IATID TIDttAL POWll per aimlc.e or a tlllttAL POWll atep incnu• in excess 
of 10% IAl'ID t111tW. POWD • 
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)/4 1 1 1 end J/4 1 1 2 StfilIQQl!'N :MACIM 

A 1u!ficienc SK\J"Tl)()WM ~CIN •n•ure1 ch•c l) c~e re•ccor c•n be ••d• 
1ubcricical !ra• all operacin& condLcLoru. 2l :he r1acc1v1cy craniienc• 
a11ocia:ed v1:~ po1culaced accidenc condicLoru are conc:ollable vich 1n 
accepcabl• limic1, and J) cha r••ccor vill b• maincained 1u!!iciencly 
1ubcricical co preclude i~dvercenc cr1cic•l1cy in che 1hucdoWT\ candician 

SHl.i'Tt>OW'M ~CIN r1quir1 .. nc1 vary chrou&ftouc core 11!1 01 a !unc:ian 
of f'Yel depleC10ft, lCS boron conc1ncraci0ft, and lCS T•v1. The 901C 
re1cricCiY9 cond1C1on occur• ac EOL. vic!l Tav1 ac no load operacin& 
ce.,eracur1, and 11 a11ociac1d vic!l a po1~lac1d 1c1aa line break accid•nc 

~ and r11ulci~ncroll1d ICS cooldowa. In che analy1i1 of Chi• accidenc 
~ a •lni8\18 s WC:ti o(Eii) Aklk 11 1n1Udly required co concrol ch~ 

reaccivlcy cr..uianc. Accordin1l7, che SMUTOOWM ~ct• r1q\lir1 .. nc 11 
b .. ed upon chi• l1a1ClftC cond1cion and 11 cent11c1nc vieh FSAI ••f•cy 
analy111 a11~ciefta. ~ldl Tav~ 2oo•r. c~ r1acc1v1cy craru11nca 
r11ulcin1 fro. a po1culac1d 1c1aa line break cooldovn ar1 a1n1aa1 and a lt 
t:Jt.lk 1hucdovn ur1ln pro•icle• adequu1 prouccin. 

U+ l 1 4 t!PQWTQI TRSPWMI CO!Wt:XR!T CMTCl 

Tha liaicacietY °" ICTC are provided co •ftlur1 cl\ac ~ value of chi• 
coeff1c1enc r1 .. 1na vichin :he lia1Clft& cond1c1cm a11uaed ln che accidenc 
and craftl ienc anal7111. ,c 
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Titt KTC value1 of-thi1 specification art applicable to a specific set of 
plant conditiona; accordin1ly, verification of KTC valuta at condition. other 
than those explicitly atattd vtll require extrapolation to those conditioru ic 
order to penait an accurate comparison. 

Titt 801t negative KTC value equivalent to the 801t positive moderator 
density coefficient (MDC), vas obtained by incrementally correcting the MDC 
used in the FSA! analysis to nominal operatin& conditiona. 'nlese corrections 
involved: (1) a conversion of the MDC used in the FSAI. analy1i1 to 1~ 
equivalent KTC, ba1td on the rate of change of llOderator dtnaity vith 
temperature at RATED nlERMAL POYER. conditioM, and (2) 1ubtracting from this 
value the largest differences in KTC observed between EOL, all ro~ vithdra'tt'll, 
RATED THERMAL PO\lEl condition., and those ao1t adverH conditiona of moderator 
temperature and pressure, rod insertion, axial power akewin&, and xenon 
concentration that can occur in nor11al operation and lead to a 1ignificantly 
more ne ative EOL Kl'C at RATED niERMAL POV!ll. TbtH corrections transfo~ed 
the MDC v~1u• used in the FSA! ana ys 1 nto t • ~ n KTC value • .i 
4 I 4 " 19 tie lea •,r.rr. 'R\t KTC val'IM •f i I 7 • 10 MlH k/ll/9F 

HpHHftU • ••R•trvat1¥t 'Y&l'IM (v1th 8H"H•ChM fH lllwANp e4 telW.lt 
~orea) ee a eert e•IWllll•• •f JOO pp• ·~~ilV.~1um ~•r•n eoneentraelon and is 
·~taiAtd ~, •akiAI th••• Q8;;1oti0Aa to ,~. 1S..iC1RI ac:;c valYt ,_ 
4. 4 • 19 l!lt ha k/k/9 F. 

Tite surveillance r1quirtment1 for measure .. nt of the HTC at the beginning 
and near tht end of the fuel cycle art adequ.te to confira that the MTC 
rem.ins with its liaits since this coefficient chan,es 1lovly due principally 
to the reduction in RCS boron concentration associated with fuel burnup. 

3/4,l,l.5 MINIMUM TEJPE&\'DT&E FQR CBITI<:ALITX 

1111• specification erwures that th• reactor vill not be aade critical 
with the Reactor Coolant Sy1tea av1ra1e temperature leis than 54l~F. 'n\ia 
limitation i1 required to ensure 1) the moderator temperature coefficient is 
within its analyzed temperature ran1•. 2) the protective instrumentation is 
within its normal operatin& range, 3) the P·l2 interlock ia above its 
setpoint. 4) the pressurizer is capable of being in an OPERAILE status with • 
steaa bubble, and 5) the reactor pressure vessel is above it• mini11Ua 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 l B 3/4 1-2 Allendllent No. 113 
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3/4.l.2 BQBATIOR SXSTIMS 

The boron injection •y•tem •n•ur•• that neqativ• r•activity control i• 
availa.bl• during each mod• of facility operation. Th• component• required to 
perform thi• function include: l) borated water •ourc••, 2) charging pump•, 
3) ••pa.rate flow path•, 4) boric acid tran•f•r pump•, and S) an emergency 
power •upply from OPSRABLB di•••l generator•. 

With th• RCS av•raq• temperatur• ~ Jso•r, a minimum of two boron 
injection flow path• are required to •n•ur• •ingle functional capa.bility in 
the event an •••umed failure render• one of th• flow path• inopera.ble. The 
boration ca a.bilit of either flow path i• •ufficient to provide a SBUTOOWH 

MARGIN tro.r-.xpected operating cond'?'t:ion• of delta k/k after xenon decay 
and coold01iom to 2oo•r. Th• maxi.mum expected boration capa.bility (minimum 
boration velum.) requirement i• ••ta.bli•h•d to con••rvatively bound expected 
operating condition• throughout core operating lif•. The analy•i• &B•Wllf.IS 

that the mo•t reactiv• control rod i• not in••rted into th• core. Th• maxi.mum 
expected boration capa.bility requirement occur• at !OL from full power 
equilibrium xenon condition• and requir•• borated water from a boric acid 
tank in accordance with TS P'iqur• 3.1-2, and additional m&Jceup from either: ;c 
(1) th• ••cond boric acid tank and/or batching, or (2) a maximum ct 41,800 
gallon• of 2,300 ppm borat•d water from the refueling water •tcrage tank. 
With the r•fueling water •torage tank a• the only borated water •cure•, a 
ma.xi.mum of 73,800 gallon• of 2,300 ppm borat•d water i• required. However, to 
be con•i•t•nt with the !CCS r•quirem•nt•, the RWST i• r•quired to have a 
minimum contained volum9 of 350,000 gallon• during operation• in MODES l, 2, 3 
and 4. 

Th• boric acid tank•, pump•, valve•, and piping contain a boric acid 
•elution concentration of betw .. n 3.75\ and 4.0\ by weight. To •n•ur• that the 
boric acid remain• in •elution, th• tank tluid temperatur~ and th• proc••• 
pipe wall temperature• ar• monitored to •n•ure a temperature of 53•r, or above 
i• maintained. The tank fluid and pipe wall temp-9ratur•• are monitor•d in the 
main control room. A 5°P' margin i• provided to •n•ure the boron will not 
pr•cipitate out. 

Should ambient temperature decr•a•• below 63°P', the boric acid tank 
heater•, in conjunction with boric acid pump recirculation, ar• capable of 
maintaining the boric acid in the tank and in the pump at or above 63°F. A 
small amount of boric acid in th• flow path between th• boric acid 
recirculation line and th• •uction line to the charging pump will precipitate 
out, but it will not c&u•• flow blockage even with temperatures below 50°F. 

With th• RCS temperatur• b•low 350°?, on& injaction =ymtcm i= acceptable 
without single failure con•ideration on the ba•i• of th• stable reactivity 
condition of the reactor and th• additional restriction• prohibiting CORE 
ALTERATIONS and po•itive reactivity change in the event the •ingle injection 
system becomes inoperable. 
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·POW!R DTSTRIIUTTON L!MTi'S · 

31«.2.2 and. 31«.2.3 HEAT nux AHO rrueu:.u Dm<ALPY MOT ~ APC1) 

RACIAL PEAKING FlC'TORS-

F0{Z)1 ~AH and F 
9

(1) 

Tht Hll'fts on hut f1ux and nuc1tar 1ntt\11py hct channt1 faetz)1"S 
tnsul"I that 1) tht dts1gn 11111ts on puk 1oe&1 pawer density and 11'1ni-= 
DNBR .,.. not txettdtd and Z) 1n thl tnnt of 1 LOCA the Pllk fut1 clld 
ttmptratul"I wi11 not excud the Z200~F ECCS 1cctpt&nct cr1ur1a Hait. 

Each of thes1 hot d\annt1 facto1"S art •u"1"Ult but will no'P'IDl11y 
on1y bt dttt1"'11rintd per1odica11y as sptc1f1td 1n Spec1f1Cltions 4.Z.Z and 
'.2.3. This periodic survt1111nc1 1s sufficient to 1nsurt that the hot 
chaflne1 factor 11111ts &1"'1 mainta1ntd p~dtd: 

a. Cofttro1 rod in a s1n~it 91"0~ 11ev1 to;tthtr with no 1ndiv1dua1 
rod 1nsti-t1on d'f fftrin; by ..,,.. than !. 12 staps fr= tilt 91"0~ 
dtmand position. · . 

b. Control rod ;ro~s· are sequenced w1th Ovtf'1&pp1~ ;i-oups u ,c 

described 1n Specif1cat1on 3.1.3.5. 

c. The ~tro1 rod 1nsei-t1on Hmits of Spec1f1e&t1ons l.1.3.4 111d · 
l.1.3.5 &rt 811ntained. 

d. The uia1 powr distribution, txPf'IUed 1n tl1'111 of AXIAL NIX 
DIFFERENCE, 11 Mintained within the 1181'tl. 

The "1axation 1n ~ 11 1 f1mct1on of 'TMDMAL P6wER a11cws dl&n;es 
ia the rad1a1 power shlPt"for 111 pennhs1b1t rod insertion 11111ts. 
r~M wi11 bt aa1nt1in1d wt thin its 11m1ts Pf'Dvidtd cand1t10M a th"' d 
IQOYt 8 11"'1 lll1nta1fttd. 

When an F •HuT'tmnt 11 taken, both •Xi>irl•nta1 '"'"''" and 1111n
ufactur1n; toliranc1 n.ist bt a110dd for. 5~ 11 the ~propr1att a11owanct 
for 1 fu11 co" llllP taken w1th the 1ncc?'t d1t1ctor f1ux •PPin; system and 
34: is tne •PP'l"'OPr11t1 a11owanca fer •nu'facti,,rin; to1eranct. 

When ~H is 111uured, ~perimental tM"Or .Ust be allowed fer and (: 
ii tht 1pprApr11t1 a11ow1nc1 fer a fun CO'°!ft'llP taken w1th tht 1nccn"t 
detectien systtm. Tht spec1f1ed-11mit for r:M 1110 contains an~ 
a11Cll'lnct fo,. uncertainties which 1111n tft&t Aa1"ml1 ope~ation w111 riesu1t 
in ~H !.~1.08. Tht ~ a110~1nc1 is based on tht following consider&· 

--~t--io : w~ .. l=b~ is 1'.,e /;.,..,;f ot RAr&O Tl4E~MAL PONtR (E;1"P) 
-....;;;._____. S e.c1Tr Ml'T C.OL'R ). 
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?OWE~ O!STR 18 Ui !ON llr·; !TS 

BASES 

1. 1cno~l p1rtur01tions in tnt r1a11l gowtr sn1g1, sucn 1s from ~oc 

miulignment, effect FN~ fll:>l"t directly tl'lan 1=0. 

o. 1ltnou9h rod l!l>v11111nt l'llS I d1r1ct 1nflu1nc1 upon limit1n9 f=J :o 

witl"lin its limH, sucl'1 control is not rua11y 1v1il1blt to 11m1: 

F N ' ind 
.1-j 

c. trrors 1n prtd1ct1on for control power Sl'llPI dtttettd during su,.tuc 

physics test c1n De CQllPtnHttd for 1 n Fo by rtstr1ct1 ng uil 1 fl u1 

d1str1but1ons. Tlt1s c~ens1t1on for FN 1s less rtld11y 
1.H 

1v1111b 11. 

The r1d11l p11k1n9 factor F11 (z) h •uur1d p1riod1c11ly tc provide usur1nct <;:fjiLR) 
tl'llt tr,1 hot c:t11nn1l factor, F

0
(z), r1111ins within its l1•1t •. Tht Fxy limit ) I 

for R1t1d Thtl"'llll Power (FQ"'J, IS provided in th1IA1•hl P1t1i1i1111 ~uu11 ~1111it\ 

IA1port! per spec1ficat1on 6.9.1.9, •IS dtttr'lll1ned frc. t.xiteetld power control 

•nu1Uv1rs over the ful 1 1"1n91 of burnup conditions in the eare. 

31' 2.' OUA~AHT POWER TILT RATIO 

The qu1dr1nt power tilt r'lt1o 11111t 1ssurts that tl'le l"ld11l power 
d1str1but1on sat1sf1es tl'te des1gn ~•lues usld 1n tne powtl" e1plb11ity 1n1lys1s. 
R1di1l power d11tr1but1on .. asurllllflts are 111dl dur1nt 1t1r'tup testing 1nd 
p1r1od1c111y during power 0119r1t1on. 

The 1 hrtt of 1.02 at .ttfd\ corrtctht 1cti0ft is requ11"td provides CJt8 ana 
.l1n11r heat generation rate pl"Ottct1on •1th 1•1 plane power t11ts. A limiting 
t 11 t of 1.025 can bl tolerated ~fore the Nrgi n for unctr'tl1 nty in FQ is 
d•Pltttd. Tht 11•1t of 1.02 was selec:tld to provide 1n 1llow1nct for tl'le 
unc1rt1inty 1ssoc11tlld w1ttl tl'I• 1ndtc1tld power tilt. 

The two hour' t1111 1llow1nc1 for operation with 1 tilt condition greater 
tl'l1n 1.02 but less than 1.09 11 prO\lidld to allow idlnt1f1c1ticn 1nd correction 
of 1 dropped or ~;s111gnld r~d= In tne 1vent sue~ Action does not correct tne 
tilt, tnt urg; n for unctrtli nty on FQ 1 s rti nsuttd by rtduc1 ng tht power Cly 
3 percent fra. RATED THERMAL POWER for HCh peretnt of tilt in HCISS of l.O. 
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3/4.4 ~EACTOR COOLANT SYSTEM 

··BASES -
3/4.4.l REACTOR COOLANT LOOPS ANO COOLANT/CIRCULAT!ON 

The ghnt 1s designed ta operate •1tti}ill ructor coohnt loogs in 
operation, andllftlinuln BNIR 1!201 1.Jgj1'urin9 111 rcH'Nl oper1tions and 
1nticip1t1d tr1nsi1nts. ln lllOOES land &•itl'l llSS than 111 coolint loops 
1n a~r1tion 1 this specif1cat1on requ1ru t,,lt tn1 phnt t>t in It lust ~OT 
STAN08 Y w1t"1 n l l'lour • 

ln MOO£ 3, 1 single re1ctar coolant loop provides sufficient !'\tit 
rer.anl for remv1ng dlei.Y P'll~t; but, s1n·911 failure considerations rtquirt 
111 loops bl in operation wnenever tM rod control syst1111 is tnergiztd and 
at least one i,,op bl 1n operation wnen the rod c:antrol syst .. 1s 
dMnergiztd. 

In MOOE 4, 1 single reactor coolant loop or RHA loop provides 
sufficient Mlt re11av1l for r111aving dlc1y P'll1t; but, single failure 
cons1cSerltions requ1rt t"•t It l11st Z loops bl OPEWLE. Thus, if t"e 
reactor coolant loops are rmt OPERABLE, tn1s spec1f1cat1on requires tn1t 
tl!G RHR 1 oops bl OPERABLE • 

In 1«>0£ 5, single failure considerations require tn1t t.o RHR loops bl 
OPERABLE. The l)l"Ov1s1ons of Sections 3.4.l.4 and 3.9.8.2 (SMr19r1pn (bl of 
footrmte (•)J .mien permit one service water P'llld.,.. to bl out of service, 
art based on tnt fo 11 ow1 ng: 

l. Thi period of t1• cturit19 wh1c" plant operat1ot1s rely upol'I tP'll 
provisions of tnis footrmt1 sft1ll be l i•1ttd to 1 cul'l.llat1ve 45 days for 
any single aut191, and 

Z. The Gu Turb.ine sft1l l bl oper1Dle, H a .backup ta tM diesel 
91ner1tors, in tlle event of 1 loss of offs1tt po .. r, tD supply the 
1pplic1ble loads. The basis far OPERAllLlTY is one succ:assful startup of 
the Gu Turbine I'll 11Dr1 tttan 14 days prtar to tftt blg1t1n1ng of the Unit 
ouuge. 

The operation .of one Reactor Coolant Pu""' or OM RHR Pump provides 
1dequ1e. now tD ensure 11h1nt, prevent strat1f1cat1on and pt'octuc:a ~1du1l 
ructh1ty d'l1n91s durint Baron concentration 1"9duct1ons in tM Rueter 
Coolant Systltl. The.1"9act1v1ty ~1n91 r1t1 11soci1t1d wit" Boron 
cancet1tr1t1on reductions w111, tner1for1, bl w1tl'l1 n trte cap1t11l 1ty of 
operator reco9n1t1on and mntrol. 

The restrictions on starting a R11ctar ·Coolant Pump below p.7 witft '"' 
or mr1 RCS cold legs less tft1n or equal to 31Z9f ar• pro-:1ded to prevent 
RCS prHSUl"'I trlMients, CIUHd by lntr~ ldd1t1ons fro• tne SICDl'ldlry 
syst .. , wnid'I cauld uCHd tl'le limits of Appendh G to llXFR Part 50. The 
RCS will bl protected ·191iMt overpr1ssur1 tr1ns11nts and will ,.,t exceed 
tne l11111ts of Appendix G Dy titl'ler (1) restricting tne water ~lu• in tftt 
pr1ssur1zer (tl'lereDy providing 1 ~lu• into wftieft the pri .. ry coolant can 
expand, or (Z) Dy restr1ct1ng tne starting of R11ctor Coolant PulllC!S to 
tl'last ti1111s .men sec:anc:11ry water t.mptrature 1n 11cl'I stu• 91Mrator 1s 
less tft1n S09F &Cove 11cn of tftl RCS cold 11g t1111P1r1tures. 
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a. In accord&DC• with the coda r•quin .. nc. •,eciflacl 111 Sactioa 4. l 
of tba rua, with allowance for norul da&radaticm purnanc to th• 
applicable Surveillance bquir ... nu, 

b. For a pr••sur• of 2415 P•i1, and 

c. For a tempera cure of 6'0• r, ezcepc for the pr•••uri.z•r which i. 
6&o·r. 

mwg 

. 5.4.2 tbe total water and •ta- ~1'99 of the reactor coolant ay•tea h 
.---~--.fi•.•11*1A41.cu111.c , ...... -1 ... 1 TPI off5H.tr~~,,,,_..., .... 
12.}IY(i,± Yzto ,,, uu••mq;x<;er mm LQCATIQI "@13 .o} 

• 

.5.5.1 'l'be.•teorolo1ical towr •ball be lOCAc.d u abow on Plpan 5.1·1. 

'?' nm. mw•e 
c;amQLITY 

5. 6 .1.1 ?be new bl •torqa racu an de•i&md &Dd mall be aaincainad ;c 
vtth: 

a. A .alma X.ff aquiftlant of 0. 95 wtda die •torap racb fi~ 
vi.ch \lllborated water. 

b. A mwinel 21. 0 1DCh cnur· to·cacar clUcwe bet:wMD ml 
uHllblle•. 

c. A v1d•• uD!.rradiatacl f\191 uaembly nric:lmnc.ot 4 • .5 v/o U-235. 

5.6.1.2 !'be 8f9GC fuial atorap racu an dulpM aDd aball be maintained 
vttb: 

a. A ..aiala laff aqui.,-alent of 0.95 vitb the atorap racka filled with 
uaborated water. 

b. A anmjul 10. 5 1nch center· to-cancer diatw• be1:WHD Ml 
umombllu acond 1ll lapon 1 (fia crq en-> raca. 

c. £ -inel 9.05 inch ceater•to•centar dlatwe MC9HD fuel 
u..mll.e• •COnd 1ll a.as.on 2 (nan-nm crq) racka. 

d. ~1 uc~ll•• t1toncl in l'lapon 1 racu abal.1 -c ona of ch• 
follariq •toraa• coutrainu. 

1. Unirradiated fuel ua.-U•• vtth a uxlwm enricbMnt of '" 25 
v/o U·2l5 h&V9 unr••tr1cted •tor•&•· 
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d. Sa:m ot wuta am PI™in; ~O'.r-.d <•·9. , ~ lpB'1t 
r.E.n, ~ dry wut.e, 9YBp:l:Catar t:iat:t.c::m) , 

e. Typa ot OCl"ltainmr (e.c;., Ia, 'I»- A, 'I»- 9, ~ Oantity), an:1 

t. Sclidific:ati.cn ~er •tw:'LlAnt (e.c;., wit:, ~ taaal.~). 

'I!w pr!icwct.iw Ufiu.tt Ral.._ ~ta mh&ll in::ludm a lat ot dma'iptiaw 
ot ~rel-- tral th9 aita to WDUCI!I> M!'M ot ndicactiw 
mtc'i&l.8 in c;,eerm ard lJ 9 1 id etnumta _. cD-in; tm np:rt.in; pciod. 

'I!w pr!iowtiw !ttl.US!t :All•• ~ta llhall in:llm 1I1Ff ~ md9 cU'in; 
tha npzt.inJ ~ to tb9 PID"!$S a:tfDIX. fR 13'M (Pa') m1 to tm Oil'SIT!! 
rem: ~ MMmI. (CXQ() , • wll • a u.t.in; ot ,_, loc:atiaw far d£:ma 
caJ.cW.at1crm mvcr ~ ID\itcrinJ i.dlntJ.fi..s by th9 lm1 ~ c::sw.. 
~ to Spriticat.icZ\ 3 .12 .2. 

I 

6~~·-· . J'Wit 
.. ~. it vill be 

6.9.2 9prrl•l Zapata lball ta m.it;t.s tD tba tJ.S. RrlMr ~ 
0:-1•1m, Dan rt o:ad:Nl o.k, ~, D.C. 20955, vi.th & c=piJ to the 
~. tllR: Rll;im I vi.thin tm tm. pciaS tpCitie rar Md\ 
twpzt. 
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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 3/4.1.1.4, 

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, FQ, its variation with core 
height, K(z), and Power Factor Multiplier PFxyi Specification 
3/4.2.2, and 

5. Nuclear Enthalpy Hot Channel Factor, and Power Factor 
Multiplier, PF8 H for Specification 3/4.2,3. 

b. 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. 

2. 

WCAP-9272-P-A, Westinghouse Reload Safety Evaluation 
Methodology, July 1985 (N Proprietary) , Methodology for 
Specifications listed in 6.9.1.9.a. Approved by Safety 
Evaluation dated May 28, 1985. 

WCAP-8385, Power Distribution Control and Load Following 
Procedures - Topical Report, September 1974 (N Proprietary) 
Methodology for Specification 3/4.2.l 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 (N 
Proprietary) Methodology for Specification 3/4.2.2 Heat Flux 
Hot Channel Factor. Approved by Safety Evaluation dated 
November 13, 1986. 

c. 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. 

d. 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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DEPI.HITIONS 

CONIAUlMIMT pmgl.ITX 

1.7 CONTAINMENT INTEGRITY shall exist when: 

l.7.l All penetration• required to be clo•ed during accident condition. 
are either: 

a. Cap&Dl• of being cloaed by an OP!DlABI.11 containment automAtic 
isolation valve sy•tem, or 

b. Cloaed by manual valve•. blind flange•. or deactivated 
automAtic valves secured in their cloaed poaitiona, except as 
provided in Table 3.6-l of Specification 3.6.3.l. 

l.7.2 All equipment ti.tches are cloaed and sealed, 

l.7.3 Each air lock is OPERABLE pursu..nt to Specification 3.6.l.l, 

l.7., The containment leakage rat•• are within the limit• of 
Specification 3.6.l.2, and 

l.7.5 Th• sealing mechanism aaaociated with each penetration (e.g., 
weld.8, bellow• or o-ring•l i• OPERABX.. . 

l. 8 NOT OSEI> 

CORI ALIERAIION 

l.9 CORB ALTERATION •hall be th• movement or manipulation of any component 
within the reactor pr•••ur• v••••l with the v••••l head remcved and fuel in 
th• v••••l. Su•p•n9ion of CORS ALTIRATIOJI •hall not preclude completion of 

-....,,movemenl:_ of a component to a ••!• coMervative po•ition. 
Y ]:".VSCt1..T A 

DOSI EQUIVU2P't I - ll l 

l.lO DOSI EQUIVALZHT I-lll •hall be th.at concentration of I-131 (microc:urie• 
per gram) which alone would produce th• same thyroid do•• •• th• quantity and 
isotopic mixture of I-131, I-132, I-133, I-134, And I-135 actually pre•ent. The 

rNSER.T A 

11~ --COR.E C·P'BADNG The CORE OPERA TING LIMITs REPORT (COLR) is the 
LIMITS IDOllT unn-spec1fic document !bat provides core operl'ltinl limits for me current 

operawii reload cycle. These cycle-spcitic core operat1n1 limns shall be 
~for_ each reload cycle i.D ac.cordmce ...,,th Speciticuion 6.9.1.9. Urut 
openuoa widu.a tbeM opentiq linuu is addressed iil LDdiv1duaJ specific:~uons 
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2.0 SAFETY UNITS AND LIMITING SAFETY SYSTEM smncs 

2. , wm UMITS 

RW:TOR CORE 

2. 1.1 n. cam1nat1on of THERML POWEi, pru1UY"fzer PNllU1"1, and the highest 
•ntf!'Q loo, coolant ~nt.un CT ... ..) 1hall '1 =::::}f!: ~•iu shown in 
Ff ~Z. 1·1 iii I. 1 II for 4 iii:i 1~ ~T"at1on =t 1 ..... _ 
APPUCAIIUlY: ta>ES 1 and %. 

ACTION: 

WMneYer the point defined by the c:mb\nat1on of t.hl h1ghe1t operating' 1oop 
IYerage ~n'tln"I and THERMAL POWER l'lu IXCffded the appropr11te prusuri21r 
Pl"lllU1"1 11 ne , be 1 n HOT STNCDIY w1 th t n 1 l'iOu1". 

REACTOR COOL.ANT SYST9t PRESSURE 

2. 1.2 The RHctor Coolant System pru1u" 1hal1 not uceed %735 ps1g. 

APPLICABILITY: MDDES 1, Z, 3, 4 and 5. 

ACTION: 

tCJDES 1 and Z 

Whenever tne Reactor Coo 1 ant Syst. press"" hu u:cHded 2735 ps 1 g, be 
f n HOT STAHDIY w1 tll the RH&:tor Coo 1 ant Sy1tM pru1U1"1 with 1 n 1 ta 1 i •1 t 
within 1 hour. 

flllOES 3, 4 and 5 

Whenever the R~r Coo 1 Int Systa preuu" hu ucHd•d 2735 psi g, 
reduce the Reactor Coollnt Systa pr111u1"9 ·ta within its li•it within 5 
•f nuta1. 

SALEM - UNIT 2 2-1 
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FIGURE 2. -2 REACTOR CORE"sAFETY LIMIT - TH ERATION 
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FIGURE 2.1 INTENTIONALLY FT BLANK PENDING 
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• TABLE 2.2-1 

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS 

FUNCTIONAL UNIT 

1. Manual Reactor Trip 

2. Power Range, Neutron Flux 

3. Power Range, Neutron Flux, 

High Positive Rate 

4. Power Range, Neutron Flux, 

High Negative Rate 

TRIP SETPOINT 

Not aIJplicable 

Low setpoint - s 25 \ of RATED 
THERMAL POWER 

High Setpoint - s 109\ of RATED 
THEru-" ', POWER 

s 5\ of RATED THERMAL POWER with 
a time constant 2 2 second 

" 5\ of RATED THERMAL POWER with 
a time constant 2 2 second 

5. Intermediate Range, Neutron s 25\ of RATED THERMAL POWER 

Flux 

6. source Range, Neutron Flux s io5 counts per second 

7. Overtemperature 4T 

e. Overpower 4T 

9. Pressurizer Pressure--Low 

10. Pressurizer Pressure--High 

11. Pressurizer Water Level-

High 

12. Loss of Flow 

See Note 

See Note 2 

2 1865 psig 

s 2385 psig 

s 92\ of instrument span 

2 90\ of design flow per loop* 

•Design flow is (e~ gpm per loop. 

f 
SALEM - UNIT 2 C02,500 2 5 

ALLOWABLE VALUES 

Not applicable 

Low Setpoint - s 26\ of RATED 
THERMAL POWER 

High Setpoint. - s llO\ of RATED 
THERMAL POWER 

s 5.5\ of RATED THERMAL POWER 
with a time constant 2 2 second 

s 5.5\ of RATED THERMAL POWER 
with a time constant 2 2 second 

s 30\ of RATED THERMAL POWER 

s 1.3 x 105 counts per second 

See Note 3 

See Note 4 

2 1855 psig 

s 2395 psig 

s 93\ of instrument span 

2 89\ of design flow per loop• 

Ame11dme11t N<> 11 h, 1 ·I/ 
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TABLE 2.2-1 (Continued) 

REACTOI TllP SYSTEM INSTRtltENTATIOH TRIP SElPOINlS 

NOlATIOH 

NOlE 1: ~ert...,.rature AT! Alo [K,-K2 1• 1 15 (l-T')•K1<•-•·>-r,(AI)] 
r+y 

where: AT 
0 

• Indicated AT •l IATED lHUMl PCM:I 

~ ~ Aver• lellperature, •f 

~ T' ;-l1tf1r1RC1IT•vg •l IATED JHElllAL POWEi ~ 577_9•f 

P s Pr111url11r pr111ure, pslg 

p· ~ 2235 p1lg (lndlc•ttd ICS no111 ... 1 operating pressure) 

l•1 1s 
r+y = The function generated by the lead-leg co1etroller for '•vu dyn .. lc ~OllJlens•lion 

1
1 

& 1 2 = Tt .. con1t.,.l1 utlllztd In tht lead-lag controller for Tavg 1 1 = JO secs, 
1z • 4 Itel. 

S = Lapl.ct tr•n1for11 oper•lor, Sec-1. 

--
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TABLE 2.2-1 (Continued) 

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS 

NOTATION (Continued) 

Operation with 4 Loops 

K1 = l.164 <E--] /. Z 2..{ 
K2 = 0.01434 tjo.oz.03 ?1 
K3 = 9. 99973 ~ 0. OCD/ 0 -z. Q l 

and f 1 (AI)' is a function of the indicated difference between top and bottom detectors 
of the power-range nuclear ion chambers; with gains to be selected based on measured 
instrument response during plant startup tests such~h · 

-1-13 
(i) for q - q between -23 percent and percent. f (AI)= 0 

(wher~ q ~nd q are percent RATED THERMAL POWER i~ the top and bottom 
halves o. the cbre respectively. and qt + qb is total THERMAL POWER in 
percent of RATED THERMAL POWER). 

(ii) 

(iii) 

for each percent that the magnitude of (q - q ) exceeds -23 percent. 
the AT trip setpoint shall be automatical fy rehuced by 1. 26 percent of 
its value at RATED THERMAL POWER. ~ 

. . I 3 
for each percent that the magnitude of (q - q ) exceeds percent. 
the AT trip setpoint shall be automaticalfy rehuced by +:-34 percent of 
its value at RATED THERMAL POWER. ~ 

~ 
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• 
Z.1 SA.FETf LI~:!s 

BASES 

2 . 1 . 1 RI.ACTOR CORE 

Th• r••triction• of this safety limit prevent overheatin1 of the fuel &nd 
possible claddin1 perforation which would re•ult in the rele&se of fission 
products to the reactor coolant. Overheatin1 of the fuel cladding is prevented 
by restrictin1 fuel operation to within the nucleate boilina reaime where the 
heat transfer coefficient is larae and the claddin1 1urface temperature is 
sli&htly above the coolant saturation temperature. 

Operation above the upper boundary of the nucleate boilin1 r•1ime could 
result in exce•sive claddin1 temperatures ~cau.e of the on••t of departure 
from·nucleat• boilin1 (DNB) and the resultant sharp reduction in heat transfer 
coefficient. DNB is not a directly measurable parameter durin1 operation and 

the ref ore TKERMAL POWER.~a~n~d:W:Rje~ac:;ti;o~r~C~oj::o:il~an~t~T~~~r~ajtu;;r~e~an~d~P~r~•~·~·u~r~e~ha~v~•;;be~en related to ON! hrou hH 

~~!!!!!:!:!!!~!!:!been developed to predict the DNI flux and the location of DNB 
for axially uniform and non-uniform heat flux dhtr:~butioM. Th• local ON! 
heat f lwc ratio, ONBR, defined as the ratio of the heat flu.a that would cause 
ONB at a particular core location to the local heat flus, i• indicative of the 
iurain to DN'.B. 

The 0 basil i as follows: 
probability t t the minimum N!R of th• limi n1 rod durin1 

I events is I ater than or • \ial to the DNll iait of the correlation 
in1 u••d (th• ·l or W·3, R rid correlation • Ttw correlat n ONBR limit 

stablished ba ad on th• anti applicable es imental data 1 
is a 95 perc t probability th 95 percent c nfidenca that not 
when the min DNlll 1• at DNll correl&ti liait (1.17 f 

l.30 for th• W·l R•Grid). , 
Th• cu~•• of Piaur-i 2.1-1 tand 2.1 il1bov+the loci of point• of TmMA.L 

POWER, Reactor Coolant Sy1t .. pre11ur• and avara1• t.aperatur• for which th• 
minimum DNIR i• no l••• than th• d••ian DNll value. or the avera1• enthalpy at 
th• v••••l esit i• eq1i1al to th9 enthalpy of aaturated liquid. C'm rA" 

Th• curve• are bued on an enthalpy hot channel factor,!~ iiiS:ii~iand a 
reference cosine with a peat Qf l.55 for axial power shape.I is 
included for an incr ..... in F"'All at reduced paver baaed on th9 ezpre•sion: 

\ 

,N.ul s l.'9 11.000.,U•P)J : I 
wher• P '9 the fraction P R:1R& iiiDHAL feWll _ 

Th••• liaitin heat flus condition• are hi1her than tho•• calculated for I 
th• ran1• of all control r ULL ~ W_~T~ORAWN to the uzimum allovabl• control 
rod inaertion a••U11in1 th• axial pover iabalance i• vithin the liait• of th• 
f 1 (delta I) function of the Overtemperatur• trip. When tba azial power 

.0.-ndment No. 72 
SALl'.H • UNIT 2 



• 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 

FN .. H = pRTP .. H [1.0 + PF.,.H (1.0 - P)] 

Where: pRTP"'H is the limit at RATED THERMAL POWER (RTP) specified 
in the COre Operating Limits Report (COLR) . 

PFili is the Power Factor Multiplier for F~H 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 
hn~ not o eration exclusive of the Overtemperature delta T setpoint. Three loop 
bee"' e_.;q/"'q!' opera 1 on a ove t e · oop - se po 1 n · · · · 

q "'d. f!, ~r 
erff\; + ft'c{ 

Overpower Delta T 

The Overpower delta T reactor trip provides assurance of fuel integrity, 
e.g., no melting, under all possible·overpower conditions, limits th• 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 dynaaic compensation 
for piping delays from the core to the loop temperature detectors. Ho 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 th1 overall reliability of th• Reactor Protection 
Syst... . 

Pressurizer Pressure 

Th• Pressurizer High and Low Pressure trips are provided to li•it the 
pressure range i~ which reactor operation is permitted. The High Pressure 
trip is backed up by the pressurizer code safety valves for RCS overpressure 
protection, and is thtr9fore sit lower than th• set pr1ssur9 for these valves 
(2485 psig). The Low Pressure trip provides protection by tripping the reactor 
in the event of a loss of reactor coolant pressure. 

Pressuriztr Water Level 

The Pressurizer High Water Level trip ensures protection against Reactor 
Coolant System overpr9ssurization by limiting the water 11v1l to a volUllCI 
sufficitnt 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 overall 
reliability of the Reactor Protection System. 

SALEM - UNIT 2 B 2-5 



• LIMITING SAFETY SYSTEM SETTINGS 

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 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 90\ of nominal full loop 
flow. This latter trip will prevent the minimum value of the DNBR from 
going below the design DNBR value during normal operational transient ....... .a.Ad~....,....~-
aRliisipaeed liEaRsieRlis ··~eR J lggp11 are iR gperatigR aA~ tA:e QveEeemperatl:ire 
del~a T ~rip sag pgiAt is adjwated tg =~• • 1 al~• specified for all loop11 iR 
e['eraeieAa llieA: ~P.e 9veE~eR1peEaliwire i;iellia T 'iEip se'i peiRli adj1:1sted te t1'te 
aa 111• •F•cifi.e'al fgs J 1 ggp gper=at ion, the a-a trip at 7Ei' IUTig TWU1 .. u-'\!: POl~R 
will preveAe e1'te miAim1:tm oal1:te e! ~A:e SNBR !rem ~eiA~ below the desiy11 CH!~ 
valwe dwriA~ Roir~al opeiratioRal traR11ieRt& a~d aRticipa'ied liEaRsieAts with 3 
leep11 iA gpeiratig~ 

Steam Generator Water Level 

The Steam Generator Water Level Low-Low trip provides core protection by 
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 2 8 2-6 Amendment No.154 
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/.3% 

1 n rhc'_ 

) L 1 I l BEACTIVITI CONTROL SYSTEMS 

:~I 4..J l BOBAIION COITTROL 

~...ttn"OOWN MARGIN · T > 200°F 
avg 

•·~MITING CO~-.:lITION FOR OPERATION 

3.l.l.l The SHUTDOWN MARGIN shall be greater than or equal to 8 delta k/k. 

APPLICA8ILITX: MODES l, 2*, 3, and 4. 
. 
. ACTION: 1.3fi I Q.3~ 
With the SHCTOOWN MARGIN less than delta k/k, immediately initiate and 
continue boration at ~ 33 gpm of a solution containing ~ 6,560 ppm boron or 
equivalent until the re~ired SHUTDOWN MARGIN i• reatored. 

:iORVElLLA?lCS REQUIREMENTS 

4.l.l.l.l The SHtJTDOWN MARGIN shall be determined to be gr~ater th&n or equal 
...+"'""'~'delta k/k: 

&. Within l hour after aetection of an inoperable .:0•1trol rod(sJ and at 
lea.at once per l2 hour• thereaft•r while the rod(1) i• inoperable. 
If the inoperable control rod is ilmlOva.ble or untripp&bie, the above 
required SHUTDOWN MARGIN shall be increa1ed bi an amount ~t least 
equal to the withdrawn wo~:h of the imnova.ble or untripp&ble control 
rod (Ill • 

b. When in ~DE l or MOCB 2 with K ff greater than or equal to l.O, at 
lea.at once per 12 hours by verily1ng that cohi;rol bank withdrawal is 
within the limit• Specification 3.l.3.5. 

c. 

Cc1 LR pe.r 

When in ~DK 2 with K ff le•• than l.O, within 4 hour• prior to 
achieving ~•actor cri~1cality by verifying th&t the predicted 
critical control rod po_sition ii within the limit• ,,at:' 

--~_..specification J.l.3.5. 

•See Special Test Exception 3.10.l 

SALAM • ONIT 2 3/4 l-l Amendment No. 133 



• REACTIVITY CONTROL SYSTEMS 

SURVEILLANCE REQYIREMEHTS {Continued). 

d. Prior to initial operation above 5% RATED THERMAL POWER after each ) 1n -f-'1-1<? 

fuel loading, by consideration of the factors of e below, with the i c0"vR. pe,-
control banks at the maximUll insertion limit ~¥$peciffcation 3. l.3.5. 

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

1. Reactor coolant system boron concentration, 

Z. Control rod position, 

3. Reactor coolant system average temperature, 

4. Fuel burnup based on gross thermal energy generation, 

5. Xenon concentration, and 

6. Samarium concentration; 

4. 1. 1. 1.2 The overall core reactivity balance shall be compared to predicted 
values to demonstrate agreement within ± li delta k/k at least once per 31 
Effective Full Power Days (EFPO). This comparison shall consider at least 
those factors stated in Specification 4. 1. 1. 1. l.e, above. The predicted· 
reactivity values shall be adjusted (non11alized) to correspond to the actual 
core conditions prior to exceeding a fuel burnup of 60 Effective Full Power 
Days after each fuel loading . 

.• SALEM - UNIT 2 3/4 1-2 
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guqxyxrx COtmOL SYSTQU 

MOQQATOI msu:uxyu COEFIICI£NI 

1.DltTiliG CCNDITIOM FOi OPD.ATIOR 

3.1.1.l The 90deracor te•per1tur1 coe!!lcl•nt (KTC) 1hall be: 

•. .. •• , •• lti•• than 8 .. le. k;'k/'f for else all rem •lthdzaun, 
'Oa&iNain& of &Jel• life (NL), l:1ot uro ... tBM:L ~ co11d1c:ioa. 

MODES 1 and 2• onlytt 
KOD!S 1, 2 and 3 onlye 

~ 
a. Wlth the KTC .ore podtlve than the lS..it II< J.l.l.J.1. '-"e.I 

operation. ln MODES 1 and 2 aay proceed provided: 

Control rod withdrawal 11ait• are ••~111h1d ~nd .. lnt&1ned 
1u!flclent t~ restore the KTC to l••• positive than 
II ctdr:a k/k;z"PI within 24 hours or be in HOT STANDBY within the 
next 6 houri. 'n'leae wlthdraval lialU 1hall be in addltloa to 
the 1naertloc llaiu ~ Specification 3.1.3.6 ;., -f/,,p 

2. 
C0>t-R_ I 

The control roda are ulne&lned withill the vlthdraval llalc. per 

b. 

a1t&bll1h1d al:>oYa until a aubeequent calculati01l vurl!i11 tha 
the KTC has bean restored to vltbin its liait for the all roda 
withdrawn ccmdltioe. 

3. In 119'1 of &r:t'f other report required "1 Spaclflcatlon 6.9.l, a 
Special laport is prepared and aubeittad to the C:O..i11loa 
pununt to Specification 6. t. 2 withill 10 days, daacribin& the 
•alue of tba Haaured KTC, the inttria control rod wlthdraval 
llait• and the pr1dlct1d aver•&• core burnup necusaary for 
reacoriq the podti.,. KTC co vitbiD iu lialt for the all rod.a 
withdrawn ccmdltioa. 

Vlth the JITC .ore n11ative than t~he lialt pf 
HOT S1IUTDCMI within 12 houri. 

EOL 

,.1.1.,.b, abon,) 'ba 111 

*With Kaff 1rutu than or squal to 1.0 

•S•• Special Teat Exceptioa 3.10.3 

SAI..m • U!f IT 2 3/4 1·4 Allendment Ro. 94 I 



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 ~k/k/°F. 



• 
IUCilYITT eotrIJ,OL rn mg 

.. 
MODWTOI mlEBAilJU a!EFT1C1Df'I 

4.l.l.3 'the KTC ahall be detenalned to b. vith1D its l1a1t• durin& each fuel 
cycle •• follow•: 

a. 'nie KTC ahall be •uaured and compared to th• IOL li•it !;fl 
-----~\secttlcutoa 3.1.1.l.a, abou) prior to initial opuaticm above 5• 

of IATED THDMAJ. "°""2., after each f\ld loadin1. 

~: .c;c :p11;.:: -=~~!=d at any THElMAL POWD. and compared to I 7 1 1 (all rod.I vlcWravn, IAT!Z> ntDMAL PWD. 
condition) within 7 EFPD after reacbia& an equilibrium boron 

atlon of 300 . t; J":: ev91t th11 c;;,•ri1on 1ndlcata1 the 
KTC h •re ne1at1 .. than 1- J:O PlQ k1 •rl the llTC •hall be 
re .. uured, and compared to the IOl. llTC 11.ai t 
13. 1. 1.) .• I at laan once per 14 UPD durin& the reuinder of the 
fuel cycle. 

SALEH • UNIT 2 3/4 1-5 
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REACTIVITY CONTROL SYS~ 
~4.i.3 Mdvlit! CONtildl ASSEMBLIES 

OUIS Htfltf 

LI"ITING COftOITION FOR OPf:RATtON 

3.l.l.l All full len9Cl'I (shutdawn lftd mntro1) rods, sl'l111 be OPERABLE •nd 
pas1t1onecl w1t1'11n • 12 steps (1nd1c1ttd position) of trtetr group step 
muntar ••nd pasTt1on w1tl'l1n one raur 1ft1r rod mt ton. 

APPUCAIILITY: PC>0ES l• Ind 2• 

ACTIOll: 

1. Wlttl one or mre full 1en9tl'I rods traP.rable dlM to be1 ng 
1111av1Dle as 1 result of eacess1V9 fr1ct1on or .. Ch1ntc1l 
t nurfer1nc1 or krawn ta tit untr t pp1Dl e, Clettr111 ne tn1t tne 
SHUTDO ... MARGIN rtqu1rtl!Wnt of Spec1f1c1t1on l.lnl.l ts s1ttsf1td 
wttn1n 1 ,,,,ur and be 1n HOT STANDBY w1th1n 6 l'lours. 

b. wttlt nart titan one f\111 ltngtl'I rod iraperaDlt or lll1s•111gntd frtim 
tft9 group sttp caunter de1111nd position Dy .,,.. than ! 12 sttps 
(tne11c1ue1 position), tit in HUT STANOIY w1tn1n 6 '-'urs. 

c. wttl'I one ful 1 ltn9tl'I rod 1raperaDlt dUe to e&uHs other thin 
1ddressed by ACTION 1, 11:11>Y1, or 111s-t11gned fro• tts group sttp 
caunur dl•nd postt1on DJ 1are tftan • lZ steps ( 1nd1c1t1d 
pos1t1on), PO.O OPERATION •1 cant1nW provided tl'lat w1tftfn one 
raur e1 tner: 

2. The ,...1ndlr of t,. l"Odl tn thl Ill'* w1tft thl fraperable 
l"OCI rt 111tllff ta •1tft1n • 12 steps of tne fraper.011 rod 
wfl11t •1nt1tntn4 t"' l"Od Hqutnca Ind f nseriton 1181ts ef 
'"RF;~' ' ·~ a.1 I: tftt now. PO.O level st\111 tit ,..er pursu.nt to Spect f1cit1on 3 .1.3 .5 durtng 
l~Mciutnt oper1tton, or 

3. The rad ts dllcllrtel fraper1Dl1 lftd tM SHUTD\JYe JIN&IN 
requ1,....nt of Spec1ftcat1on 3.l.l.l ts 11ttsft1d. PO.U 
OPIAATIUM •1 tnen cantt ~ provided tftlt: 

·es. Spec111 Ttsi bcapttons 3.10.Z and 3.10.l. 

SALEM • UNIT 2 3/4 1·13 Amendmtnt No. 48 
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PO§mON WPICAIION ~ SWI'DOWN 

UKI'1"DC CCHDmON 10I OPIL\TION 

liaitad in pby91c:&l in.Hrtion u •hovn ii. 

spec.; ~;ed in ff.it.. C.ORE. OPERATING 
-- LIM 115 Rf:PoRt ( C.oLR). 

With Cha control Nn&a iuerted beyond the a~ iAHrtion liaiu, ucept for 
8Url'aillaru:• t .. tin1 pur8'1aDt to Spacificatioa 4.1.3.1.2, either: 

a. 

b. l8duc9 TIDMAL POWll vi thin tvo baar9 to laH ~ oio equal to tM t 
f ractioa of 1A1'1D ?BllMAL POWll vtlidl u allowed tbe be& 
podtioa u.iq ti.!1iin "••• •rl ----

c. 
....... 

la in at laut IDT STANDBY within 6 boura. 

4.1.3.S The poaitioa of ucb control baa •ball ba datamined to be vithi.ft 
Cha inHrtiOD Uaiu at lwt once par 12 bov9 b7 w of the ,roup d=·nd 
counura and ftrified b7 the Ul&l.ot rod poaitioa inclicatfta*'* uetipt durin1 
tiall intan&i. vb.a Cha lod Imartion Liait MonitOI' i• inoperable, than V'Uify 
Cha inclindu&l rod positions at i ... t once par 4 boun*'*. 

-sea S~..;:ial T .. t lzc.,ciona 3:10.2 and 3.10.3 
**1or po-.r lnela below SOS one hour thel'9&1 "soak tiall" u pamitted. 

D\&rina Qia soak tiall, the aMClluta •al• of rod muon u liaited to •ix 
nepa. 

IVith laff snatu t!aa or equal to 1.0 

5'1.IH I UNIT 2 3/4 1·20 A rdMnt No. 80 
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3/A.% lllOW£• OlSTlIIUTlOH LIM!rs 

l/A.2.1 AXIAL FlUX DIF~t•EHCE (AF'D) I 

~ 
l. 2. 1 The hw:lic1t1d AXIAJ. FUJI OlFFUEHCE 1l'Wll1 M •inuined wit,,;nj-,-,-6-.-.-9,~I I 
Uf"Vtt D1nd !tfiwa dHf1r11s1 911iui uo1.1t U'9 i.&1"91t flwz llifft"nc . 

--------1.~--~~~~ 

lC'T'lON: 

1. 

QS Sp~u~j i"' ~t C,.oRf, 
OPCR~TING 1..1Mr-s RcPoRi 
C.OL~i 

1. Abovt tCS of UTll THUMAl. .-owER, w1t"in 15 1invus: 

1) EitMr "'to" tM iftd;cattd AFD u ~Ulin tM ur;tt ti•nd 
li•iU 1 Of" 

ti) ltC:1uc1 THERMAL '°"'R u 1111 tl\ln 90S of UTE.D THERMAL 
,gwu. 

2. lttwe1n Sal and tCS of UTIO THUMAL ~R; 

a) ~R 0'ElATlON •Y cont;nut pf"Ovidld: 

n.. iftdtr:at1~ 1rn us not "'" ouuin of tM 1•6. -nl 
-----•~t:...:.::N:.:.:"~ for •" tMn 1 hour peNlty dtvin;o" 

C1&1 I our;ng U'9 p"vioua Z• "°""· INS 

m iftdica~ae:I An> h wit.ft1n \M 1i1iu iNwfl 1el 
----- l==Mr!:I:::~-~- Otfttf"Wi 11, f'tC:luCI 'TM!ltMAL l'OWER to 

111 Ulan SGS of ltA'TlD THERMAL 'OWEI witftin 30 •inut1s 
1nG PMUCI Ult Powtt" llnp Neut1"1n FlurHigft TriD 
S.titoinu to 1111 tl\ln '' equal u ID of ltATtD 
TH£1tMAI. ~R wit.ftin T.fte nHt ' ft0u1"S. 

D) Sul"Vti111nc1 ustint of tM 'ower lln;t """'~"" n~ 
C~nne11 81y De p1rfor"8td pursuint to Soecification 
•.l. 1 1 1 Df"OviHC:I U!e iN1ic1t1C:I AFD ts .. intained wit~in 

1 i•i l1f f 11wr~. H. A Ut& 1 of 11 ftOut"S OOtT"lt i o,, 
uy " 1c:.-,11t1d =iUI i.M AFC ouu;a of u. ur;tt D~r.: 
Ourin; t.l'lis tasting wit.1\out "~lty Otvi1ti0ft. 

3/& Z-l •nc:Dent No. 6 
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• 
ti. Tl4£~L ~U il'\l 11 ,., M fftC1•uud &Deft 9GS af UT'!ll MRML 

lllfJWU l.ll'ltu tfte 1ftd1cat.ad AR 11 w1tllift tnecf:fi •ril ur91t bind 1nd 
AC'TlQI %. I) l ), IOO'f• "&I Meft a.i11f1t4. 

Tl4E~'- JIOW!l 1ftll l IW\ M 1nn.1Hd .._... SCI of IAT'Cl Tl4i!:L 
~u wrilttl Ute 1ftd1Cli.ff AR Ml IW\ Nett tut.J1Ge of TJle :== 911 
u ft? •" \Mn 1 ftOuP peftllf.J M<w1"i" C\llUh\i.,• swr;~ 
U\e ,,...,;..., z• '*'"· ,._,. tncn1111 atne sm 1f u~ '!Ml""-'1.. 
~U oo ,., ,....1,.. M 1"' wi tll1 ft tM u.,.f. la&ftd ,,..,., 1 Ged Ute 
~"9U11\1Wt i:teft&l\y de"t11\18ft ti "°' ~1111\ad. 

'· 2. 1. 1 The i"CS1cattd lit.AL 'l.UJ 0I,1Pt'fCt SNll M dl\IN1Md U H wi~!'lin 
;~ H•;u d1i1r1"V 'OWU OPWTlCIC 1Do•1 151 of IAT'G M~ ~U Dy: 

•• *"1UPint the 1ftd1cat.ff A10 fop •acft OP!WL! ua" CMMe1: 

1. At 11ui tftCI ,. .. 1 ~ .... ft tM Anl "-nit.DP Ala,.. h OPlWL.!. 
lnC 

z. Ai l11u. tftCI "'" "°"'" for tM f1"t Z• '*'" attar "su.-1 "9 
tM ~ PlloftiUP AllN \I OPEJ.AIL! IU\UI. 

ti. *"1Ur~~ IN 1oa1~ ta. 1ftd1CI~ AIL\&. '1.UI 01'1PPC! hr HC'."I 
O'!WI.! UCO" Cftanfte1 ti 1t1n lflCa i:teP lleu1" flt" tM f1t"tt Z• l'I01.1"' 
IM at 1111i lftCI pap JO •1nui.n V11"1ft.1r, wMft ~ All.AL 'l.Ul 
01'1ll!MC! Moft1UP Allf'9 11 1._..-1111. T19t llftff va1"91 of tfte 
1ndtCIUG AZIM. 'LUZ DIF'llDCI lftl11 " u1.n "' uh\ dUP1"' ~'\· 
1ft\olf''ll1 prteld1 "I tteft , ,... ... 

'.2.1.2 'n'9 1nd1cain ~ 11\&ll IM cwide"" IUUfde of 1ul !§. •HI Ur91t band 
.,,.." n 1111\ z .... " OPUAll.I '"'" CftlMl11 '" 1Micn1~ 'Ute A1t) T.O IM 
o"Uidt tM Ul"flt hnd. it.n&lty de•iatilft euui .. of ~ l •L•HI U1""91t band 
1,..11 De K:l.llUli\H Oft I t1M DU1a tf: 

a. Q,.. •1rtuU tlflt1ty dl•1at11n flt" 1acft lftl 11....i. ef lllOWll O'!~T~~N 
OUUiH Of U1e U~\ Nftd 11. T'MUtW. ~ ,..,.ls ..,.1 U OP &DO'll 

SOS of llA Tt?I TM!~ llOIU. Md 

'· One-,..H •1nuu "n11ty drr1a\1on for Hd'I .,.. 11"uu of ~· 
O'U.t~lON o .. uia of tlle ~""'" Nftd l't T'MlWI.. '10lltl ,..,,,. !Mio
~= of I.ATC TNUML ~l. 

1/& Z=Z 
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PM! DISTIDUTtON LD!IiS 
3/4.Z.Z HEAT "-UX HOT CMAHNEL FACTOR • FQCZl 

ymtNG CCtl>mON FOR OPERATION 

CZ) S CJ;K 

Fq(Z) 

APPLICAIILl!f: MDGE 1. 

ACTION: 

With FqCZ) ucHd1~ ftl 11•1t: 

fallowing at1onshipt: 

p) 0.5 

Q.5 

I~ 
:f:tJ~ Er?_ T {: / I 

f/EQE / ' 

3.2-2 f 1 giv•n 

1. Reduc8 TlfOM1. POWER 1t 111st lS for Mdl 1S FqCZ) uCHdl the 1 iait 
within 15 ainutu and 11aH1rly l"lduc8 the Pawr Range Nfftran 
F1ux-Higft Trip S.tpointl within tM nut 4 houn; POWEi OPERATION 
aay pl"OCftd for .. to I tatal of .n haurt; lubl~ POWER OPERATION 
MY pracaed pnv1dld tM OvtrpcMr' delta T Trip S.tpoinu ta.av• t:IHft 

1•1d11c8CI at lwt 11 for Heb lS Fq(Z) _uaedl tM li•it. The 
av.,,.,._r delta T Trip S.•1nt Nduct1an shall be s-rlaNld with 
tM l"llC'tal" in It lust HGT STNl>IY. 

b. Idllltify and carnet tM cause of the out. of Hait condition prior . 
to i ncrH1 i ng THEJIW. POWER IDavt the l"lducld 11 •1 t. 1"9qU1 l"9d by 1. 

lbcM; THEJIW. POWEi llY thin be 1ncnu9d pr.Nided Fq(Z) 1s 
dmonstntad through fncan ~1ng to b9 within it.I 1 iait. 

SALEM - UHIT 2 3/4 2-5 
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INSERT F 

F,,(z) < F~TP * K(z) for P > 0.5, and 
p 

F'<(z) < F.~'P * K(z) for P < 0.5, 

---0:-5 

Where F~TP = the FQ limit at RATED THERMAL POWER (RTP) specified in 

the CORE OPERATING LIMITS REPORT (COLR), 

p = THERMAL POWER 
RATED THERMAL POWER ' and 

K(z) = the normalized FQ(z) as a function of core height as 

specified in the COLR . 



• 
rcwn QXSD?MIQI L!KU1 

.. ..................................... u ............................................... . 

•• 

b. 

e. 

'rr •ball ... eT&luat.ed t.o det•ftiM 1t 'ca''> u wi.~ it.• lWit. byl 

O•in9 t.M 90Tul• ineon detector• t.o Obt.au a power 
cU.•U~tion MP at any ~ llCMD trMt.er t.h&n It of ~ 
TllDJW. PCMD. 

Incnuial c.M ••aved r e J =aeac ot ~ powar Unr iltut.icm 
... tty J' to account toz Ltac:turint tol•rancH and fllftber 
Lncna•ial ~M •al• tty H to acCCNd far •u~nt uneert&intiH. 

c 
c ; ar1af c.M r ccmpat.ed ( r -> ~ined in b, ua.. toa 

. 1l'/ -· 

1. 

l. TM r u.a.1.u for MnD 1'lllaUG1. POMD ,,an, for ry ry 
t.M appropdat.e •anred con plane• fi,,_ in •· and t., 

below, and 

2. 

~-

., 11Uiu wi.Uin 2• bouH att.u esceedi!MJ bf 20, Of MTZD 

~ JIOWD or 9rHt.•r, the Tm"lU. JIOllD at wbic:h 

,c .,.. lan det.•rained, or ..., 

SALDI • UWJ:'l' 2 Amendlflent. Ro. 112 I 



• 
!9"'11 ~IJIIIIQ'tIQI! LIM?tl 

IUllft?U.UCI DQGIUXD':I (Continued) .. ........................................................................ .. 

•• 

b) At leamt once per ll lnl>, vhicheTer OCC\U'8 firmt. 

2. Wb9tl ti. ,c i• l••• than or eq\&&l to tb9 rllTPliait tor the 
r:y r:y 

appropriate .. aaured core plane, additional P"f9Z' diatrUNtion 

_,. •hall bet.Un and ,c cc:mpared to rll'nand ,x. at l••at 
r:y rt r:y 

once per ll sna • 

con planH in l• Ae~•ai •• ''"' rectw 
•pecific:atioa 1.1.1.t. 

f. TM r UaiH of •·, uo.., an not appUc:ul• i.n tM followinlJ 
~ 

9· 

con plue ntJ.ou u ••eund i.n ~ of con bei9bt frcm ~ 

boe~ of ta. fuel 1 

1. LoiMr con re;ioa from °' to lH, iDcluift. 

2. Opper con re;ion tram II\ to laot, illcluaift. 

3. or1d plue re;J.ou at 11.1\ * 2\, 32.1\ * 2\, ''·'' * 2\, 

'°·" * 2\ ud "·" * 2\, iaclnift. 

•· con plue rqiou viUWl * 2\ of con bei~ C* 2.11 inehe•> 

allcNt tM Mak d=eM PMitioe of tM Mall •D• c:onT.rOl rod•. 

IT&laatiag tM effec:tm of r!' ae r
0

c1> to Mtuai.ne 1f r0 c1> 1• 

wi~ 1u 1Jai.t deM•er r a..a ~ • 
1l'f 1l'f 

•.2.2.3 tlbea r
0

c1> J.a ... aurec1 pur•11&nt to .,.c:Uic:atioa t.10.2.2, an ~•rall 

-••1U9CI P Q (I) aMll be obtained tram a power cli8tr .IJNtion _, and i.ncreHed 

by J\ to account far ..autaeturirMJ tolerance• and f'llrther inc:naeed by 5\ to 

ac:eouat for -·~~ unce~ainty. 

Al.DI - UJIU' 2 l/• 2-1 Amandllent Mo, 112 
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3 
/ 
~. 2. 3 ~ ... :CLEAR E.\'TiiALPY HOT CHA.'-lNEL FACTOR F~H 

L:~:::~c COSDITION FOR OPE.~T!ON 

3.2.3 F~H shall be limited by the following rel•tionship: 

I µsr::a.1 
~ J) 

/-/€ 12€ 

APPLICABILITY: MODE 1 

ACTION: 

with F~H exceeding its limit: 

•· Reduce THERMAL POWER to less than 50% of RATED na:RMAL POWER within 2 
hours and reduce the Power Range Neutron Flux·Hi1h Trip Setpoints to ~ 
557. of RATED THIRMAL POWER within the next 4 hours. 

b. Demonstr•te thru in-core m.ppin1 that ~H is within its limit within 24 
hours •fter excaedin1 the limit or reduce THERMAL POWER to less than 5~ 
of RATED THERMAL POWER within the next 2 hours, and 

c. Identify and correct the cause of th• out of limit condition prior to 
increasin1 THERMAL POWER above the reduced limit required by ~· or b. 
above; subsequent POWER OPERATION may proceed provided that r:H is 
demonstrated throu1h in-core mappin1 to be within its limit a~ a nomina. 
50% of RATED THERMAL POWER prior to exceedin1 this THERMAL POWER, •t a 
nominal 75% of RATED THERMAL POWER prior to exceedina this THE:RMAL POWEJ 
and within 24 hours after attainina 95% or 1reater RATED THERMAL POWER. 

SALEM - UNIT 2 3/4 2-9 Amendment No. 72 

~ l'TP ) J 
F ~ ,. F .iH [ l . 0 • PF .1H ( l . 0 - P 

Where: F
1

TP is the limit at RATED THERMAL POWER (RTP) specified 
i~ the CORE OPERATING LIMITS REPORT (COLR) 

"' f F specified i.r. PF..1H is the Power Factor Multiplier or <iH 

the COLR, and P is THERMAL POWER 
RATED THERMAL POWER 



... 

TABLE 3.2-1 

DNB PARAMETERS 

PARAMETER 

Reactor Coolant Sy!ltem Tavg 

" Pressurizer Pressure 

Reactor Coolant System Total Flow Rate 

LIMITS 

4 Loops in 
Operation 

s !!!!2~s~z ,q °F) 
[ 2 1. 0 0 r: ~20 psia ... 

# 
~ 3 s 3 I Tee- gpm 

1" 
@'l'I; ee o J 

~.tt-1 ,coo 

Limit not applicable during-either a THERMAL POWER ramp in excess of 
St RATED THERM.AL POWER per minute or a THERMAL POWER step in excess of 
lOt RATED THERM.AL POWER. 

Includes a ~flow uncertainty plus 
due to feedwate9 venturi fouling. 

\ -z I y 01aJ 

a O.lt measurement uncertainty 

SALEM - UNIT 2 3/4 2-17 Amendment No.tA6. 147 



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 Tava· The most restrictive 
condition occurs at EOL, with T at no load opera~Tng temperature, and is 
associated with a postulated sti~ line break accident and resulting uncon
trolled RC cooldown. In the analysis of this accident, a minimum SHUTDOWN 
MARGIN o . ~k/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 avg 
postulated steam line break cooldown are minimal and a 1% ~k/k shutdown margin 
provides adequate protection. 

3/4. 1. 1.3 MODERATOR TEMPERATURE COEFFICIENT (MTC). 

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. 

SALEM - UN IT Z B 3/4 1-1 
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3/4 I 1 RF.ACUVIIY CONTROL SYSIOO 

BASES 

3/4.1.1.3 MODER.ATOR TEMPER.ATIJJU: COEFFICIENT <MIC> (Continued) 

11\e MTC values of this specification are applicable to a specific set of 
plant conditions; accordingly, verification of MTC values at condition.s other 
than those explicitly stated will require extrapolation to those conditions in 
order to permit an accurate comparison. 

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 .KTC 
remains with its limits since this coefficient changes slowly due principally 
to the reduction in RCS boron concentration associated with fuel burnup. 

3/4.l.l.4 HIN!MYK TEMPER.ATIJR.E FOR CRITICALITY 

'nlis specification ensures that the reactor vill not be made critical 
with the Reactor Coolant System average temperature less than 541.F. This 
limitation is required to ensure 1) the moderator temperature coefficient is 
within its analyzed 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 is above its minimum RINDT 
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 2 B 3/4 1-2 Amendment No. 94 
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RU,CTIYITX CONTBOL SXSTIMS 

BAS SS 

3/4,l.2 BQJ!ATION SXSTIKS 

Th• boron inj•ction •Y•t911l •n•ur•• that neqativ• reactivity control i• 
available durinq each mode of facility operation. The component• required to 
perform thi• function include: l) berated wat•r •ourc••• 2) char;~ng pump•, 
3) ••p&rate flow_path•, 4) boric acid tran•f•r pump•, and 5) an mnerq•ncy 
paver •upply frcm OPERABLB di•••l generator•. 

With the RCS averaq• temperatur• ~ Jso•r, a mini.mum of two boron injection 
flow path• are required to •n•ure •inql• functional capability in the event an 
a••umed failure render• one of th• flow path• inoperable. The boration 
capability of either flow path i• •uff icient to provide a SButDONN MARGIN from 
expec:ted-op.ratinq condition• of~ delta k/k after xenon decay and cooldown 
to 2oo•r. Th• maximum expected bcration capabi!~ty (minimum iv.~ation volume) 
requirement i• ••tabli•hed to con••rvatively bound •xpected operating 
condition• throuqhout cor• operating life. The analy•i• a••ume• that the mo•t 
reactive control rod i• not in••rted into th• cor•. Th• maximum •xpect•d 
boration capability requirmnent occur• at EOL from full power equilibrium 
xenon condition• and requir•• borated wat•r from a boric acid tank in 
accordance with TS Figure 3.l-2, and additional mak•up from •ither: (l) th• 
••cond boric acid tank and/or batching, or (2) a maximum of 41,800 gallon• of 
2,300 ppm borated water from th• refueling wat•r atorag• tank. With the 
r•fuelinq water •torag• tank aa th• only borated wat•r aource, a maximum of 
73,800 gallon• of 2,300 ppm borated wat•r i• required. However, to b• 
con•i•tent with the ECCS requirement•, th• RWST i• required to hav• a minimum 
contained volume of 350,000 gallon• durinq operation• in MODBS 1, 2, J and 4. 

The boric acid tank•, pump•, valve•, and pipinq contain a boric acid •elution 
concentration of between 3.75\ and 4\ by weight. To en•ur• that th• boric 
acid remain• in •olutlon, th• tank fluid temperatur• and th• proce•• pipe wall 
temperature• are monitored to •n•ure a temperature of 6J•p, or above i• 
maintained. The tank fluid and pipe wall temperature• are monitored in th• 
main control room. A s•r margin i• provided to en•ur• the boron will not 
pr•cipitate out. 

Should ambi•nt temperatur• deer•••• b•low 63°r, th• boric acid tank heaters, 
in conjunction with boric acid pump recirculation, are capabl• of maintaining 
th• boric acid in th• tank and in th• pump at or about 63°P. A •mall amount 
of boric acid in the flowpath b•tween th• boric acid recirculation line and 
th• •uction line to th• charging pwnp will p~•cipit&tQ out, but it will not 
cau•• flow blockage •v•n with temperature• b•low so 0 r. 

With the RCS temperature b•low JS0°F, one injection system i• acc•ptabl~ 
without single failure con•id•ration on the ba•i• of th• atabl• r•activi~y 
condition of th• r•actor and the additional r••triction• prohibiting CORE 
OPERATIONS and po•itive reactivity change in the event the singl• injection 
&yatem become• inoperable. 
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3/4.2 ?O'tfER O!STRI9UilON LIMITS bG"') I& ,J c. (<.I ~~IA 

The IJ)ee1f1cat1ons of this section prcvide assuranc1 of fuel intagrity 
during C4nd1tion I (Normal Qi>1ration) and II (Inc1dentJ of '4od1r1ta FMtqu1ncy) 
1v.ntJ by: (1) ... WttMf~~iM--M-1~1119-..gM~~~....c~~fM..I~~~~~~~ 
till 1.38 durf~ nGT"Sal 0~1nt1on and 1n snol'"'t tarm transientJ, and (b) limiting 
th• fission gas release, fu1l pellet talp1r1ture and claddi1i9 ~ani~l 
p~l"'ties to within assU111d design critaria. In addition, 11m1t1ng th• p1aK 
linear PQW9r density during Cond1tion I 1v1ntJ pT"Ovid1s 1ssuranc1 t.."lat the 
f nitial conditions assumed for the LOCA analyses arw .. t and the ECCS acceptance 
CT'i tari a l 181 t Of z.20Q•f 1 S not IXCHded. 

The daf1nit1ons of hot channel f&etol"'S IS used in these sp1cif1c1tions 
are as follows: 

Fxy(Z) 

HHt F1wc Hot Channel Fac:ta1", is dlf1ned IS th• ax1DUll local i,ut 
flux on the sUl"faca of a fuel rod at core elevation Z divided by t.ie 
avenge fuel red hHt f1ux, allowing fo1" 111111.1f1~r1ng toltr111ces on 
fue 1 pe 11 •tJ and rods. 

Nuclear Enthalpy R111 Hot Channel Factar, is d1f1ned as th• ratio of 
the fnt.agT'al of linear power along the rod with th• highest integraud 
power t:o tfte av1r1ga l"Od powl1". 

Radial Pa.k1"9 Facto1", is def1ned as th• ratio of p11k power density 
to &Yl1"~ power density in the ho1"i%ont.a1 plane at corw elevation z. 

3/4.Z. 1 AXIAL FLUX OIFFERatCE (AFO) 

the.fQ \,f(I,+ ~i~itl on AXIAL FLUX OIFnREMCE assure that th• F (!)~per bound 
_s ec.. 1-y, e..d ff\ envelope~ t1MS the noru11ze<I axial pHking factorQis not u:e.ded 

P . f!_C during either norul operation or in the event of xenon rwdistribution foll owi :ig 
t he_ CD r __ power d\anc;H. 

. 0 e1-1J rJ u-

/ 

o f~l'--1' J 11 1 Target flwc d1ff1renc1 1s dltaNined at equilit:lrit.111 xanon conditions wit:i 

S '(_ ~ f o I'- the ~rt 1 lflgtfi cai'it~ 1 l'"QdS -ei tJ'ldrawn fi-a th• cor11. The fu 11 l eng-tn ~ds 
\..-l('(l 11 /C'\ aay be posit.iol'fed witllin the c:ore in accordanca with their respective iAHr~ion 

( C...O t...{2,) 1111fu and should be inserted near their ncf"!Nl position for st11dy stat• 
· operation at hi;n power levels. The value of th• t.l1"1;1t f1ux aifferwnce 

obt.ainea under these conditions divided t:ly th• fraction of RATED THEiU'IAL PO~E~ 
is the t.l1"1;1t fl we d1fferenca at RATED THERMAL POWER for tne assoc:i a tad co r-e 
burn~ conditions. Ta~et f1wc d1ff1rwnc1s for other THERMAL POWER levels ar-e 
obt.ainld by 11Ultiplyin9 tJ'\1 RATED THERMAL PO'tw'ER value by the a;ip~pr-iata 
f~act.ional THERMAL POWER level. The periodic: ~dating of the taf"9et flux 
difference valua is necassary to ref11ct core burnUl) c:onsid1r1tions. 
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PQWIB QISTBIBQTION LIMITS 

BASES 

In fhe. (OLR 

Fer -~·pec..1 f1cG... t"o'J 
3, -z., I 

.......... -:.... •..•....•. ---------············-~-----------------······ -------
Al thcuqb it i• intended that the plant wil be operated with the AXIAL 

FLOX CIFFIRZNCK within th• t6; 9, tar;•t band &Dout th• tar;•t tlwr 
difference, durinq rapid plant THERMAL POWER reduction•, control rod motion 
will cau•• the Al'D to deviate out•id• ct th• tarqet band at reduced THERMAL 
POWER level•. Thi• deviation will not affect the xenon redi•triDution 
•ufficiently to chan;e th• envelope of pealtinq factor• which may be reached on 
a •ub•equent return to RATED THERMAL POWSR (with the ArD within th• tar;et 
band) provided the time duration of the deviation i• limited. Accordin;ly, a l 
hour penalty deviation limit cumulative during th• previou• 24 hour• i• 

.--~~~~~~-provided tor operation out•id• ct the tarqet band but within th• limit•-e+

• 

~(llliol!l'll!l!'W'~,..+whil• at THJ:NlAI. POWSR level8 between 50\ and 90\ cf RATED 
TKJ:RMAL POWSR. ror THJ:RHAL POWER level8 between 15' and 50\ of rated THERMAL 
POWIR, deviation• of th• An> out•id• of the t&r99t band are l••• •iqnificant. 
Th• penalty of 2 hour• actual time reflect• thi• reduced •iqnificance. 

Provi•ion• tor monitoring the A1'D are derived trcm the plant nuclear 
in•trumentation •y•tem throuqh th• A1'D Monitor Alarm. A con~rol rooaa recorder 
continuou•ly di•play• the auction .. red hiqh tluz difference and th• tar;et 
band limit• a• a function of power level. An alarm i• received any time the 
auction .. red hiqh tluz difference exc .. d• the tarqet band limit•. Time out•id• 
th• tarq•t band i• graphically pr•••nted on th• •trip chart. 

Fi~r• a 3/4 2-1 •how• a typical monthly target band • 

SALEH - OMIT 2 B 3/4 2-2 Revised by NRC letter datec ' . - _, -
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• BASES 

3 / 4. 2. 2 and 3/ 4. 2. 3 HEAT FLUX A..\'D NUCLEAR ENTHALPY HOT CHANNEL 

N 
A.\"":; P.A::Al. PE.A.KING FACTORS - FQ(Z) AND F~H 

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 t 12 steps from the group demand 
position. 

b. Control rod groups are sequenced with overlapping aroups 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 ~H as a function of THERMAL POWER allows 
the radial power shape for all permissible rod insertion limits. 
maintained within its limits provided conditions a thru d above, 
maintained. 

chfrnges in 
rcili will be 

are 

When an F measurement is taken, both experimental error and 
manufacturing ~olerance 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% i's the appropriate allowance for manufacturing tolerance. 

When ~ is measured, experimental error must be allowed for and 4% is 
the appropritte allowance for a fu.J,l core map taken with the incore detection 
system. The specified limit for r~ also contains an 8% allOWA{\Ce for 
uncertainties which mean that no~! operation will result in r~ ~1-r-Si/1.08,-1 
The 8% allowance is based on the followina considerations: @ 

~-Pl 

' \ c R. t'I 5 1 he.. I 1(Yl ,-t a.. t £.rl~D FA 1-t 
• LLJ he.re.. r AH ' . 

- lo-p) ~pec\~\e.d in 
J-J GR- ,-'f71~ L. Pow ~ '2.. 11.-

1 ~ ·:'-.. 

th~ Co«..~ OPE.~A•11'll:-- 1-.1 m11 12.tfoil oLf2-J .. 
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POW&;R DISTRIBUTION LIMITS 

3/4.2.2 and 3/4.2.3 HIAT [LUX AND NYCLEAR ENTHAI.PY HOT CHAN?fEL AND 
N 

RADIAL PEA.KING FACIORS - FQ(Z) AND F411 (Continued) 

a. abnormal perturbation• in the radial power •hape, •uch a• from rod 
N 

misalignment, effect r
411

more directly than rQ. 

b, although rod movement ha• a direct influence upon limiting FQ to 

within it• limit, •uch control i• not readily available to limit 
N 

FAH' and 

c. error• in prediction for control power shape detected during startup 

phy•ic• te•t can be compen•ated for in Fg by r••tricting axial flux 
N 

distribution•. Thi• compensation for FAHi• l••• rapidly available. 

The radial peaking factor F (Z) is mea•ured periodically to provide assurance 

xy s that the hot channel factor F Q( Z), remain• within it• limit. The F xy limit CDL~ 

for RATED THERMAL POWER ( F~T), u provided in the Raelial PealtiftlJ Fae'HI!' F..i:Mi~ 

1 itepast per specification 6.9.l.9, wan determined from expected power 

control maneuvers over the full range of burnup conditions in the core. 

3/4.2.4 OUADBANT POWER TILT BATIO 

The quadrant power tilt ratio limit as•ure• that the radial power distribution 
satisfie• the design value• u•ed in the power capability analysi•. Radial 
power distribution mea•urements are made during startup testing and 
periodically during power operation. 

SALEM - UNIT 2 B 3/4 2-5 Amendment No. 112 
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3/4.4 

BASES 

REACTOR COOLANT SYST~ 
rn e,e.,. t the. D ,.J.B 
desi<jl\ cr1f~f'1G-> 

3/4.4.l REACTOR COOLANT LOOPS ANO COOLANT CIRCULATION 

The plant is designed to operate witn all reactor coolant loops in 
o~rition, · normal operations and 
anticipated transients. ln MODES land 2 'lllitl'I less tnan all coolant loops in 
oper.ation, tnis specHication requires that the plant be in at least HUT 
STANDS Y within l hour • 

In MOOE 3, a single reactor coolant loop provides sufficient heat rerroval 
for renoving decay t.ieat; but, single failure considerations require all loops 
be in operation •henever tne rod control system is en1rgized and at least one 
loop be in operation 'lllhen thl rod control syse.m 1s daenerg1z.d. 

In MODE 4, a single reactor coolant loop or RHR loop provides sufficient 
heat renoval for renoving dlcay heat; but, single failure considerations 
require that at least 2 loops be OPERABLE. Thus, if thl reactor coolant 
loops are rat OPERABLE, tnis specification requires that t'fllO RHR loops be 
OPERABLE. 

In MOOE 5, single failure consid1rations require that t-.a RHR loops be 
OPERABLE. The provisions of Sections 3.4.l.4 and 3.9.8.Z [paragraph (b) of 
footnote (*)] wnicn permit one service water header ta be out of service, are 
based on the following: 

l. The period of tirre dUr1ng which plant ope ... ations rely upon the 
provis~ans of' this footnote snall be limited to a cumulat1¥9 45 days for 
any single outage, and 

2. Th1 Gas Turbi"' shat 1 be aperabl1, as a backup ta thl d11S1l 
· 91Mrators, in the eVlnt of a lass af affsita pa_.r, to supply th• 

appl1c1Dle toads. The oasis far OPERABILITY is one successful 
startup af th1 Gas Turbint no aare than 14 days prior to the beginnin9 of 
the Unit out191. 

Th• operation of an• R11ctor Coolant Pump or one RHR PullllP pravidlS 
adequate now ta insure nrtx1ng, pr1vent strat1f1cation and produca gradual 
r1act1v1ty cnanges daring Boran ccnc1ntration reductions in th• ~•actor 
Coolant Syst1111. The r11ct1v1ty chang1 rate associated with Boron 
a>nantrat1on r1ductions w111, th•rlfort, bl w1thin tM capability of 
operator recognition and co"ntr@l. 

The restrictions on starting 1 R11ctor Coolant Pump b•low P-7 with on1 or 
nar1 RCS cold lec;s 115s than ar 1qual ta 312., 1r1 provided to pr1vent RCS . 
pressur1 transients, caused by 1nergy additions from thl secondary syst1m, 
wl'tich could exceed the limits af Apc-ndh G to" lOCFR Par·t 50. n,. RCS will 
be prot1cted a94inst oV9rpressur9 transi1nts and will not 1xe1ed the limits 
of Appendix G by 1itner (l) r1stricting th• wat•r -.olu1111 in th• pr1ssuriz1r 
(thereby providin9 a voluaw tnto which the primary coolant can 1xpand, or 
(2) by restricting t,,e starting af R•1ctar Coolant Pumps ta those t11111s wt'ten 
s1cancs1ry water t1mperatur1 1n each sta111 91ner1tor is less than so•F above 

- each of the.RCS cold leg t11t1P1ratures. 

S~EM ·UNIT 2 B 3/4 4-l Amendment No. 46 
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DESIGN FEATURES 

DESIGN PRESSURE AND TEHPERAIURE 

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. 

5.3 R£ACTOR CORE 

FUEL ASSEMBLIES 

5.3.l The reactor shall contain at least 193 fuel assemblies. Each assembly 
shall consist of a matrix of zircaloy or ZIRLO clad fuel rods with an initial 
composition of natural or slightly enriched uranium dioxide as fuel material. 
Limited substitutiona 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. 

COt1TRQL ROD ASSEHBLIES 

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. 

5.4 RF.ACTOR COOLANI SYSTEM 

DESIGN FEATURE AND TEMPERAIURE 

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 65Q•F, except for the pressurizer which 
is 68Q•F. 

VOL1JME 

5.4.2 The total water and 
12,811 * lQQ cubic feet at 

SALEM - UNIT 2 

steam volume of the reactor coolant system is 
a nominal T of ~581 Q•F. avg 

. S73.D 
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d. ~ of waste an:l processin;J eq>loyed (e.q., dewaterad spent 
resin, oc:q>acted dry waste, evaporator bottans) , 

e. Type of CXl"lta.iner ( e. q. , LSA, Type A, Type B, La%ge ()Janti ty) , am 

f. SOlidificatiai agent or al:lsoment (e.q., cement, urea formaldehyde). 

!he Radioactive Effluent Release Repents shall incl\Xie a list of desc:riptiais 
of \ll'l>lanned releases fran the site to UNRES'DUCin> ARFAS of radioactive 
materials in gaseoJS and liquid effluents lll!!de duri.rg the tEpJX:tin;J period. 

'lhe Padioactiw Etfl\Blt Release RIBpolts shall inclma arrt ~made durin; 
the report.in; period to the :EK) f'SS a:mKlL ~ (PCP) ard to tha OFFSI'!E 
IXSE CAI.aJIATI~ !WllAL (OCXM), as well as a listin; of new locatiaw for dose 
calculatialS and/or envira1Dental narltorin;J identified by the lan:i use census 
pursuant to Specificatiai 3 .12. 2 • 

6.9.2 sPecial tap:a:ls shall be sutmitted to the u.s. NUcl.ear Regulatory 
C)'mni•im, Dooll!IMJt cart:tol Desk, Wa.shin;Jtal, o.c. 20555, with a OCFI to the 
~, tSNRC Rsqiai. I within the time period specified for each 
Iepa&:t:. 

6. 9. 3 Violatiaw Of the req.tlranents of the fim prot:actim ptcqi:am deec:r:ibed 
in the Updatm Final safety Analysis Report 'Whictl wcul.cl have adversely 
affected tha ability to adlieva and maintain safe sb.ttdcwn in the event of a 
fire shall be sul:ID.ittm to the u. s. ?b:lear 18J.llatOJ:y C)'mni•iai, Dcx:ument 
a:ut:rol Desk, wastli.n:Jt:,a1, ix: 20555, with a CCVI to the Rl!lgiaial Admi.nistrator 
ot the Rl!lgiaial otfica of the ~ via the Licl!l mee Ewnt Rlp::a:t system within 
30 days • 

SAUM - l1NIT 2 6-24 Aml!l ldment No. 11 7 
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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, FQ, 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, PFAH for Specification 3/4.2.3. 

b. 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 (N 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 Followinq 
Procedures - Topical Report, September 1974 (N 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 (N 
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. 

c. 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. 

d. 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 COLR 

SALEM UNIT 1, CYCLE 13 

AND 

SALEM UNIT 2, CYCLE 9 
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COLR for SALEM UNIT 1 CYCLE 13 

1.0 CORE OPERATING 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: 

3/4.1.1.4 
3/4.1.3.5 
3/4.2.1 
3/4.2.2 
3/4.2.3 

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 

1 
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COLR for SALEM UNIT 1 CYCLE 13 

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 3/4.1.1.4) 

2 .1. 1 

2 .1. 2 

The Moderator Temperature Coefficient (MTC) limits 
are: 

The BOL/F.RO/HZP-MTC shall be less positive than 
0 i1k/k°F. 

The EOL/ARO/HZP-MTC shall be less negative than 
-4.7 x 10- 4 i1k/k°F. 

The MTC Surveillance limit is: 

The 300 ppm/ARO/RTP-MTC should be less negative tfran 
or equal to: 

-4. 0 x 10-4 i1k/k°F. 

where: 

BOL stands for Beginning of Cycle Life 
ARO stands for All Rods Out 
HZP stands for Hot Zero THERMAL POWER 
EOL stands for End of Cycle Life 
RTP stands for 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 . 

2 

s:\admingrp\fuels\colr.doc 



• 

• 

• 

COLR for SALEM UNIT 1 CYCLE 13 

2.3 Axial Flux Difference (Specification 3/4.2.1) 
{CAOC methodology) 

2.3.1 

2.3.2 

The AXIAL FLUX DIFFERENCE (AFD) target band is +6%, 
-9%. 

The AFD Acceptable Operation Limits are provided in 
Figure 2. 

2.4 Heat Flux Hot Channel Factor - FQ(Z) (Specification 3/4.2.2) 
{Fxy methodology) 

pRTP 

FQ (z) ::::; _Q_ * K ( z) for P > 0. 5 and 
p 

pRTP 

FQ(z)::::;_Q_ * K(z) for P < 0.5. 
0.5 

THERMAL POWER 
Where: P 

2.4.1 

2.4.2 

2. 4. 3 

RATED THERMAL POWER 

pRTP = 2 • 40 
Q 

K(Z) is provided in Figure 3. 

F~=FR: [1.0 + PFxy (1.0 - P)] 

Where: pRTP 
XY 

PFxy = 0.3 

1 for the unrodded core planes 
for the core plan containing 
Bank D control rods 

1 Value to be determined during the RSE process 

3 
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2.5 Nuclear Enthalpy Rise Hot Channel Factor - F~H (Specification 3/4. 2. 3) 

Where: 

2.5.1 r-RTP 
re:,.H = 1.65 

2.5.2 PFD.H = 0.3 

.., 

• 

Page 4 
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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: 

3/4.1.1.3 
3/4.1.3.5 
3/4.2.1 
3/4.2.2 
3/4.2.3 

3:\adrningrp\fuels\colr.doc 

Moderator Temperature Coefficient 
Control Rod Insertion Limits 
Axial Flux Difference 
Heat Flux Hot Channel Factor 
Nuclear Enthalpy Hot Channel Factor 

1 



• 

• 

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 

2 .1. 2 

The Moderator Temperature Coefficient (MTC) limits 
are: 

The BOL/ARO/HZP-MTC shall be less positive than 
0 i'1k/k°F. 

The EOL/ARO/HZP-MTC shall be less negative than 
-4.7 x 10-4 i'1k/k°F. 

The MTC Surveillance limit is: 

The 300 ppm/ARO/RTP-MTC should be less negative than 
or equal to: 

-4.0 x 10-4 i'1k/k°F. 

where: 

BOL stands for Beginning of Cycle Life 
ARO stands for All Rods Out 
HZP stands for Hot Zero THERMAL POWER 
EOL stands for End of Cycle Life 
RTP stands for 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 . 

2 
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COLR for SALEM UNIT 2 CYCLE 9 

2.3 Axial Flux Difference (Specification 3/4.2.1) 
{CAOC methodology) 

2.3.1 

2.3.2 

The AXIAL FLUX DIFFERENCE (AFD) target band is +6%, 
-9%. 

The AFD Acceptable Operation Limits are provided in 
Figure 2. 

2.4 Heat Flux Hot Channel Factor - FQ(Z) (Specification 3/4.2.2) 
{ Fxy methodology) 

pRTP 

FQ (z) ~ _Q_ * K ( z) for P > 0. 5 and 
p 

pRTP 

FQ (z) ~ _Q_ * K ( z) for P < 0. 5. 
0.5 

THERMAL POWER 
Where: P 

2. 4 .1 

2.4.2 

2.4.3 

RATED THERMAL POWER 

pRTP = 2 • 40 
Q 

K(Z) is provided in Figure 3. 

F ~=FR: [ 1. 0 + PFxy ( 1. 0 - P) ] 

Where: pRTP 
XY 

PFxy = 0.3 

1 

1 
for the unrodded core planes 
for the core plan containing 
Bank D control rods 

1 Value to be determined during the RSE process 

3 
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• COLR for SALEM UNIT 2 CYCLE 9 

2.5 Nuclear Enthalpy Rise Hot Channel Factor - F~H (Specification 3/4.2.3) 

Where: 

5 r-RTP 2 .. 1 rt;H = 1.65 
----------- --- --, 

2.5.2 PFt:.H = 0.3 
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